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Applications Invited for Arthritis Care & Research 
Editor-in-Chief (2021–2026 Term)

The American College of Rheumatology Committee on Journal 
Publications announces the search for the position of Editor, 
Arthritis Care & Research. The offi  cial term of the next 
Arthritis Care & Research editorship is July 1, 2021–June 30, 2026; 
however, some of the duties of the new Editor will begin during a 
transition period starting April 1, 2021. ARP/ACR mem-
bers who are considering applying for this prestigious and 
rewarding position should submit a nonbinding letter of 
intent by May 4, 2020 to the Managing Editor, Maggie Parry, at 
mparry@rheumatology.org, and are also encouraged to con-
tact the current Editor-in-Chief, Dr. Marian Hannan, to discuss 
details. Initial contact should be made via e-mail to Hannan@
hsl.harvard.edu. Applications will be due by June 15, 2020 
and will be reviewed during the summer of 2020. Application 
materials will be available on the ACR web site at https://
www.rheumatology.org/Portals/0/Files/ACandR-Editor-
Application-Instructions.pdf.

Download the New ACR Publications Mobile App

The brand-new ACR Publications app can be downloaded for 
free from the Apple store or Google Play. ACR members can log 
in for full-text access to all articles in Arthritis Care & Research and 
Arthritis & Rheumatology. Nonmembers can access abstracts of 
all AC&R and A&R articles, the full text of articles published more 
than one year ago, and select open-access articles published 

recently, as well as the full text of all articles from ACR Open 
Rheumatology and The Rheumatologist.

ARP Membership 

The Association of Rheumatology Professionals (ARP), a division of 
the American College of Rheumatology, appreciates your continued 
membership and looks forward to serving you another year. Mem-
bership costs range from $30 to $140. ARP welcomes nurse practi-
tioners, nurses, physician assistants, office staff , researchers, physical 
therapists, occupational therapists, assistants, and students. Student 
membership is complimentary; the Annual Meeting registration fee 
is waived for students who submit the required student verification 
letter. For information, go to www.rheumatology.org and select 
“Membership” or call 404-633-3777 and ask for an ARP staff  member. 

New ACR Journal Twitter Account (@ACR_Journals) and Social 
Media Editor 

The ACR journals are heightening our focus on social media, 
to benefi t authors and readers. Among our fi rst activities is 
the introduction of an offi  cial ACR Journals Twitter account: @
ACR_Journals. Followers will enjoy special features and the op-
portunity to engage with authors and other fellow profession-
als about studies published in Arthritis Care & Research, Arthritis 
& Rheumatology, and ACR Open Rheumatology. Authors of pub-
lished articles will have the opportunity to use @ACR_Journals 
to share their work and engage in dialogue with others inter-
ested in the research. The journals welcome Dr. Paul Sufka of 
Minneapolis as our fi rst Social Media Editor. 
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C L I N I C O P A T H O L O G I C  C O N F E R E N C E

A 31-Year-Old Man With A Fungal Infection, Elevated 
Alkaline Phosphatase Level, and Polyarthritis
Talha Khawar,1 Carsten R. Hamann,2 Arezoo Haghshenas,1 Allie Blackburn,1 and Karina D. Torralba1

CASE PRESENTATION

Chief symptoms

A 31-year-old male presented with 4 weeks of progressive 
joint pain and swelling.

History of present illness

The patient presented with 4 weeks of progressive joint 
swelling and pain affecting bilateral hands, feet, and ankles. 
The patient had been nonverbal, hemiplegic, and unable to get 
out of bed without assistance for the past 6 months. He had 
not had any past joint swelling or low back pain, and his family 
could not report any identifiable aggravators or alleviators for 
his symptoms. He had not lost weight, nor had any fevers, 
chills, night sweats, cough, hemoptysis or chest pains, vision 
changes, diarrhea, bloody stools, dysuria, or any rashes.

Medical history

The patient was in normal health until 4 years prior, when 
he developed chronic sinusitis. He underwent nasal polypec-
tomy and successful removal of a paranasal fungal mass. Four 
years later, infection recurred with extension into the brain, 
resulting in loss of consciousness and seizures requiring treat-
ment with levetiracetam. A left frontal/parietal decompressive 
craniotomy and frontal lobe mass resection were performed; 
an intracranial hemorrhage during craniotomy resulted in 
paraplegia and aphasia. The cultures from brain tissue grew 
Aspergillus fumigatus, and treatment with voriconazole was 
started. Over the next 6 months, additional surgical interven-
tions were performed, including frontal sinusotomy, complete 
ethmoidectomy, sphenoidotomy, maxillary antrostomy, and 
ventriculostomy drain placement followed by externalization 
of the voriconazole periostitis. Voriconazole treatment was 
continued during this period until the current presentation.

Family and social history

There was no family history of inflammatory arthritis, psoria-
sis, inflammatory bowel disease, or malignancy. The patient used 
to be a welder. He is married with 2 children. There was no history 
of tobacco or illicit drug use.

Physical examination

At the patient’s current presentation, he appeared chroni-
cally ill and lethargic but arousable. He was unable to move the 
right side of his body. His right pupil was sluggish but reactive 
to light. He had tracheostomy and gastrostomy tubes in place. 
The results of the cardiopulmonary examination were unremark-
able. He had soft tissue swelling, bony enlargement, and tender-
ness and warmth of his metacarpophalangeal joints, as well as 
of the proximal and distal interphalangeal joints on both hands 
(Figure 1). He also had tenderness over his distal lower extrem-
ities and ankles bilaterally but no swelling or warmth. Digital 
clubbing, nail pitting, and other dermatologic manifestations of 
psoriasis were not present.

Laboratory and imaging evaluation

Results for complete blood count, electrolytes (serum 
sodium, potassium, and chloride), aspartate aminotransferase, 
alanine aminotransferase, blood urea nitrogen, creatinine, albu-
min, C-reactive protein, thyroid-stimulating hormone, free T4, 
total T3, Quantiferon TB Gold, and rapid plasma reagin levels 
were within normal limits. Results were notable for an erythrocyte 
sedimentation rate (ESR; Westergren method) of 71 mm/hour  
(normal 0–20), an alkaline phosphatase level of 1,495 IU/liter 
(normal 4–147), and a gamma glutamyl transferase (GGT) level 
of 763 units/liter (normal 0–45). Antinuclear antibodies and 
other autoantibodies to cyclic citrullinated peptide, antineu-
trophil cytoplasmic antibody, proteinase-3, myeloperoxidase, 
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double-stranded DNA, Sm, SSA/Ro, SSB/La, RNP, cardiolipin, 
β2-glycoprotein, and antithyroid antibodies were negative. Lupus 
anticoagulant and HLA–B27 test results were negative. The 
patient’s ionized calcium level was 1.18 mmoles/liter (normal 
1.00–1.40). The intact parathyroid hormone level was 20.6 pg/ml 
(normal 15.0–65.0), and total 25-hydroxyvitamin D was 22 ng/ml. 
The patient’s magnesium was 0.8 mmoles/liter (normal 0.7–1.2), 
and his serum fluoride level was high at 5.3 μmoles/liter (nor-
mal 0.0–4.0). A radiograph of the chest showed normal findings. 
Ankle, foot, and hand radiographs showed extensive periosteal 
reaction with fluffy periostitis and new bone formation (Figures 2 
and 3). A triple-phase bone scan performed to evaluate for com-
plex regional pain syndrome showed prominent uptake adjacent 
to the joints in both hands, corresponding to areas of periosteal 
reaction (Figure 4).

CASE SUMMARY

The patient is a 31-year-old male presenting with subacute-
onset progressive inflammatory polyarthritis with laboratory 
and radiologic evidence of inflammation and a bone remodeling 
reaction based on elevated alkaline phosphatase levels, an ele-
vated ESR, and periosteal reaction as shown on radiographs.

DIFFERENTIAL DIAGNOSIS

Periostitis is an inflammation of the periosteum, the membrane 
enveloping a bone, and is radiographically characterized by thick-
ening of the periosteum and new bone formation (1). Osteitis defor-
mans is a term used to describe the spectrum of clinical, radiologic, 
and pathologic features that are associated with periostitis and is 
typically associated with marked acceleration of the bone remode-
ling process of breakdown and regrowth (2). The exact mechanism 
of how periostitis occurs in humans is largely unknown, espe-
cially in nonhereditary cases; however, it is theorized to occur as 
an exaggerated and irregular bone metabolism response to an 

Figure 1.  Photograph of right hand showing marked swelling of 
all the metacarpophalangeal, proximal, and distal interphalangeal 
joints. There was joint erythema on examination.

Figure 2.  Radiograph of left hand, anteroposterior view, taken at 
time of admission, showing extensive, prominent periosteal and joint 
capsular calcifications involving all of the phalanges, metacarpal 
bones, carpal bones, and the distal radius and ulna, with the most 
prominent changes adjacent to the joints. There is marked soft 
tissue swelling around the metacarpophalangeal, proximal, and 
distal interphalangeal joints, as well as periarticular osteopenia.
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inflammatory signal, which involves alternating processes of bone 
resorption and osteoclast invasion of the periosteum’s germinative 
layer and bone formation where the osteoblasts promote apposi-
tion of a new layer of bone (2–4). Periostitis can present acutely, 
usually in the setting of infection, or on a subacute or chronic basis 

with varying underlying conditions (Table 1). The main differential 
diagnoses for this case include the following: hypertrophic oste-
oarthropathy (HOA), psoriatic arthritis, thyroid acropachy, skeletal 
fluorosis from fluoride ingestion, and medication-related periostitis 
from prolonged use of voriconazole.

HOA. Periostitis is often due to HOA, which features the 
triad of digital clubbing, arthritis, and periostitis of the long 
bones. HOA comes in both primary and secondary forms. Pri-
mary HOA (also known as pachydermoperiostosis or Touraine-
Solente-Gole syndrome) comprises 5% of HOA cases and is 
hereditary due to a 15-dihydroxy prostaglandin dehydrogenase 
gene mutation (5). Secondary HOA, comprising 95% of HOA 
cases, is associated with cardiac, pulmonary, endocrine, and 
gastrointestinal conditions and malignancies (1). HOA, previously 
known as hypertrophic pulmonary osteoarthropathy because 
of the wide spectrum of pulmonary conditions, including lung 
cancer usually associated with HOA, typically also features dig-
ital clubbing, periostitis, and excessive proliferation of skin and 
bone in the extremities (1,6). Our patient did not have any cardi-
opulmonary conditions or any findings of active malignancy. The 

Figure 3.  Radiograph of right ankle, anteroposterior view. Bones 
have a moth-eaten appearance. There is mild soft tissue swelling 
around the hindfoot. A remodeling/periosteal reaction is noted in the 
distal fibula (arrows).

Figure  4.  Triple-phase bone scan using 23 mCi 99mTc-
hydroxydiphosphonate to evaluate for complex regional pain 
syndrome showing prominent uptake adjacent to the joints in both 
hands, corresponding to areas of periosteal reaction.

Table 1.  Causes of periostitis in both acute and chronic forms
Acute periostitis

Trauma Excessive physical activity (shin 
splints, tibial periostalgia, soleus 
periostalgia)

Infection Congenital syphilis; Staphylococcus 
species; Streptococcus species; 
acute osteomyelitis

Malignancy Leukemia
Chronic periostitis

Hyperosteoarthropathy Primary hyperosteoarthropathy: 
pachydermoperiostosis or 
Touraine-Solente-Gole syndrome; 
15-dihydroxyprostaglandin 
dehydrogenase gene mutation

Secondary hyperosteoarthropathy: 
cardiac, pulmonary, endocrine, 
gastrointestinal conditions, and 
malignancies

Drugs and other 
chemical exposures
Fluoride
Prostaglandin E1

Vitamin A
Voriconazole

Infection Osteomyelitis; syphilis
Malignancy Eosinophilic granuloma/Langerhans’ 

cell histiocytosis
Benign bone lesions Osteoid osteoma; aneurysmal bone 

cyst
Trauma
Hemophilia
Thyroid acropachy
Inflammatory diseases Psoriatic arthritis; associations with 

antineutrophil cytoplasmic 
antibody–associated vasculitis; 

Takayasu arteritis; sarcoidosis; 
inflammatory bowel disease; 
relapsing polychondritis
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patient’s age precludes the diagnosis of primary HOA, which is 
exclusively seen in childhood. He did have elevated GGT and 
alkaline phosphatase levels, but this was thought to be due in 
part to cholestatic hepatic toxicity and in part to bone toxicity as 
elucidated further in this article.

Psoriatic arthropathy. Psoriatic arthropathy is another 
diagnosis to consider (7). The patient did have features of syn-
ovitis. He had extensive osteoproliferation, which can be seen in 
psoriatic arthritis usually in association with erosive arthropathy, 
but the patient lacked other features of psoriatic arthritis, including 
lack of enthesitis, dactylitis, and a self or family history of psoriasis.

Skeletal fluorosis. Chronic fluoride ingestion, classically 
described in association with industrial inhalation of fluoride 
fumes, consumption of water and tea, and cryolite exposure, can 
lead to skeletal fluorosis, in which there are extensive exostoses 
of the long bones as well as extensive calcifications of ligaments 
and cartilage (8). This patient did not have a history suggestive of 
this condition.

Thyroid acropachy. Thyroid acropachy, which presents 
with soft tissue swelling of fingers and periosteal reaction of bones, 
is a manifestation of autoimmune thyroid disorder (9,10). It usually 
involves the bones of the hand and the feet and accompanies 
thyroid dermopathy and ophthalmopathy. Thyroid acropachy can 
occur in patients with either hypothyroidism or euthyroidism. This 
patient had normal thyroid function as confirmed by test findings 
and had no features of dermopathy or ophthalmopathy.

Drug-induced periostitis. A number of drugs can cause 
periostitis, including prostaglandin E1 (PGE1) and vitamin A 
(Table 1). When taken in excessive amounts, vitamin A causes 
cortical thickening of tubular bones, metaphyseal cupping and 
fraying, growth plate irregularity, and premature fusion of the 
ossification centers along with proliferative enthesopathy of the 
long bones and flaval ligaments (11). Cortical bone thickening 
has been associated with prolonged use of PGE1 in conjunc-
tion with its intravenous administration to infants with intention 
to maintain patency of the ductus arteriosus until corrective 
surgery or transplant can be done (12). This patient had no 
exposure to vitamin A or PGE1 but had been taking voriconazole 
for at least 6 months.

Voriconazole is a broad-spectrum, synthetic, second-
generation azole antifungal with activity against a variety of fungal 
infections, especially particularly invasive aspergillosis and infec-
tions caused by Candida albicans (13,14). It is a triazole derivative 
of fluconazole and disrupts fungal cell wall synthesis by inhibit-
ing a cytochrome P450–dependent enzyme, 14-alpha sterole 
demethylase (13,14). Voriconazole has been described as causing 
a painful periostitis of the long bones in various immunocompro-
mised patients with associated elevation in alkaline phosphatase 

levels, with most cases involving lung, heart, liver, stem cell, and 
bone marrow transplant recipients (15–24). This phenomenon has 
been reported in patients receiving therapy with this antifungal as 
either prophylaxis or treatment. Since the current patient had been 
taking voriconazole for 6 months and had no history to suggest any 
of the other diagnostic considerations, voriconazole-induced peri-
ostitis was highly suspected to be the cause of his skeletal findings.

DISCUSSION

A number of cases, predominantly in the transplant medi-
cine literature, have described the occurrence of periostitis with 
voriconazole use. However, due to lack of controlled studies, 
it is not very well understood whether the levels or duration of 
voriconazole treatment predict the risk of developing periosti-
tis. The duration of therapy for most published reports ranged 
between 6 weeks to 416 weeks before symptoms of periostitis 
ensued (15–24). The current patient received voriconazole for 
6 months and had significantly more robust radiologic evidence of 
periostitis compared to other reported cases where the duration 
of voriconazole use was much longer. All other reported cases 
involved patients taking dosages of ≥200 mg/day before having 
symptoms of periostitis. In contrast, the current patient was grad-
ually increased to a dosage of 100 mg/day, which was when he 
started to show sign of periostitis. Serum fluoride levels in the cur-
rent patient were slightly elevated but had the lowest value com-
pared to other reported cases (22–24).

Evaluation for voriconazole as a cause of periostitis needs 
further research. In a way, voriconazole-related periostitis can 
be considered as a form of fluorosis since part of voriconazole’s 
chemical composition consists of difluorophenyl fluoropyrimi-
dine. Serum fluoride levels tend to be much higher in patients 
taking voriconazole compared to the general population 
(16,22–24). Measurement of serum voriconazole levels may be 
useful in some patients, especially when voriconazole is taken 
orally due to variable bioavailability, either to evaluate for poten-
tial toxicity or to document adequate drug exposure, as was 
the case in the current patient. The drug levels in the current 
patient were below the therapeutic range for the majority of 
the treatment duration, which resulted in a progressive esca-
lation of dose until he started to have symptoms at a dosage 
of 100 mg/day. The patient’s alkaline phosphatase levels were 
elevated, which is consistent with previously reported cases. 
However, the patient also had an elevated GGT level, and we 
hypothesize that this patient’s alkaline phosphatase elevation 
was due in part to cholestatic hepatic toxicity and in part due to 
bone toxicity. Previous studies have reported levels anywhere 
from as low as 170 units/liter to as high as 2,548 units/liter. 
According to the manufacturer’s recommendations, these lev-
els are routinely measured, along with other liver function tests, 
weekly in the first month of treatment and then monthly. There 
is no recommendation for measuring the bone-specific alkaline 
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phosphatase level to identify at-risk patients who may develop 
periostitis. There also is no reported association between per-
iostitis and the levels of bone-specific alkaline phosphatase in 
patients taking voriconazole (21,25). While serum fluoride lev-
els may be used as surrogate markers for periostitis in sympto-
matic patients when a bone scan is not readily available, they 
are not widely available, hence delaying the diagnosis (23). On 
the other hand, alkaline phosphatase levels, although very high 
in voriconazole-induced periostitis, are highly variable due to 
other metabolic factors such as vitamin D, parathyroid hor-
mone levels, calcium intake, and kidney disease, and there-
fore may not be as reliable (22).

Animal studies have shown that fluoride exposure causes 
aberrant activation of osteoblasts and inhibits osteoclast-
mediated bone resorption (25). Voriconazole promotes osteo-
blastic differentiation through 2 pathways, either by increasing 
alkaline phosphatase or by promoting the expression of runx2, 
a key protein associated with osteoblast differentiation. Addition-
ally, endothelial growth factor and platelet-derived growth fac-
tor, which are vital in angiogenesis and osteoblast proliferation 
and differentiation, are up-regulated with voriconazole exposure 
(25,26). However, further research is needed to clarify these path-
ogenic processes.

The cause and effect association between voriconazole use 
and periostitis development in this patient appears highly prob-
able. Rechallenging the patient with voriconazole and a subse-
quent redevelopment of periostitis would have definitively proven 
this association; however, reintroduction of this drug was not 
acceptable to the next of kin.

PATIENT’S COURSE

Voriconazole treatment was discontinued, and the patient 
was started on micafungin. After 2 weeks, follow-up radiographs 
showed improvement of the periarticular soft tissue swelling. 
The serum alkaline phosphatase levels decreased. A peripherally 
inserted central catheter was inserted for long-term antimicrobial 
therapy, and the patient was discharged to a nursing home. Clinic 
follow-up at 2 months showed improvement in joint pain, swelling, 
and range of motion. At the 1-year follow-up, radiographs showed 
substantial improvement of the periostitis (Figure 5).

This case emphasizes the need for keeping voriconazole-
induced periostitis as one of the important differentials when 
encountering patients with symptomatic arthralgias, arthritis, and 
periostitis while receiving voriconazole treatment.

FINAL DIAGNOSIS

Voriconazole-induced periostitis
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R E V I E W

Incomplete Systemic Lupus Erythematosus: What Remains 
After Application of American College of Rheumatology and 
Systemic Lupus International Collaborating Clinics Criteria?
Wietske M. Lambers, Johanna Westra, Marcel F. Jonkman, Hendrika Bootsma, and Karina de Leeuw

Incomplete systemic lupus (iSLE) is an acknowledged condition of patients with clinical signs of lupus who do not 
fulfill classification criteria for SLE. Some patients with iSLE have persistent mild disease, but others have serious 
organ involvement, and up to 55% progress to established SLE. Research on this subject could reveal predictive 
or diagnostic biomarkers for SLE. Ideally, it would become possible to discern those patients with critical organ 
involvement or a high risk for progression to SLE. This high-risk group might benefit from early treatment, which 
would preferably be confirmed in randomized controlled trials. This process would, however, require agreement 
on a definition of iSLE. The Systemic Lupus International Collaborating Clinics (SLICC) classification criteria was 
composed in order to diagnose SLE earlier. The present review outlines the clinical characteristics of iSLE after 
introduction of SLICC criteria and furthermore proposes a definition of iSLE with the aim of discriminating the high-
risk group from those with a lower risk.

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease that is characterized by formation of antinuclear autoantibod-
ies (ANAs) and is known to have a wide range of clinical features 
(1). The judgment of experienced physicians is generally accepted 
as the gold standard for the diagnosis of SLE; however, especially 
for research aims, accurate disease classification is important to 
create comparable, consistent study groups. For that purpose, 
the American College of Rheumatology (ACR) criteria for SLE were 
proposed (2,3). A patient is classified as having SLE when 4 of 11 
cumulative clinical and immunologic ACR criteria are met (Table 1) 
(3). In order to increase sensitivity, the Systemic Lupus Interna-
tional Collaborating Clinics (SLICC) more recently composed new 
criteria that were validated in 2012 (4) (Table 1). The most important 
differences between the ACR 1997 criteria and the SLICC 2012 
criteria include the merging of criteria for subacute or acute cuta-
neous lupus and photosensitivity and addition of alternative forms 
of chronic cutaneous lupus; the addition of nonscarring alopecia as 
a clinical criterion; the redefinition of arthritis; the redefinition of the 
hematologic criteria; the separation and extension of immunologic 

criteria; the allowance of biopsy-confirmed lupus nephritis in the 
presence of ANAs or anti–double-stranded DNA (anti-dsDNA) to 
be sufficient for classification of SLE; and the requirement of at least 
1 immunologic and 1 clinical criterion for SLE classification. Cur-
rently, new classification criteria for SLE are under review by a ACR/
European League Against Rheumatism (EULAR) collaboration (5).

Some patients with lupus symptoms still do not fulfill any of the 
current classification criteria for SLE. For example, some patients 
could have cutaneous lupus and detectable autoantibodies but lack 
other features. Some patients have gradual disease onset and over 
time develop serious organ involvement, while others continue to 
have milder manifestations of the disease. Several terms have been 
used to qualify this heterogeneous group. The term “undifferentiated 
connective tissue disease” (UCTD) is used if autoimmunity features 
do not resemble 1 specific autoimmune disease. However, when 
patients have typical features of SLE without fulfilling the classifica-
tion criteria, the terms “latent lupus,” “early lupus,” “potential lupus,” 
“incomplete lupus,” and “incomplete SLE” have all been used (6). 
The terms “latent lupus” and “early lupus” suggest that there will be 
progression to SLE, while this is not necessarily the case. “Potential 
lupus” could be an accurate term in reference to some patients, 
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but for patients with a clear form of lupus (for example, cutaneous 
lupus), this label would not be appropriate, as they would already 
have lupus of the skin. We decided to use the term “incomplete 
SLE” (iSLE), as this can include both stable mild disease as well 
as more severe disease that is still not classifiable as SLE.

Investigating iSLE is of significant relevance, as it could reveal 
immunologic changes that occur when the disease progresses to 
SLE. Furthermore, longitudinal follow-up of these patients poten-
tially reveals predictive biomarkers that enable stratification of the 
risk for progression to established SLE. This investigation of iSLE 
would improve patient care by allowing high-risk patients to be fol-
lowed up more intensively and to possibly start treatment earlier; 
low-risk patients could be exempted from intensive follow-up and 
be reassured about disease progression. Additionally, patients 
with iSLE might benefit from inclusion in clinical trials. However, 
because patients with iSLE are probably an even more hetero-
geneous group than those with SLE, a consensus definition is of 
great importance for future research.

In the present review, the characteristics of iSLE before and 
after introduction of SLICC criteria are outlined. Moreover, clinical 
and serologic risk factors are described in order to ultimately better  
define this patient group, especially those patients at high risk of 
progression to SLE or severe organ involvement.

Characteristics of iSLE and risk factors for 
progression to SLE

Throughout the past decades, a number of studies investi-
gating iSLE have been published. Most publications on iSLE are 
based on patients with clinical features of SLE who do not fulfill 
ACR criteria (3), and only some studies use the SLICC criteria. 

Table 2 shows an overview of these studies (7–20).

The most commonly occurring features in these patients 
are mucocutaneous symptoms (up to 46%), arthritis (up to 53%), 
and hematologic disorders (up to 52%). A significant number of 
patients with iSLE, however, have serious organ involvement. 
Up to 36% of patients with iSLE have serositis, up to 27% have 
renal involvement, and up to 6% have neurologic symptoms. 
Moreover, 53% of hospitalized iSLE patients have been found to 
have increased disease damage scores, and in 1 cohort, lupus-
associated mortality in patients with iSLE was equal to that in 
those with SLE (15). Progression to SLE occurs in 5–57% of 
patients with iSLE within 1–10 years.

Seven studies have reported the progression rate to SLE, 
each of which are discussed herein. In the first study, by Greer 
and Panush (7), 38 patients with iSLE who were defined as meet-
ing ≥2 but <4 of the ACR criteria (2) were retrospectively com-
pared to 42 patients with SLE. At inclusion, the median disease 
duration of the iSLE group was 38 months, and the mean time 
of consecutive follow-up was 19 months. Compared to patients 
with iSLE, patients with SLE presented more frequently with malar 
rash, hematologic features, and organ involvement, whereas dis-
coid rash occurred more often in patients with iSLE. Only 5% of 
patients (n = 2) developed definite SLE (1 patient at 9 months and 
1 patient at 26 months after the first presentation); however, the 
characterisics of these patients were not published by the authors. 
At the end of follow-up of the remaining patients with iSLE, 11% 
were not classified as having a connective tissue disease, 26% 
had discoid lupus erythematosus, 5% subacute cutaneous lupus 
erythematosus, and 53% continued to have iSLE.

The second study was a prospective study conducted in 
Puerto Rico (9), in which 87 patients with iSLE were followed up 
for a mean of 2.2 years. These iSLE patients were defined as hav-
ing met ≥1 but <4 criteria according to the ACR criteria for SLE (2) 

Table 1.  Overview of ACR 1997 criteria and SLICC 2012 classification criteria for SLE*

Clinical criteria Immunologic criteria
ACR 1997 criteria† Malar rash

Discoid rash
Photosensitivity
Oral ulcera
Arthritis
Serositis
Renal involvement
Neurologic involvement
Hematologic manifestations

Anti-dsDNA, anti-Sm, or  
anti-phospholipid antibodies

ANA

SLICC 2012 
criteria‡

Acute or subacute cutaneous lupus
Chronic cutaneous lupus
Oral or nasal ulcera
Alopecia
Synovitis
Serositis
Renal involvement
Neurologic involvement
Hematologic manifestations

ANA
Anti-dsDNA
Anti-Sm
Antiphospholipid antibodies
Low complement
Positive Coombs’ test

* ACR = American College of Rheumatology; SLICC = Systemic Lupus International Collaborating Clinics; SLE 
= systemic lupus erythematosus; anti-dsDNA = anti–double-stranded DNA; ANA = antinuclear antibodies. 
† Patients were classified as having SLE when 4 of the 11 criteria were met. 
‡ Patients were classified as having SLE if 4 criteria with at least 1 clinical and 1 immunologic or biopsy-
proven lupus nephritis and ANA or anti-dsDNA were met. 
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and had no classification or specific symptoms of other rheumatic  
diseases. Evolution of iSLE to SLE occurred in 9% of these patients, 
with a mean interval of 4.4 years between onset of symptoms and 
diagnosis. These patients in whom iSLE progressed to SLE were 
younger than those who remained in the iSLE group (ages 24.5 
years versus 34 years), but this difference did not reach statisti-
cal significance (P = 0.06). In terms of clinical manifestations, the 
patients who developed SLE more frequently had photosensitivity, 
positive anti-dsDNA, and decreased C3 levels at baseline. Impor-
tantly, organ involvement was uncommon in both groups.

The third study was a multicenter study that prospectively 
evaluated patients with iSLE (10). For these patients, iSLE was 
defined as the presence of symptoms of 1 organ system, ANA 
positivity, and clinical suspicion of possibly developing SLE in the 
future. Although 122 patients were identified using this definition of 
iSLE, 22 already fulfilled the 1982 ACR criteria of SLE at first evalu-
ation. Of the remaining 100 patients, 3 developed SLE during the 
next 2 years. Clinical symptoms consisted mainly of fatigue, arthri-
tis, nonhemolytic anemia, and leucopenia, while organ involve-
ment was uncommon. These findings suggest that patients with 
iSLE whose illness does not progress to SLE during a short term 
represent a milder disease entity. Unfortunately, no comparison 
of baseline characteristics was made between the patients who 
developed SLE and the remaining iSLE group.

The fourth study, by Ståhl Hallengren et  al (11), included 
long-term prospective follow-up of 28 patients with iSLE, which 
was defined as ANA positivity and symptoms in ≥1 organ. After 
a median duration of 5.3 years, iSLE in 16 patients (57%) had 
progressed to SLE according to ACR criteria (2). The iSLE patients 
whose illness progressed to SLE were all ANA positive (as per 
protocol for the study), and all but 1 patient had at least 1 clinical 
symptom at baseline. The progressive patient who did not dis-
play clinical sympoms at baseline had a first-degree family mem-
ber with SLE. All 6 of the patients who had malar rash and all 6 
patients who had anticardiolipin antibodies developed established 
SLE.

In the fifth study, Laustrup et  al (12) investigated a cohort 
of 26 patients with iSLE (clinical diagnosis of SLE, not meeting 
ACR criteria) (2). All patients had detectable ANA, and the most 
prevalent clinical symptoms were photosensitivity, malar rash, and 
hematologic disorders. In 7 of these patients (27%), iSLE trans-
formed into SLE during 8 years of follow-up. No predictive factors 
could be identified.

In the penultimate study, Al Daabil et al prospectively enrolled 
264 patients who fulfilled 1–3 of the ACR classification criteria 
for SLE (14). Throughout an average follow-up time of 6.3 years, 
iSLE in 21% of patients evolved to SLE. At baseline, arthritis and 
presence of anti-dsDNA and anti-Ro/SSA were more frequent 
in the group that had eventually progressed to SLE. However, 
after multivariable logistic regression analysis, only oral ulcers, 
anti-dsDNA, and symptoms of renal involvement were found to 
be independent risk factors for the development of SLE. During 

follow-up of the group that did not develop SLE, 61% remained 
classified as having iSLE, while 18% had another diagnosis (fibro-
myalgia, autoimmune thyroid disease, mixed connective tissue 
disease, rheumatoid arthritis, or cutaneous lupus). Importantly, the 
ANA positivity rate was lower (79%) in this group compared to the 
remaining SLE group (98%).

Finally, a recent prospective observational study by Yusof et al 
(19) included 118 subjects with ANA positivity (titer ≥1:80) who 
fulfilled ≥1 clinical SLICC criteria and had symptom duration of 
<12 months. Clinical symptoms included mucocutenaous, mus-
culoskeletal, and hematologic features. During the 12 months of 
follow-up, 19 patients (16%) progressed to a classified connective 
tissue disease, of which 14 (12%) developed SLE according to 
SLICC criteria and 5 (4%) developed Sjögren’s syndrome. Two 
patients developed critical organ involment, 1 with serositis and 1 
with nephritis. All iSLE patients whose illness progressed to SLE 
had fulfilled at least 1 clinical SLICC criterion at baseline (not further 
specified by the authors), indicating that this was an important risk 
factor of disease progression. Furthermore, after logistic regres-
sion analysis, a positive family history of autoimmune rheumatic 
diseases was associated with a high risk of disease progression. 
Notably, the authors showed that interferon activity was strongly 
associated with progression to established SLE.

The above studies are extremely valuable in the underscor-
ing of the variable nature of iSLE. Importantly, most of the afore-
mentioned studies are retrospective in nature, which may result 
in underestimation of the progression rate. Logic would suggest 
that patients with a prolonged disease course are more likely to 
be included than those who quickly progressed to SLE. This is fur-
ther supported by the fact that the 2 prospective studies (11,19) 
demonstrated the highest percentage of iSLE patients whose 
illness progressed to SLE, i.e., 12% of patients after 1 year and 
57% after a median of 5.3 years. In summary, clinical symptoms 
and disease severity are highly variable among patients with 
iSLE, ranging from persistent mild disease to rapid progression 
to SLE and/or to critical organ involvement. In regard to clinical 
features, acute cutaneous lupus erythematosus, photosensitiv-
ity, serositis, ulcers, and renal involvement seem to occur more 
often in patients with iSLE whose illness progresses to SLE. These 
patients in whom iSLE progressed to SLE were younger. Further-
more, the presence of anti-dsDNA, anticardiolipin antibodies, 
and hypocomplementemia are all associated with progression to 
SLE. None of these findings, however, can accurately predict the 
establishment of SLE.

Consequences for iSLE classification after 
introduction of SLICC criteria

After the introduction of the SLICC criteria, various research-
ers have focused on the consequences for classification of clinically 
diagnosed lupus patients. A recent systematic review and meta-
analysis (21) showed that for adult patients with SLE, SLICC cri-
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teria increased sensitivity compared to ACR criteria (3) (94.6% 
versus 89.6%), while specificity decreased only slightly (95.5%  
versus 98.1%). Unfortunately, most studies on iSLE have noted 
the number of ACR criteria (3) but have not published individual 
patient characteristics. Therefore, for the purpose of the present 
review, retrospective evaluation of the consequences of applying 
SLICC criteria in these patient cohorts could not be performed.

Four additional studies have applied both ACR and SLICC 
criteria for the evalution of iSLE. In an observational study, Chen 
et al (15) included 77 hospitalized iSLE patients (iSLE being defined 
as fulfilling <4 ACR criteria [3]) in order to analyze the organ damage 
features of this group. The mean disease duration was 43 months, 
and the mean Systemic Lupus Erythematosus Disease Activity 
Index score was 6.6. When the authors applied SLICC criteria in 
this cohort, 43 patients (56%) who did not meet ACR criteria (3) 
were classified as having SLE. More than half of the patients (53%) 
had increased SLICC/ACR Damage Index scores, mostly because 
of pulmonary arterial hypertension, and renal and neurologic dam-
age. Seventeen of the 41 patients (41%) with increased damage 
scores did not meet any of the criteria sets.

In the study by Olsen et al (17) (Table 2), none of the identified 
70 patients with iSLE (which was defined as fulfilling 1–3 of the 
ACR criteria for SLE [3]) fulfilled the SLICC criteria for SLE classifi-
cation. The authors concluded that classification using the SLICC 
criteria would not change the prevalence of the incomplete lupus 
designation.

Aberle et  al (18) reviewed the medical records of 3,397 
patients with a clinical diagnosis of SLE and applied both ACR 
criteria (3) and SLICC criteria (4) in all patients. They identified 
440 subjects who only met 3 ACR criteria (3). One-third of these 
patients met SLICC criteria (4), resulting in 291 patients (9% of all 
patients with a clinical SLE diagnosis) who could not be classified 
by any of the criteria sets. A large proportion of these nonclas-
sifiable patients had organ involvement (6% serositis, 5% renal 
involvement, and 1% neurologic features) (Table 2). The majority 
of these patients were being treated with hydroxychloroquine and/
or steroids, and 10% required other immunosuppressive drugs.

Bortoluzzi et al (20) retrospectively selected 329 white patients 
with UCTD (defined as having signs and symptoms suggestive of a 
connective tissue disease), ANA positivity, and a disease duration 
of at least 1 year who did not fulfill ACR criteria (3). In retrospect, 
44 patients (13%) already fulfilled the SLICC criteria (4) at base-
line. The most commonly occurring clinical features in this group 
were acute cutaneous lupus erythematosus (55%), leukopenia 
(39%), and synovitis (30%). Regarding critical organ involvement, 
7 patients (16%) had neurologic involvement, and 2 (5%) had 
serositis, while none had renal involvement. Of the remaining 285 
patients with UCTD, information regarding 206 could be retrieved 
from 5 to 10 years follow-up. During this period, 14 patients with 
UCTD (5%) progressed to SLE according to ACR criteria (3), and 
23 patients (8%) according to SLICC criteria (4). Unfortunately, the 
authors did not show the disease characteristics of these groups.

In summary, more patients were classified as fulfilling 
SLICC criteria than ACR criteria for SLE (3), but still ~5% of the 
patients with a clinical diagnosis remained unclassified, as can be 
expected based on sensitivity. More importantly, a considerable 
share of these patients had serious organ involvement or required 
treatment with immunosuppressive drugs and thus might benefit 
from inclusion in clinical trials.

Requirement of consensus definition for iSLE

Currently, researchers use various definitions for iSLE, which 
hinders comparability between different studies. Ideally, a classifi-
cation system would include patients who are at the highest risk of 
developing SLE or serious organ damage and exclude those who 
have prolonged mild symptoms or develop other autoimmune 
diseases. Prospective documentation of a consistent group of 
patients with iSLE is required in order to better define the high-risk 
group and to determine predictive biomarkers. We therefore ask 
for the development of a consensus on the definition of iSLE in 
order to, ideally, combine forces and start prospective documen-
tation of patients with iSLE.

Definition of iSLE involves a very heterogeneous group of 
patients and should include patients at the highest risk of develop-
ing SLE. Mucocutaneous symptoms, serositis, renal symptoms, 
anticardiolipin antibodies, low complement, and anti-dsDNA are all 
associated with progression to SLE. Table 3 shows our proposed 

Table  3.  Proposed definition of incomplete systemic lupus 
erythematosus (iSLE)*

Required 
ANA at a titer ≥1:80 

And ≥1 of the following criteria†
Acute or subacute cutaneous lupus
Chronic cutaneous lupus
Oral or nasal ulcers
Alopecia
Synovitis
Serositis
Neurologic manifestation
Renal manifestation

Or 2 of the following criteria
Hematologic manifestations‡
Immunologic features§
Positive family history of autoimmune rheumatic disease¶

And not meeting ACR 1997 criteria and/or SLICC 2012 criteria for 
SLE

* ANA = antinuclear antibody; ACR = American College of Rheu- 
matology; SLICC = Systemic Lupus International Collaborating Clinics; 
SLE = systemic lupus erythematosus. 
† As specified in SLICC classification criteria. 
‡ As specified in SLICC classification criteria. Hematologic mani
festation included hemolytic anemia or leukopenia or lymphopenia 
(1,000/mm3 at least once) or thrombocytopenia (100,000/mm3 at 
least once). 
§ As specified in SLICC classification criteria. Immunologic features
included anti–double-stranded DNA or anti-Sm or antiphospholipid 
antibodies or low complement or direct Coombs’ test. 
¶ Included first- or second-degree relative with autoimmune rheu
matic disease. 
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definition of iSLE, which aims at including patients with a high risk 
of developing SLE or serious organ involvement. ANA positivity at 
a titer ≥1:80 should be present in order to be classified as iSLE, as 
this is a key feature of SLE. A recent systematic review and meta
regression (22) on the diagnostic value of ANAs reported 97.8% 
sensitivity and 74.7% specificity for ANA at a titer ≥1:80. Also, in 
an observational study (23) on 616 patients who were referred due 
to possible SLE, 99.5% of patients with early SLE were ANA pos-
itive. The ACR/EULAR international collaboration on development 
of new classification criteria for SLE has also reached consensus 

on using positive ANA at a titer ≥1:80 as entry criterion 5.
Furthermore, a definition of iSLE should include at least 1 

clinical symptom. The study by Ståhl Hallengren et  al included 
patients fullfilling at least 1 clinical criterion, and this group had 
the highest disease progression rate compared to other longi-
tudinal studies on iSLE (11). Moreover, all patients whose illness 
progressed to iSLE who were included in the study by Yusof et al 
(19) had fulfilled a clinical criterion. We propose the usage of the 
clinical criteria as recorded in the SLICC criteria (see Table 1), as 
these criteria have been demonstrated to be more sensitive than 
ACR criteria (21).

In the absense of other clinical symptoms, hematologic 
features have been shown not to be very specific for SLE (23). 
Therefore, hematologic features should be accompanied by other 
immunologic features in order to classify iSLE. Having a first- or 
second-degree relative with an autoimmune disease has also 
been identified as a risk factor for developing SLE and should 
therefore be taken into account in the definition of iSLE. Although 
there is not much literature on this subject, we weighted this factor 
similarly to an immunologic or hematologic feature. Based on our 
review, we expect to distinguish a patient group at high risk of 
progressive disease by using this definition of iSLE.

In summary, there is still a need for better recognition of 
patients with iSLE, especially those with a high-risk profile for 
progression to SLE and/or development of organ damage. In the 
present review, an overview of the current literature was presented 
in order to clarify the characteristics of high-risk patients. Prospec-
tive documentation of a consistent group of patients with iSLE is 
necessary in order to define the high-risk group and to determine 
predictive biomarkers. Therefore, it is necessary to reach a widely 
accepted consensus on a definition for lupus patients who do not 
fulfill the classification criteria for SLE.
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Application of Traditional and Emerging Methods for 
the Joint Analysis of Repeated Measurements With  
Time-to-Event Outcomes in Rheumatology
Liubov Arbeeva,1 Amanda E. Nelson,1 Carolina Alvarez,1 Rebecca J. Cleveland,1 Kelli D. Allen,2  
Yvonne M. Golightly,1 Joanne M. Jordan,1 Leigh F. Callahan,1 and Todd A. Schwartz1

Objective. The goal of this paper is to describe approaches for the joint analysis of repeatedly measured data with 
time-to-event end points, first separately and then in the framework of a single comprehensive model, emphasizing 
the efficiency of the latter approach. Data from the Johnston County Osteoarthritis (JoCo OA) Project will be used as 
an example to investigate the relationship between the change in repeatedly measured body mass index (BMI) and 
the time-to-event end point of incident worsening of radiographic knee OA that was defined as an increased Kellgren/
Lawrence grade in at least 1 knee over time.

Methods. First, we provide an overview of the methods for analyzing repeated measurements and time-to-event 
end points separately. Then, we describe traditional (Cox proportional hazards model [CoxPH]) and emerging (joint 
model [JM]) approaches, both of which allow combined analysis of repeated measures with a time-to-event end 
point in the framework of a single statistical model. Finally, we apply the models to JoCo OA data and interpret and 
compare the results from the different approaches.

Results. Applications of the JM (but not the CoxPH) showed that the risk of worsening radiographic OA is higher 
when BMI is higher or increasing, thus illustrating the advantages of the JM for analyzing such dynamic measures in 
a longitudinal study.

Conclusion. Joint models are preferable for simultaneous analyses of repeated measurement and time-to-event 
outcomes, particularly in the context of chronic disease, where dependency between the time-to-event end point and 
the longitudinal trajectory of repeated measurements is inherent.

Introduction

Longitudinal studies in which data are collected on partici-
pants over years or even decades have become increasingly pop-
ular in many epidemiologic fields. Such studies enable the analysis 
of individual-level changes, represented by repeatedly measured 
variables, and relate the changing patterns to the development 
of conditions or diseases causing disability and death. Despite 
the advantages of having multiple time points, there are several 
challenges associated with longitudinal data analysis, including 
non-ignorable missing data and sparse examination times (1–4).

In addition, to monitor risk factors and health outcomes, these 
studies collect repeated measurements that can encompass dif-
ferent types of variables. Two of these, longitudinally measured 
variables (e.g., biomarkers, patient-reported outcome measures) 
and the time to occurrence of an event (e.g., joint replacement, 
death), are very common in epidemiologic studies. These 2 types 
of data are often analyzed separately, without considering that 
longitudinal and survival processes are related (5). However, in 
a chronic disease context, dependency between time-to-event 
outcomes and longitudinal trajectories is inherent. The essential 
characteristic of such chronic conditions is that the course of 
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disease is different from one person to another and can change 
over time for the same person. The repeatedly measured varia-
bles can help in understanding the nature of disease progression 
and provide better estimation of the risk for the event of interest 
(e.g., death, development or progression of disease, or hospital 
discharge after surgery).

Investigation of such longitudinal relationships between 
repeatedly measured variables and the event of interest can pro-
vide clinically relevant information about the likely course of disease 
in a given person. For example, to optimize treatment strategies 
in early rheumatoid arthritis (RA), it is important to understand the 
relationship between disease activity over time, represented by 
longitudinal Disease Activity Score in 28 joints (DAS28) meas-
urements and time to subsequent radiographic joint damage. To 
evaluate the impact of the longitudinal response trajectory on the 
time-to-event outcome of interest over time, the data should be 
analyzed jointly (6). This is because neither the changes in evolu-
tion of longitudinal response (e.g., DAS28) nor the risk for event 
(e.g., radiographic progression of RA) are observable continuously 
over time, only intermittently during clinic visits. Such analyses 
require statistical methodology that can relate these unobservable 
values both to each other and to observable data. However, epi-
demiologic analyses for various chronic diseases, including rheu-
matic and musculoskeletal disease (RMD), which might benefit 
from jointly using these data, often do not utilize this approach. 
Our didactic study on the use of joint models in rheumatology is 
therefore designed to provide an example of this methodology in 
a field where these models are not yet commonly used, despite 
their appropriateness.

The main goals of this study are to describe mainstream 
statistical approaches for the analysis of such data, to convince 
the reader of the advantages of joint analysis of longitudi-
nal measures with time-to-event outcomes, and to demon-
strate how to apply these methods in a real and relevant data 
set using data from the Johnston County Osteoarthritis (JoCo 
OA) Project. First, we review the methods for analyzing time-
to-event and repeated measurements outcomes separately. 
Then we describe traditional (the Cox proportional hazards 
model [CoxPH]) and emerging (joint model [JM]) approaches, 
both of which allow combined analysis of repeated meas-
ures with time-to-event outcomes in the framework of a single,  
comprehensive statistical model. Finally, we apply the models to 
the JoCo OA data and then interpret and compare the results 
from the different approaches.

Overview of statistical models

Repeated measurements and linear mixed effects 
(LME) model. The LME model is a commonly used approach for 
analysis of repeated measurements (7). The term “mixed” refers 
to the fact that both fixed and random effects are included in the 
same model, where fixed effects relate to the mean cohort tra-

jectory, and random effects are individual-specific characteristics 
that take into account the variability in individual trajectories within 
a cohort. The LME model is valid under the assumption that the 
data are missing at random (8), which means that missing data 
can depend on some baseline characteristics and nonmissing 
observations of the outcome at previous visits. Since this might be 
assumed in many situations where missingness is not associated 
with the outcome of interest, the use of the LME model is justified 
in such applications. However, when attrition (e.g., due to death, 
worsening of symptoms, or ineligibility of the participant) depends 
on missing data (e.g., when it is considered “informative”), the data 
are called “missing not at random.” In this situation, as the data 
collection is discontinued for such a person, leading to informative 
missingness, modeling the evolution of the longitudinal response 
using the LME model may produce biased estimates (2,3,9).

Analysis of time-to-event data. When the main outcome 
under assessment is the length of the interval from the time origin 
until the occurrence of the event of interest (e.g., survival time until 
death), an appropriate methodology is required, as these data 
have unique properties that cannot be addressed with standard 
statistical procedures. First, methods based on the normal distri-
bution are not applicable for the analysis of survival times because 
they tend to be positively skewed, leading to violation of the nor-
mality assumption. Second and even more important, it is com-
mon that at the end of a study the actual survival times will often 
be censored, i.e., they are not observed for all individuals. The 
most common type of censoring, and the focus in this study, is 
right censoring that occurs when a participant does not experi-
ence the event of interest by the end of his or her study follow-up.

The CoxPH (10) is one of the most commonly used approaches 
for analysis of time-to-event outcomes. In this model, the measure 
of interest is a hazard, which is the instantaneous risk of the event 
given that a person has not experienced this event up to a specific 
time. CoxPH allows the analysis of the effect of 1 or more explan-
atory variables that may impact the hazard. Predictors that do not 
change over time are called “time-independent variables” and are 
among the most commonly analyzed in CoxPH. These predictors 
often include baseline measurements (e.g., exposure variables, 
risk factors, covariates, and/or confounders) or variables that do 
not change over time (e.g., sex, race, or a birth cohort).

The CoxPH model can also be extended to incorporate 
important explanatory variables that do change over the follow-up 
time period (11,12). This extension, CoxPH with time-varying 
covariates (TVCs), offers the opportunity to analyze data collected 
at different follow-up times for the same individual. In this model, 
a TVC is assumed to remain constant between 2 observations. 
Therefore, this model is appropriate for variables that either change 
in a known way (e.g., age, the dose of an administered drug) or 
exist independently of individuals (e.g., air pollution levels) (13). 
These covariates can be associated with the risk for the event but 
are independent of an individual’s time-to-event outcome.
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However, the CoxPH with TVCs has limited ability to handle 
explanatory variables with fluctuation and measurement errors 
(14). As an illustration, consider how longitudinal measurements 
of body mass index (BMI) are handled in the CoxPH with TVCs. 
To obtain the value of BMI, both weight and height need to be 
measured. Although height is largely stable in the adult popula-
tion, weight is subject to daily, weekly, and seasonal variability due 
to fluid balance, food consumption, and other factors such as 
physical exertion and external temperature (15,16). Measurement 
errors due to clothing and the calibration of the scale can lead 
to additional small fluctuations in weight and height. The intervals 
between visits might be intermittent, spanning a few weeks up to 
several years. In the CoxPH with TVCs, a value of BMI, observed 
and recorded only at a specific time, is assumed to remain con-
stant between 2 visits and may be associated with the risk of the 
event at future time points until the next visit, as shown graphically 
in Figure 1. The blue dotted line corresponds to the approxima-
tion of BMI trajectory in the CoxPH model, which is not a real-
istic description of the BMI evolution. Application of the CoxPH 
model to internal TVCs that can be collected only when the indi-
vidual is available (such as variables measured with errors and not 
fully observed) can lead to biased results and incorrect inference 
(14,17). Two approaches, developed in parallel in different scien-
tific areas and for different purposes, can capture the biologic fluc-
tuations and heterogeneity in longitudinal trajectories: stochastic 
process models (18–20) and JMs (21). In the next sections, we 
focus on the latter approach, which is more mainstream in bio-
statistics and thus may be easier to use for those familiar with 
the LME model and CoxPH. Review and discussion of stochastic 
process models can be found elsewhere (19).

JM. A JM consists of 2 submodels representing the dynam-
ics of the longitudinal submodel and the time-to-event submodel, 
as reviewed elsewhere (6,21–23). The fundamental difference 
between the JM and the CoxPH with TVCs is that, unlike CoxPH, 
the JM combines the time-to-event model with an appropriate 
model for the repeated measurements of TVCs to simultaneously 
make inference on time-to-event and longitudinal processes. The 
JM technique is more appropriate than the CoxPH with TVCs if 
there is interest in the effect of a TVC measured with error on 
the survival process. This is because the CoxPH with TVCs can 
severely underestimate the association between longitudinal and 
time-to-event data (17). In a standard specification of the JM, 
at each time point the risk of event is associated with an unob-
served value of the longitudinal outcome at the same time (Fig-
ure 1) . These are usually called the true values, as opposed to the 
observed longitudinal data (collected intermittently and potentially 
with errors), which are represented in the longitudinal submodel 
as a sum of such unobserved true values and errors (usually mod-
eled using the LME model). The flexibility in parameterization of 
the JM (e.g., through various extensions available in the R pack-
age JM [24]) allows incorporating not only the current value but 

also dynamic characteristics of the longitudinal response in the 
model, e.g., the rate of change, cumulative history, or deviations 
from population trajectories (5). The survival process can depend 
on the current slope of the longitudinal trajectory (Figure 1) to cap-
ture the situation where 2 individuals have comparable levels of a 
biomarker but the rate of change is different and affects the risk 
of an event. We use the term “current” for both slope and value, 
meaning that the risk for an event at a particular time depends 
on the concurrent unobserved value of longitudinal outcome as 
well as the concurrent value of the slope of the true longitudinal 
trajectory. Alternatively, cumulative effects parameterization allows 
the entire history of a longitudinal response to be associated with 
the hazard of event.

Although JMs are becoming increasingly popular in different 
epidemiologic fields such as oncology (25,26), cardiovascular dis-
eases (27), nephrology (28), and endocrinology (29), these models 
are still not widely applied in rheumatology. Recently, the JM was 
applied to a sample of seropositive arthralgia patients to inves-
tigate whether a change in individual levels of anti–citrullinated 
protein antibodies (ACPAs) over time improves the prediction of 
future RA (30). Higher time-dependent ACPA levels were found to 
be significantly associated with the development of arthritis, but 
no difference over baseline measurements of ACPA levels was 
shown in predictive models.

In our working example, we use repeatedly measured BMI, 
which is a useful indicator of obesity, to investigate the effect of 
the longitudinal trajectory of BMI on the time-to-event outcome of 
worsening Kellgren/Lawrence (K/L) grade in the knee. We chose 

Figure 1.  Graphic representation of the features of the joint model 
(JM). The blue solid line shows the survival function. The diamonds 
represent individual body mass index (BMI) measurements 
observed at the baseline and 3 follow-up visits. The blue dotted 
line corresponds to the approximation of BMI trajectory in the Cox 
proportional hazards model. A value of BMI, observed and recorded 
only at a specific time, is assumed to remain constant between 2 
visits and may be associated with the risk for event until the next 
visit. The red line represents the approximation of the longitudinal 
trajectory in the JM, where the risk for an event is associated with 
the level of BMI and its change (arrows) at each time point.
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this relationship given that 1) obesity is 1 of the most important 
knee OA risk factors (31), 2) BMI is a good example of a biomarker 
potentially measured with error, 3) BMI is a potentially modifiable 
risk factor, and 4) the rate and direction of change in BMI may be 
as important as the value itself. Various parameterizations of the 
JM can address known and previously discussed challenges in 
studying change in BMI and its effect on OA outcomes (32). We 
emphasize that most (if not all) of the challenges in dealing with 
repeatedly measured BMI and its change can be applied to other 
relevant variables in studying their impact on OA and other RMDs.

Working example

Data and measurements. The data used in this study 
were collected from non-Hispanic African American and Cauca-
sian men and women enrolled in the JoCo OA, which is an ongo-
ing, longitudinal population-based prospective study with clearly 
defined and repeatedly measured radiographic OA, comorbid-
ities, various biomarkers, sociodemographic, and physiological 
variables (33). JoCo OA was designed to determine risk factors 
associated with the occurrence and progression of OA. Our final 
sample comprised 2,286 participants with 5,325 longitudinal 
measurements of BMI collected at 4 time points: baseline and 
3 follow-up visits (see Supplementary Appendix A,  available on 
the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23881/​abstract, for the details on the selec-
tion procedure and for the baseline characteristics of this cohort). 
The time-to-event outcome, worsening radiographic OA of the 
knee, was defined as an increase of 1 K/L grade or more from 
any baseline K/L score in at least 1 knee between 2 consecutive 
or intermittent visits. It is important to note that we include here 
a working example with a simplified analysis for brevity. In prac-
tice, other relevant covariates might be included in the analysis as 
appropriate.

Statistical analysis. The counting process form of the 
CoxPH model (12,13) was used to evaluate the association of 2 
TVCs, BMI and its change, with worsening knee radiographic OA 
with adjustment for baseline age and sex. The change in BMI was 
defined as the percent change in BMI relative to a participant’s 
measurement at the previous visit. We used hazard ratios (HRs) 
as measures of these associations, and 95% confidence intervals 
(95% CIs) were used to express the variation around the HRs.

We fitted several JMs using the R package JM (24). A full 
mathematical description of the models, variables transforma-
tion, and interpretation of coefficients are provided in Supple-
mentary Appendix A (available at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23881/​abstract). In short, the first (basic) model 
(JM1) consists of the LME model for longitudinal BMI data with 
normally distributed errors and a survival submodel that specifies 
the hazard of event as a function of the true longitudinal outcome 
(see definition in Joint Model section) with adjustment for sex 

and age at the baseline. In the second joint model (JM2), the risk 
depends on the slope of the true trajectory at that time. In the third 
model (JM3), we assumed that the risk depends on both the cur-
rent true level and the slope of BMI at the same time. JM3 allows 
us to capture the situations where participants have similar levels 
of BMI but different rates of change, with this difference affecting 
the risk of an event. Longitudinal BMI values were logarithmically 
transformed to satisfy assumptions of normality. In this case, a 
1-unit increase of current level of TVC, which is log (BMI) now, cor-
responds to a 2.7-fold (a mathematical constant, the base of the 
natural logarithm) difference in BMI. Therefore, the HR quantifies 
how many times higher the risk of event is for the same participant 
if his or her BMI at the same time would be 2.7 times higher. To 
convert it to more interpretable terms, we calculated the HR for a 
difference of 25% in BMI at the same time for the same participant 
as follows: as a 25% difference (e.g., 1.25 fold) in BMI level corre-
sponds to log(1.25) = 0.22 in log (BMI), the HR for BMI (Table 1)  
was calculated relative to 0.22 units of difference in the current 
level of log (BMI) by taking the exponent of the corresponding 
coefficient multiplied by 0.22. For the longitudinal change of the 
BMI, we calculated the HR for BMI slope (Table 1) that compares 
an increase of 10% over time to an increase of 5% following the 
procedure previously described (28). The 3 JMs were compared 
using the Bayesian information criterion (BIC) (34) to select the 

model with the best fit.

Results. In the CoxPH model with TVCs, higher BMI was 
associated with higher risk of worsening knee radiographic OA 
(HR per 5 kg/m2 [1.49, 95% CI 1.42–1.55]). We also found, 
counterintuitively, that increasing BMI over time was negatively 
associated with worsening radiographic OA; specifically, the risk 
decreased by 8% for each 5% increase in BMI over time (HR per 
5% 0.92 [95% CI, 0.89–0.95]). The results for JM analysis are 

Table  1.  Three joint models (JMs) for longitudinal body mass 
index (BMI) and/or longitudinal change in BMI with risk for incident-
worsening radiographic osteoarthritis of the knee fitted to data from 
the Johnston County Osteoarthritis Project: examples of clinical 
interpretation*

HR for BMI† HR for BMI slope‡
JM1§ 1.39 (1.31–1.48) NA
JM2¶ NA 4.59 (2.14–9.86)
JM3# 1.37 (1.29–1.46) 2.29 (1.20–4.36)

* Values are HR (95% confidence interval). BMI is the concurrent 
value of body mass index, logarithmically transformed. HR = hazard 
ratio; NA = not applicable. 
† HR for a difference of 25% in BMI at the same time point for the 
same individual. 
‡ HR for increase of 10% vs. increase of 5% at the same time point for 
the same individual. 
§ The survival process depends on the level of BMI at the same time 
point (concurrent level). 
¶ The survival process depends on the slope of BMI at the same time 
point (concurrent slope). 
# The survival process depends on the level of BMI and slope of BMI 
at the same time point. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23881/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23881/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23881/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23881/abstract
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shown in Table 2, representing the coefficients from the survival 

submodel.
As previously mentioned, the corresponding coefficients can 

be interpreted in terms of percentage change rather than absolute 
change (see Supplementary Appendix A, available on the Arthritis  
Care & Research web site at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23881/​abstract). As shown in Table 1, JM1 finds 
the association between the current level of BMI and the risk for 
increase of K/L grade such that if a participant had a 25% higher 
BMI at the same time, the K/L grade risk was 1.4 times as high 
(HR 1.39 [95% CI 1.31–1.48]). In JM2, the slope of BMI trajectory 
was found to have an association with incident increase in the K/L 
grade: if BMI increased by 10% each year, the risk for increase of 
the K/L grade is 4.6 times as high as compared to a 5% increase 
(HR 4.59 [95% CI 2.14–9.86]). In JM3, both the current level (HR 
1.37, 95% CI 1.29–1.46) and the slope of BMI (HR 2.29 [95% 
CI 1.20–4.36]) were associated with worsening radiographic OA. 
According to the BIC (Table 1), JM3 provided the best fit to the 
data compared to JM1 and JM2, providing evidence that the risk 
for an increase of the K/L grade depends on both the level and the 
slope of BMI at the current time.

Discussion

JM of longitudinal and time-to-event data continues as 
an emerging area of statistical research. In the current study, 
we demonstrated the usefulness and interpretability of the JM 
approach in rheumatology using OA, which is the most com-
mon form of arthritis and a leading cause of disability among 

adults in the US (35,36) and worldwide, as an exemplar. The 
association of body mass change over time in relation to OA 
is especially important because obesity is increasing in prev-
alence worldwide (37–40). While many studies have provided 
strong evidence that lowering body mass can reduce risk of 
OA development and progression (41–43), some have failed to 
demonstrate this effect potentially due to methodologic difficul-
ties in statistical analyses (32,44). Our results using the JM, but 
not the CoxPH, show that the risk of increasing K/L grade (i.e., 
worsening radiographic OA) is higher when BMI is increasing, 
illustrating the advantages of the JM for such dynamic meas-
ures in a longitudinal study. We chose OA as an example to 
emphasize the importance of detailed modeling of longitudi-
nal trajectories of patient outcomes, in particular in relation to 
development of an RMD that is strongly associated with older 
age (45) and frequently is slowly progressive. One can envision 
such individual trajectories as personal histories of change that 
led one individual to developing OA and allowed another one 
to avoid this health problem. Taking advantage of longitudinal 
design together with this methodology can improve our under-
standing of the mechanisms of development and progression of 
such conditions, which in turn can optimize disease prevention 
and management strategies.

The JM approach can be applied to a very broad family of 
RMDs that affect people at almost any age. Application of the JM 
to clinical questions in rheumatology may clarify why the course 
and the severity of symptoms of RMDs vary from patient to patient 
and from time to time. In addition, these models provide a natu-
ral structure for dynamic individual predictions of longitudinal and 
time-to-event outcomes (46), which is important both from patient 
and health provider perspectives. In recent studies (47,48), JMs 
were used as a tool for optimizing medical screening strategies, 
in particular the frequency of the screening procedures for peo-
ple with different stages of disease, which may allow providers to 
choose the optimal screening schedule for individuals based on 
their longitudinal history. This approach could maximize benefits 
and minimize medical costs by avoiding unnecessary screenings 
and interventions.

Importantly, JMs are also being increasingly used in 
clinical trials that are crucial to advancements in new drug 
therapies. In this setting, dropout is a common problem and 
raises concerns of nonignorable missing data, in particular if 
a participant leaves the study due to an adverse reaction or 
a lack of effectiveness of the treatment. As mentioned above, 
ignoring the mechanism of missingness can cause bias in 
estimates in the LME model. Perhaps most notably, in the JM 
framework, dropout time can be considered a survival out-
come, while a longitudinal submodel can be used to obtain 
valid inferences with the correction for nonignorable dropout. 
Several studies have suggested that JMs of longitudinal data 
and time to dropout not only provide unbiased estimates 
(6,25) but also may require smaller sample sizes to achieve 

Table  2.  Three joint models (JMs) for longitudinal body mass 
index (BMI) and/or longitudinal change in BMI with risk for incident-
worsening radiographic osteoarthritis of the knee fitted to data from 
the Johnston County Osteoarthritis Project: comparison under 
different parameterizations*

JM1† 
(BIC 2,604.2)

JM2‡ 
(BIC 2,688.7)

JM3§ 
(BIC 2,602.8)

Sex, male vs. 
female

–0.08 (0.06) –0.09 (0.06) –0.09 (0.06)

Age at 
baseline, 
years¶

0.27 (0.03)# 0.23 (0.03)# 0.29 (0.03)#

Log (BMI) 1.48 (0.14)# NA 1.42 (0.14)#
Slope of log 

(BMI)
NA 32.76 (8.38)# 17.77 (7.09)#

* Values are the coefficients with SEs from the time-to-event 
submodel. BMI is the concurrent value of body mass index. BIC = 
Bayesian Information Criterion; NA = not applicable. 
† The survival process depends on the level of BMI at the same time 
point (concurrent level). 
‡ The survival process depends on the slope of BMI at the same time 
point (concurrent slope). 
§ The survival process depends on the level of BMI and slope of BMI 
at the same time point. 
¶ Variable was standardized to have mean of 0 and standard 
deviation of 1. 
# Significant. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23881/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23881/abstract
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comparable power (49), both critical in driving the field for-
ward to improve knowledge and health.

JMs also have some important limitations. First, JMs are 
computationally intensive and time consuming, which might 
pose logistical challenges for researchers working with large 
data sets. Second, as with any statistical modeling, the LME 
model and the CoxPH (the 2 submodels of the JM) are based 
on specific assumptions, which should be properly tested. This 
prerequisite step becomes more critical when these models 
are being used jointly and should not be ignored. Our aim in 
this study was to provide an introduction to the JM approach 
that is accessible for a clinical audience not necessarily familiar  
with advanced topics in mixed effects modelling and time- 
to-event analysis; we emphasize that collaboration with statis-
tical experts in these methods is important in applying JMs in 
practice.

In conclusion, the potential applications of the JM in RMDs 
is underappreciated, although these methods provide clear 
advantages over traditional approaches (while incorporating 
strengths from these methods). Software is readily available to 
facilitate applications of the JM to address relevant research 
and clinical questions in a statistically rigorous and coherent 
fashion. We hope to stimulate interest in these models among 
RMD researchers with increased benefits to society through 
their use.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication.

REFERENCES
	1. Gibbons RD, Hedeker D, DuToit S. Advances in analysis of longitu-

dinal data. Annu Rev Clin Psychol 2010;6:79–107.

	2. Rubin DB. Inference and missing data. Biometrika 1976;63:581–90.

	3. Saha C, Jones MP. Asymptotic bias in the linear mixed effects model 
under non-ignorable missing data mechanisms. J R Stat Soc Series
B Stat Methodol 2005;67:167–82.

	4. Carroll RJ. Measurement error in nonlinear models: a modern per-
spective. 2nd ed. Boca Raton: Chapman & Hall/CRC; 2006.

	5. Rizopoulos D. Joint models for longitudinal and time-to-event data:
with applications in R. Boca Raton: Taylor & Francis Group/CRC; 2012.

	6. Asar O, Ritchie J, Kalra PA, Diggle PJ. Joint modelling of repeated
measurement and time-to-event data: an introductory tutorial. Int J
Epidemiol 2015;44:334–44.

	7. Laird NM, Ware JH. Random-effects models for longitudinal data.
Biometrics 1982;38:963–74.

	8. Verbeke G, Molenberghs G. Linear mixed models for longitudinal
data. New York: Springer; 2000.

	9. Little RJ, Rubin DB. Statistical analysis with missing data. 2nd ed.
Hoboken: Wiley; 2002.

	10. Cox DR. Regression models and life-tables. J R Stat Soc Series B
Stat Methodol 1972;34:187–220.

	11. Cox DR. Partial likelihood. Biometrika 1975;62:269–76.

	12. Therneau TM, Grambsch PM. Modeling survival data: extending the
Cox model. New York: Springer; 2000.

	13. Allison PD, SAS Institute. Survival analysis using the SAS system: a
practical guide. Cary (NC): SAS Institute; 1995.

	14. Prentice RL. Covariate measurement errors and parameter-estimation 
in a failure time regression-model. Biometrika 1982;69:331–42.

	15. Stevens J, Truesdale KP, McClain JE, Cai J. The definition of weight
maintenance. Int J Obes (Lond) 2006;30:391–9.

	16. Orsama AL, Mattila E, Ermes M, van Gils M, Wansink B, Korhonen I.
Weight rhythms: weight increases during weekends and decreases
during weekdays. Obes Facts 2014;7:36–47.

	17. Sweeting MJ, Thompson SG. Joint modelling of longitudinal and
time-to-event data with application to predicting abdominal aortic
aneurysm growth and rupture. Biomed J 2011;53:750–63.

	18. Yashin AI, Arbeev KG, Akushevich I, Kulminski A, Akushevich L,
Ukraintseva SV. Stochastic model for analysis of longitudinal data on
aging and mortality. Math Biosci 2007;208:538–51.

	19. Yashin AI, Arbeev KG, Akushevich I, Kulminski A, Ukraintseva SV,
Stallard E, et al. The quadratic hazard model for analyzing longi-
tudinal data on aging, health, and the life span. Phys Life Rev
2012;9:177–88.

	20. Woodbury MA, Manton KG. Random-walk model of human mortality 
and aging. Theor Popul Biol 1977;11:37–48.

	21. Tsiatis AA, Davidian M. Joint modeling of longitudinal and time- 
to-event data: an overview. Stat Sin 2004;14:809–34.

	22. Proust-Lima C, Sene M, Taylor JM, Jacqmin-Gadda H. Joint latent
class models for longitudinal and time-to-event data: a review. Stat
Methods Med Res 2014;23:74–90.

	23. Elashoff RM, Li G, Li N. Joint modeling of longitudinal and time- 
to-event data. Boca Raton: Chapman and Hall/CRC; 2016.

	24. Rizopoulos D. JM: An R package for the joint modelling of longitudi-
nal and time-to-event data. J Stat Softw 2010;35:1–33.

	25. Ediebah DE, Galindo-Garre F, Uitdehaag BM, Ringash J, Reljneveld
JC, Dirven L, et al. Joint modeling of longitudinal health-related qual-
ity of life data and survival. Qual Life Res 2015;24:795–804.

	26. Proust-Lima C, Taylor JM. Development and validation of a dynamic
prognostic tool for prostate cancer recurrence using repeated meas-
ures of posttreatment PSA: a joint modeling approach. Biostatistics
2009;10:535–49.

	27. Gilani N, Kazemnejad A, Zayeri F, Hadaegh F, Azizi F, Khalili D.
Anthropometric indices as predictors of coronary heart disease risk:
joint modeling of longitudinal measurements and time to event. Iran
J Public Health 2017;46:1546–54.

	28. Fournier MC, Foucher Y, Blanche P, Buron F, Giral M, Dantan E. A
joint model for longitudinal and time-to-event data to better assess
the specific role of donor and recipient factors on long-term kidney
transplantation outcomes. Eur J Epidemiol 2016;31:469–79.

	29. Jafari-Koshki T, Mansourian M, Hosseini SM, Amini M. Associa-
tion of waist and hip circumference and waist-hip ratio with type
2 diabetes risk in first-degree relatives. J Diabetes Complications
2016;30:1050–5.

	30. Van Beers-Tas MH, Stuiver MM, de Koning MH, van de Stadt LA,
Geskus RB, van Schaardenburg D. Can an increase in autoantibody
levels predict arthritis in arthralgia patients? Rheumatology (Oxford)
2018;57:932–4.

	31. Manninen P, Riihimaki H, Heliovaara M, Makela P. Overweight,
gender and knee osteoarthritis. Int J Obes Relat Metab Disord
1996;20:595–7.

	32. Abbate LM, Jordan JM. Weight change in osteoarthritis. Osteoarthri-
tis Cartilage 2012;20:268–70.

	33.	Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD,
Woodard J, et al. Prevalence of knee symptoms and radiographic
and symptomatic knee osteoarthritis in African Americans and Cau-
casians: the Johnston County Osteoarthritis project. J Rheumatol
2007;34:172–80.



JOINT MODELING IN RHEUMATOLOGY |      621

	34.	Schwarz G. Estimating dimension of a model. Ann Stat 1978;6: 
461–4.

	35.	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.

	36.	Neogi T. The epidemiology and impact of pain in osteoarthritis.  
Osteoarthritis Cartilage 2013;21:1145–53.

	37.	Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,  
Flegal KM. Prevalence of overweight and obesity in the United 
States, 1999–2004. JAMA 2006;295:1549–55.

	38.	Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence 
of high body mass index in US children and adolescents, 2007–
2008. JAMA 2010;303:242–9.

	39.	Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends 
in obesity among US adults, 1999–2008. JAMA 2010;303:235–41.

	40.	Popkin BM, Gordon-Larsen P. The nutrition transition: worldwide 
obesity dynamics and their determinants. Int J Obes Relat Metab 
Disord 2004;28:S2–S9.

	41.	Felson DT, Zhang YQ, Anthony JM, Naimark A, Anderson JJ. 
Weight-loss reduces the risk for symptomatic knee osteoarthri-
tis in women: the Framingham study. Ann Intern Med 1992;116: 
535–9.

	42.	Anandacoomarasamy A, Leibman S, Smith G, Caterson I, Giuffre 
B, Fransen M, et al. Weight loss in obese people has structure-

modifying effects on medial but not on lateral knee articular cartilage. 
Ann Rheum Dis 2012;71:26–32.

	43.	Christensen R, Bartels EM, Astrup A, Bliddal H. Effect of weight re-
duction in obese patients diagnosed with knee osteoarthritis: a sys-
tematic review and meta-analysis. Ann Rheum Dis 2007;66:433–9.

	44.	Messier SP, Loeser RF, Miller GD, Morgan TM, Rejeski WJ, Sevick 
MA, et al. Exercise and dietary weight loss in overweight and obese 
older adults with knee osteoarthritis: the arthritis, diet, and activity 
promotion trial. Arthritis Rheum 2004;50:1501–10.

	45.	Murphy L, Schwartz TA, Helmick CG, Renner JB, Tudor G, Koch 
G, et al. Lifetime risk of symptomatic knee osteoarthritis. Arthritis 
Rheum 2008;59:1207–13.

	46.	Rizopoulos D. Dynamic predictions and prospective accuracy in 
joint models for longitudinal and time-to-event data. Biometrics 
2011;67:819–29.

	47.	Rizopoulos D, Taylor JM, Van Rosmalen J, Steyerberg EW, Takkenberg 
JJ. Personalized screening intervals for biomarkers using joint models 
for longitudinal and survival data. Biostatistics 2016;17:149–64.

	48.	Tomer A, Nieboer D, Roobol MJ, Steyerberg EW, Rizopoulos D. 
Personalized schedules for surveillance of low-risk prostate cancer 
patients. Biometrics 2019;75:153–62.

	49.	Chen LM, Ibrahim JG, Chu HT. Sample size and power determi-
nation in joint modeling of longitudinal and survival data. Stat Med 
2011;30:2295–309.



622  

Arthritis Care & Research
Vol. 72, No. 5, May 2020, pp 622–629
DOI 10.1002/acr.23887
© 2019, American College of Rheumatology

Racial and Ethnic Differences in the Prevalence and Time to 
Onset of Manifestations of Systemic Lupus Erythematosus: 
The California Lupus Surveillance Project
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Objective. The California Lupus Surveillance Project (CLSP) is a population-based registry of individuals with 
systemic lupus erythematosus (SLE) residing in San Francisco County, California from 2007 to 2009, with a special 
focus on Asian/Pacific Islander and Hispanic patients. We used retrospective CLSP data to analyze racial and ethnic 
differences in lupus manifestations and in the timing and risk of developing severe manifestations.

Methods. A total of 724 patients with SLE were retrospectively identified. Prevalence ratios (PRs) of SLE manifes-
tations were calculated using Poisson regression models stratified by race/ethnicity and adjusted for sex, age at SLE 
diagnosis, and disease duration. We studied onset of severe SLE manifestations after SLE diagnosis using Kaplan-
Meier methods to examine time-to-event and Cox proportional hazards regression models to estimate hazard ratios 
(HRs). White patients were the referent group in all analyses.

Results. African Americans, Asian/Pacific Islanders, and Hispanic patients had increased prevalence of renal  
manifestations (PR 1.74 [95% confidence interval (95% CI) 1.40–2.16], PR 1.68 [95% CI 1.38–2.05], and PR 1.35 [95% 
CI 1.05–1.74], respectively). Furthermore, African Americans had increased prevalence of neurologic manifestations 
(PR 1.49 [95% CI 1.12–1.98]), and both African Americans (PR 1.09 [95% CI 1.04–1.15]) and Asian/Pacific Islanders 
(PR 1.07 [95% CI 1.01–1.13]) had increased prevalence of hematologic manifestations. African Americans, Asian/
Pacific Islanders, and Hispanic patients, respectively, had higher risk of developing lupus nephritis (HR 2.4 [95% CI 
1.6–3.8], HR 4.3 [95% CI 2.9–6.4], and HR 2.3 [95% CI 1.4–3.8]) and thrombocytopenia (HR 2.3 [95% CI 1.1–4.4], HR 
2.3 [95% CI 1.3–4.2], and HR 2.2 [95% CI 1.1–4.7]). Asian/Pacific Islander and Hispanic patients had higher risk of 
developing antiphospholipid syndrome (HR 2.5 [95% CI 1.4–4.4] and HR 2.6 [95% CI 1.3–5.1], respectively).

Conclusion. This is the first epidemiologic study comparing lupus manifestations among 4 major racial and ethnic  
groups. We found substantial differences in the prevalence of several clinical SLE manifestations among racial/ethnic 
groups and discovered that African Americans, Asian/Pacific Islanders, and Hispanic patients are at increased risk of 
developing several severe manifestations following a diagnosis of SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic, systemic 
autoimmune disease with a higher prevalence among women 
and racial/ethnic minority groups in the US. However, despite the 
growing numbers of Asian/Pacific Islander and Hispanic individ-
uals in the US, little is known about the epidemiology of SLE in 

these populations. To produce contemporary population-based 
estimates of incidence and prevalence among various racial/ethnic 
groups, the Centers for Disease Control and Prevention funded 
4 SLE registries across the US, including 2 registries in Califor-
nia and New York, which focused on Hispanic and Asian patients. 
Estimates from the registries showed, relative to white patients, 
increased incidence and prevalence of SLE among African  
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Americans (1–4), Asian/Pacific Islanders (2,3), Hispanics (2,3), 
and American Indian/Alaskan Natives (5). Specifically, the Cali-
fornia Lupus Surveillance Project (CLSP) reported a higher age-
standardized incidence and prevalence of SLE among African 
American (15.5 per 100,000 person-years; 241.0 per 100,000 
persons), Asian/Pacific Islander (4.1 per 100,000 person-years; 
90.5 per 100,000 persons), and Hispanic (4.2 per 100,000 person-
years; 94.7 per 100,000 persons) populations relative to the white 
population (2.8 per 100,000 person-years; 55.2 per 100,000 per-
sons) in San Francisco County during the period 2007–2009 (3).

There are currently few studies exploring racial/ethnic differ-
ences in the clinical presentation of SLE or in the development 
of severe disease manifestations subsequent to SLE diagnosis. 
Previous epidemiologic studies suggest that in comparison to 
white patients, African Americans have a more severe presenta-
tion of symptoms at the time of diagnosis of SLE and a worse 
overall prognosis (6–8). However, no studies to date have ana-
lyzed racial/ethnic differences in manifestations of SLE across the 
4 major racial/ethnic populations in the US, including Asian/Pacific 
Islander and Hispanic groups. To address this gap, we examined 
data gathered in the CLSP to investigate racial/ethnic differences 
in the prevalence of SLE manifestations and in the risk and timing 
of development of severe SLE manifestations.

PATIENTS AND METHODS

CLSP. The California Department of Public Health collab-
orated with the University of California, San Francisco (UCSF) 
to conduct the CLSP, as described elsewhere (3). The State of 
California’s institutional review board granted a waiver for this 
public health surveillance activity. The project was reviewed and 
approved by the UCSF Committee on Human Research.

Source population/catchment area criteria. The CLSP 
includes residents of San Francisco County within the period 2007–
2009. According to US census estimates during this time period, 

San Francisco County averaged 790,582 residents, with the fol-
lowing racial/ethnic composition: 56% white, 35% Asian/Pacific 
Islander, 7% African American, and 1% American Indian/Alaskan 
Native (9). At total of 15% of the San Francisco population identified 
as Hispanic, which is reported separately from race in the census.

Case definition and case ascertainment. In this 
analysis, patients were defined as having SLE if they met at 
least 4 of the 11 American College of Rheumatology revised 
classification criteria defined in 1982 and updated in 1997 
(10,11). Three primary sources within the catchment area pro-
vided possible cases of SLE: 1) community rheumatology and 
nephrology clinics, 2) community hospitals, and 3) integrated 
health care systems including UCSF, Kaiser Permanente, and 
the San Francisco Veterans Administration Medical Center.  
Potential cases were identified using International Classification 
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)  
diagnostic codes 710.0 (SLE), 695.4 (discoid lupus), 710.8  
(other specified connective tissue disease), and 710.9 (unspe
cified connective tissue disease). Secondary sources of pos-
sible cases of SLE included a commercial laboratory, which 
was queried for a comprehensive panel of SLE-related sero-
logic tests, as described elsewhere (3), and the California Office 
of Statewide Health Planning and Development hospital dis-
charge database, which was queried for patient discharges 
using similar ICD-9-CM codes to those listed above.

Clinical manifestations of SLE. A defined number of SLE 
manifestations for each patient was ascertained from the medical 
records and grouped within the following 10 categories: mucocu-
taneous, serositis, cardiovascular, pulmonary, gastrointestinal, 
renal, musculoskeletal, neurologic, hematologic, and serologic. 
The manifestations included under each of these categories are 
defined in Supplementary Table 1, available on the Arthritis Care 
& Research web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23887/​abstract.

Severe SLE manifestations. We evaluated the following 
4 severe SLE manifestations: lupus nephritis, thrombocytopenia, 
neuropsychiatric lupus, and antiphospholipid syndrome (APS). 
Because the initial chart abstraction did not include the date of 
first appearance of lupus nephritis, we created a surrogate varia-
ble to define nephritis. Any 1 of the following 3 laboratory meas-
urements were used to define onset of lupus nephritis: 24-hour  
proteinuria >500 mg, 24-hour urine protein-to-creatinine ratio >0.5, 
or spot protein-to-creatinine ratio >0.5. We chose this approach to 
increase the sensitivity of our definition and to ensure that barriers 
to access and timely diagnosis did not bias the results. A pos-
itive laboratory result nearest to the date of SLE diagnosis was 
used to define the time of initial lupus nephritis. Thrombocytopenia 
was defined as a documented platelet count below 100,000/mm3  
or physician documentation of thrombocytopenia that was 

SIGNIFICANCE & INNOVATIONS
•	 Relative to white patients, racial/ethnic minority 

groups (African Americans, Asian/Pacific Islanders, 
and Hispanics) develop more renal, neurologic, 
and hematologic manifestations. They also develop 
lupus nephritis, thrombocytopenia, and antiphos-
pholipid syndrome sooner.

•	 To our knowledge, this is the first study to use rig-
orous epidemiologic methods to compare systemic 
lupus erythematosus (SLE) manifestations across 4 
racial/ethnic groups, including Asian/Pacific Island-
ers and Hispanics, 2 understudied populations.

•	 Data collected in this study support the importance 
of increased clinician awareness of SLE and its ac-
celerated progression in these racial/ethnic groups.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23887/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23887/abstract
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unexplained by medication effect or other causes. Neuropsychi-
atric manifestations included seizures, psychosis, and acute con-
fusional state, as documented in the medical record. APS was 
diagnosed when there was physician documentation of APS. We 
also evaluated a combined outcome, i.e., development of any of 
lupus nephritis, thrombocytopenia, neuropsychiatric lupus, or APS.

Independent variables. Information regarding sex and race/
ethnicity was abstracted from each medical chart. For race/ethnicity,  
patients were classified as non-Hispanic white, non-Hispanic Afri-
can American, Asian/Pacific Islander, or Hispanic (any race). Non-
Hispanic whites and non-Hispanic African Americans will be referred 
to as whites and African Americans from this point forward. Amer-
ican Indian/Alaskan natives were identified but excluded from this 
analysis due to small sample size (n = 4). Physician-documented 
age at SLE diagnosis was categorized into discrete age groups 
(≤18, 19–29, 30–39, 40–49, ≥50 years) to account for the nonlin-
ear relationship between age of diagnosis and disease manifesta-
tions. At the time of chart abstraction, the number of years since 
physician-documented date of SLE diagnosis for each subject 
was calculated from the year of last reported clinic visit date. Years 
elapsed since diagnosis were categorized as ≤5, 6–10, 11–15, and 
≥16 years, which approximated quartiles of the distribution.

Statistical analyses. Baseline racial/ethnic differences 
in age at SLE diagnosis and years since SLE diagnosis were 
examined using analysis of variance after determining that the 

assumptions of normally distributed residuals and homosce-
dasticity were not violated. Racial/ethnic differences in sex and 
SLE manifestation were examined using a chi-square test. Race/
ethnicity-stratified prevalence ratios (PRs) for clinical manifesta-
tions of SLE were calculated using a Poisson regression model 
with robust error variances, including the covariates sex, age at 
SLE diagnosis, and years since SLE diagnosis. A Poisson regres-
sion model was chosen due to its appropriateness for analyzing 
count data and the rarity of individual manifestations. Kaplan-
Meier survival methods were used to examine the time to onset 
of severe SLE manifestations. Individual survival curves repre-
senting separate race/ethnicities were compared using the log 
rank test. For each severe SLE manifestation, we estimated the 
risk of manifestation onset for race/ethnicity, sex, and age at SLE 
diagnosis using multivariable Cox proportional hazards regres-
sion models that modeled the 3 characteristics simultaneously. 
Higher hazard ratios (HRs) indicated a greater risk of develop-
ing specific manifestations over time. The proportional-hazards 
assumption based on Schoenfeld residuals was validated for 
appropriateness of use.

For the survival analysis, the baseline was defined as the 
physician-documented date of SLE diagnosis. Subjects who 
already had evidence of the reported outcome(s) at the time of 
SLE diagnosis were treated as having developed the outcome on 
day 1. Patients were included in follow-up until they developed 
the outcome of interest or were censored at the date of the last 
recorded clinical visit through 2009. A chi-square test was used 

Table 1.  Baseline characteristics of prevalent cases of systemic lupus erythematosus (SLE) in San Francisco County, 2007–2009*

Variable
Total 

(n = 724)

Non-Hispanic  
white  

(n = 189)

Non-Hispanic 
African American 

(n = 135)

Asian/Pacific 
Islander 
(n = 265)

Hispanic 
(n = 109)

Missing† 
(n = 26) P

Age at SLE diagnosis, years 0.341
≤18 134 44 (23) 18 (13) 49 (18) 17 (16) 6 (23)
19–29 205 52 (28) 35 (26) 76 (29) 39 (36) 3 (12)
30–39 143 37 (20) 32 (24) 50 (19) 18 (17) 6 (23)
40–49 106 19 (10) 24 (18) 38 (14) 21 (19) 4 (15)
≥50 136 37 (20) 26 (19) 52 (20) 14 (13) 7 (27)

Years since SLE diagnosis <0.001
≤5 231 47 (25) 45 (33) 78 (29) 44 (41) 17 (65)
6–10 141 31 (16) 19 (14) 66 (25) 21 (19) 4 (15)
11–15 125 28 (15) 29 (21) 45 (17) 22 (20) 1 (4)
≥16 227 83 (44) 40 (30) 71 (27) 20 (20) 4 (15)

Sex 0.735
Male 76 17 (9) 13 (10) 32 (12) 12 (11) 2 (8)
Female 648 172 (91) 122 (90) 233 (88) 97 (89) 24 (92)

SLE manifestation
Lupus nephritis‡ 256 37 (14) 52 (20) 134 (52) 33 (13) 3 (1) <0.001
Thrombocytopenia 210 40 (19) 51 (24) 81 (39) 36 (17) 2 (1) 0.009
Neuropsychiatric§ 102 29 (28) 28 (27) 30 (29) 15 (15) 0 (0) 0.089
APS 111 22 (20) 20 (18) 48 (43) 21 (19) 0 (0) 0.205

* Values are the number (%) unless indicated otherwise. P values were calculated by analysis of variance (age at SLE diagnosis, years since 
SLE diagnosis) and chi-square test (sex, SLE manifestation). APS = antiphospholipid antibody syndrome. 
† Observations without recorded race/ethnicity or date of last clinic visit are grouped in the missing category. 
‡ Any of the following surrogate laboratory results were used to define lupus nephritis: 24-hour urine for protein >500 mg, 24-hour urine 
protein-to-creatinine ratio >0.5, or spot protein-to-creatinine ratio >0.5. 
§ Neuropsychiatric lupus manifestations studied include seizures, psychosis, and acute confusional state. 
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to evaluate racial/ethnic differences in the presence of severe SLE 
manifestations identified at the date of SLE diagnosis.

Given the use of a surrogate variable to define lupus nephritis 
onset, a sensitivity analysis was performed in which only those with 
subsequently physician-diagnosed lupus nephritis were analyzed. 
All statistical analyses were performed using STATA, version 13 (12).

RESULTS

Study population characteristics. A total of 724 patients 
with SLE residing in San Francisco County between 2007 and 
2009 were retrospectively identified (Table 1). The distribution by 
race/ethnicity was as follows: white (26.2%), African American 
(18.8%), Asian/Pacific Islander (36.9%), and Hispanic (15.5%). 
Asian/Pacific Islander patients were predominantly Chinese 
(49.4%), followed by Filipino (15.4%) and Vietnamese (6.7%). 
Most Hispanic patients had no ethnic origin specified (50.9%), 
followed by South or Central American (except Brazilian) (31.3%) 
and Mexican (13.4%). Nineteen patients had missing race/ethni
city information (2.6%) and 7 patients (1.0%) had a missing date 
of last clinic visit. All 26 (3.6%) of these patients were excluded 
from further analysis. Females comprised 89.5% of the patients. 
No statistically significant differences in age at SLE diagnosis (P = 
0.341) or sex (P = 0.735) were observed by race/ethnicity. Con-
versely, there was a statistically significant difference in the dura-
tion of SLE among race/ethnicities, with white patients more likely 
to have ≥16 years of follow-up from diagnosis (44% compared to 
15–30% for other groups; P < 0.001). With respect to the severe 
SLE manifestations studied, African Americans and Asian/Pacific 
Islanders had higher prevalence of lupus nephritis (20% and 
52%, respectively, compared to 13–14% among other groups; 
P < 0.001) and thrombocytopenia (24% and 39%, respectively, 
compared to 17–19% among other groups; P = 0.009). Neuro
psychiatric lupus was less common among Hispanic patients 
(15% compared to 27–29% among other groups; P = 0.089), 

and APS was more common among Asian/Pacific Islanders (43% 
compared to 18–20% among other groups; P = 0.205), although 

these differences did not meet statistical significance.

Clinical symptoms of SLE. In comparison to white 
patients, African American, Asian/Pacific Islander, and Hispanic 
patients had increased prevalence of renal manifestations (PR 
1.74, PR 1.68, and PR 1.35, respectively) (Table  2). African 
Americans had increased prevalence of neurologic manifesta-
tions (PR 1.49), and both African Americans and Asian/Pacific 
Islanders had increased prevalence of hematologic manifesta-
tions (PR 1.09 and PR 1.07, respectively). Because we were 
performing multiple statistical comparisons, we applied a Bon-
ferroni correction (P < 0.005) when interpreting our P values to 
reduce the risk of Type I errors. After applying this correction, 
the higher prevalence of renal manifestations among Hispanic 
patients (P = 0.006), neurologic manifestations among African 
Americans (P = 0.007), and hematologic manifestations among 
Asian/Pacific Islanders (P = 0.015) lost their statistical signifi-
cance. There were no statistically significant differences in prev-
alence between racial/ethnic minority groups and white patients 
for the mucocutaneous, serositis, cardiovascular, pulmonary, 
gastrointestinal, musculoskeletal, or serologic manifestation cat-
egories. Supplementary Table 2, available on the Arthritis Care & 
Research web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23887/​abstract, shows the prevalence of individual manifes-

tations within each category, stratified by race/ethnicity.

Time to development of severe manifestations of SLE. 
Figure  1 displays Kaplan-Meier curves illustrating time to incident 
severe SLE manifestations following SLE diagnosis, stratified by race/
ethnicity. Mean and median follow-up times were 12.5 and 9.8 years, 
respectively. Log rank tests demonstrated statistically significant 
differences between race/ethnicities in the time to development of 
lupus nephritis (P < 0.01), thrombocytopenia (P = 0.04), APS (P < 

Table  2.  Prevalence ratios of systemic lupus erythematosus (SLE) manifestations stratified by race/
ethnicity among prevalent cases of SLE in San Francisco County, 2007–2009*

Characteristic

Non-Hispanic 
white 

(n = 189)

Non-Hispanic 
African American 

(n = 135)

Asian/Pacific 
Islander 
(n = 265)

Hispanic 
(n = 109)

Mucocutaneous Ref. 0.98 (0.89–1.07) 1.04 (0.97–1.11) 1.00 (0.91–1.10)
Serositis Ref. 1.13 (0.92–1.38) 0.92 (0.76–1.12) 1.09 (0.87–1.37)
Cardiovascular Ref. 1.38 (0.95–2.01) 1.09 (0.77–1.55) 1.34 (0.88–2.04)
Pulmonary Ref. 1.09 (0.87–1.36) 0.96 (0.78–1.17) 1.13 (0.89–1.44)
Gastrointestinal Ref. 1.64 (0.84–3.18) 1.30 (0.71–2.37) 1.71 (0.85–3.44)
Renal Ref. 1.74 (1.40–2.16)† 1.68 (1.38–2.05)† 1.35 (1.05–1.74)‡
Musculoskeletal Ref. 1.00 (0.91–1.11) 0.95 (0.87–1.04) 1.07 (0.97–1.18)
Neurologic Ref. 1.49 (1.12–1.98)‡ 0.76 (0.56–1.04) 0.98 (0.67–1.44)
Hematologic Ref. 1.09 (1.04–1.15)† 1.07 (1.01–1.13)‡ 1.06 (1.00–1.13)
Serologic Ref. 1.00 (1.00–1.01) 1.00 (1.00–1.01) 1.00 (1.00–1.01)

* Values are prevalence ratio (95% confidence interval). Calculations based on Poisson regression model with 
robust error variances adjusting for sex, age at SLE diagnosis, and years since SLE diagnosis. Ref. = reference. 
† α < 0.001. 
‡ α < 0.05. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23887/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23887/abstract
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0.01), and the combined outcome (P < 0.01), but not for neuropsy-
chiatric lupus (P = 0.59). For all racial/ethnic minorities, the risk for 
development of lupus nephritis, thrombocytopenia, APS, and the 
combined outcome was greatest in the first year after disease onset.

Results from the Cox proportional hazard regression mod-
els are displayed in Table 3. All racial/ethnic minorities with SLE 
had statistically significant increased HRs relative to white patients 
for lupus nephritis and thrombocytopenia. Asian/Pacific Islanders 

Figure 1.  Time to incident severe systemic lupus erythematosus (SLE) manifestation following SLE diagnosis, stratified by race/ethnicity, 
among prevalent SLE cases in San Francisco County, 2007–2009. Combined outcome (bottom center) includes any of lupus nephritis (top 
left), thrombocytopenia (top right), neuropsychiatric lupus (bottom left), or antiphospholipid antibody syndrome (APS) (bottom right). Any of 
the following surrogate laboratory results were used to define lupus nephritis: 24-hour urine for protein >500 mg, 24-hour urine protein-to- 
creatinine ratio >0.5, or spot protein-to-creatinine ratio >0.5. Neuropsychiatric lupus manifestations studied include seizures, psychosis, and 
acute confusional state. PI = Pacific Islander.
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and Hispanic patients had increased HRs for APS, and African 
Americans and Asian/Pacific Islanders had increased HRs for the 
combined outcome relative to white patients. There were no sta-
tistically significant differences in HRs for neuropsychiatric lupus 
among the racial/ethnic groups. Relative to women, men with 
SLE had between 1.4 and 2.1 times the HR of lupus nephritis, 
thrombocytopenia, and the combined outcome. There were no 
statistically significant differences in HRs for the severe SLE man-
ifestations among the categories for age at SLE diagnosis. Fur-
thermore, there were no significant differences in the proportion 
of severe SLE manifestations identified at SLE diagnosis among 

race/ethnicities (data not shown).
Of the patients identified with lupus nephritis based on the 

primary variable definition, 76% had a diagnosis of lupus nephritis 
indicated in their medical charts by the treating physician. A sen-
sitivity analysis examining only individuals diagnosed with lupus 
nephritis by the treating physician revealed slightly reduced HRs 
with preserved statistical significance for all racial/ethnic minority 
groups, except African Americans (P = 0.054) (see Supplemen-
tary Table 3, available on the Arthritis Care & Research web site 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23887/​abstract).

DISCUSSION

Using a large, racially/ethnically diverse population-based 
registry, we identified racial/ethnic differences in the prevalence 
of SLE manifestations and in the risk and timing of develop-
ment of severe SLE manifestations. This analysis demonstrates 
substantial differences in the prevalence of several clinical SLE 
manifestations among race/ethnicities. African American, Asian/
Pacific Islander, and Hispanic patients had a greater prevalence 

of renal abnormalities in comparison to white patients. In addition, 
African Americans had increased neurologic manifestations, and 
both African Americans and Asian/Pacific Islanders had increased 
hematologic manifestations in comparison to white patients. 
These findings are not explained by racial/ethnic differences in 
sex, age at SLE diagnosis, or duration of SLE disease, as all of 
these risk factors were accounted for in this analysis. We also 
found that African American, Asian/Pacific Islander, and Hispanic 
patients are at increased risk of developing a number of severe  
manifestations (lupus nephritis, thrombocytopenia, and APS) ear-
lier than white patients following SLE diagnosis. Men also develop- 
ed lupus nephritis and thrombocytopenia earlier than women.  
Our study represents the first comprehensive examination of dif-
ferences in SLE manifestations in Asian/Pacific Islander and His-
panic patients in the US, 2 racial/ethnic groups that have been 
understudied in population-based epidemiologic investigations.

We found that for racial/ethnic minorities, the risk of lupus 
nephritis was greatest during the first year following diagnosis of 
SLE. Subsequently, the annual risk of lupus nephritis remained 
approximately constant, with the highest burden of risk experi-
enced by Asian/Pacific Islanders. White patients, on the other 
hand, had a nearly constant incidence rate. The HRs calculated in 
our analyses are consistent with those of at least 1 previous study, 
which also found increased risks for African Americans (HR 1.5), 
Asians (HR 1.8), and Hispanics (HR 1.5) in comparison to white 
patients (6), although the HRs in that study were not as large as 
discovered here.

There are several possible explanations for why racial/ethnic 
minority groups with SLE are at greater risk of developing lupus 
nephritis. Genetic factors have been proposed to explain why Afri-
can Americans with SLE have a greater likelihood of renal disease, 

Table 3.  Factors associated with severe manifestations of systemic lupus erythematosus (SLE) in multivariable Cox proportional 
hazards regression model among prevalent cases of SLE in San Francisco County, 2007–2009*

Variables
Lupus 

nephritis† Thrombocytopenia Neuropsychiatric‡ APS Combined§
Race/ethnicity

Non-Hispanic white (ref.)
Non-Hispanic African American 2.4 (1.6–3.8) 2.3 (1.1–4.4) 1.5 (0.8–2.9) 1.5 (0.7–3.0) 1.6 (1.1–2.2)
Asian/Pacific Islander 4.3 (2.9–6.4) 2.3 (1.3–4.2) 1.1 (0.6–2.0) 2.5 (1.4–4.4) 2.4 (1.8–3.2)
Hispanic 2.3 (1.4–3.8) 2.2 (1.1–4.7) 1.0 (0.4–2.5) 2.6 (1.3–5.1) 1.4 (0.9–2.1)

Sex
Female (ref.)
Male 1.6 (1.1–2.4) 2.1 (1.2–3.6) 1.8 (0.9–3.6) 1.4 (0.7–2.6) 1.8 (1.3–2.5)

Age at diagnosis, years
≤18 1.1 (0.8–1.5) 1.0 (0.6–1.8) 1.1 (0.6–2.2) 1.1 (0.6–1.8) 0.9 (0.7–1.2)
19–29 (ref.)
30–39 0.8 (0.5–1.2) 0.7 (0.4–1.4) 0.8 (0.4–1.8) 0.7 (0.4–1.4) 0.8 (0.5–1.1)
40–49 1.0 (0.6–1.5) 0.5 (0.2–1.1) 1.2 (0.5–2.8) 0.7 (0.4–1.6) 0.9 (0.7–1.4)
≥50 1.0 (0.6–1.5) 1.6 (0.9–2.8) 1.7 (0.8–4.0) 1.0 (0.5–2.0) 1.4 (1.0–2.0)

* Values are hazard ratio (95% confidence interval). Calculations based on Cox proportional hazards model that contained each of 
race/ethnicity, sex, and age at diagnosis. Higher hazards indicate a shorter time to development of specific manifestations. APS = 
antiphospholipid antibody syndrome; ref. = reference.  
† Any of the following surrogate laboratory results were used to define lupus nephritis: 24-hour urine for protein >500 mg, 24-hour 
urine protein-to-creatinine ratio >0.5, or spot protein-to-creatinine ratio >0.5. 
‡ Neuropsychiatric lupus manifestations studied include seizures, psychosis, and acute confusional state. 
§ Combined outcome is any of lupus nephritis, thrombocytopenia, neuropsychiatric, or APS. 
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more severe disease presentation, and poorer prognosis relative 
to white patients (13–16). A number of studies have also attributed 
worse outcomes among African American and Hispanic patients 
to socioeconomic factors, although no analysis has looked spe-
cifically at the association between socioeconomic factors and the 
onset of lupus nephritis (16–18). Surprisingly, the highest risk for 
lupus nephritis was observed among Asian/Pacific Islanders, nearly 
double that of African Americans and Hispanics. This is despite 
the fact that Asian/Pacific Islanders have the highest average lev-
els of income and education and the best access to health care 
among racial/ethnic minority groups in San Francisco County (19), 
suggesting that there may be additional underlying factors that 
increase risk in this population. In African Americans, certain gen-
otypes increase the risk of lupus nephritis, and although this is a 
potential mechanism among Asians, it remains understudied (20).

There are no previous studies describing the time to develop
ment of thrombocytopenia, neuropsychiatric lupus, or APS 
in patients with SLE. All racial/ethnic groups, including white 
patients, were at greatest risk of thrombocytopenia and APS 
during the first year following SLE diagnosis and continued to 
develop these manifestations throughout the follow-up period. It 
is plausible that genetic variation partially explains the observed 
racial/ethnic differences in the risk of APS. No defined racial/ 
ethnic predominance for primary APS has been documented, but 
several studies support the increased risk conferred by various 
genetic variants, particularly human leukocyte antigen associa-
tions (21,22). Future studies investigating racial/ethnic group-level 
differences in genetic variability are needed.

Numerous studies demonstrate that men with SLE are 
more likely to have organ damage, including renal disease and 
neuropsychiatric abnormalities, and have an increased mortality 
rate 1 year following initial SLE hospitalization (23–27). A previous 
analysis has shown that men develop lupus nephritis earlier than 
women, with a reported relative hazard of 1.7 (6). Our study has 
yielded similar findings and shows that men had the greatest risk 
of lupus nephritis during the first year following diagnosis of SLE 
(data not shown). Furthermore, our results show that men develop 
thrombocytopenia earlier following SLE diagnosis, a result not 
previously demonstrated. Although our analysis does not read-
ily identify causes for these differences, several theories exist to 
explain differences in sex in SLE presentation, including differ-
ences in sex hormones and decreased medical-seeking behavior 
among men, possibly leading to their delayed diagnosis (28).

A potential contributor to the more severe progression of 
lupus identified in men relative to women and in the studied minor-
ity groups relative to white patients could be that SLE is diagnosed 
at a more advanced stage in these populations. This would explain 
both the relatively accelerated appearance of lupus nephritis and 
thrombocytopenia occurring within the first year and why racial/
ethnic minorities appear to have greater risk for development 
of several manifestations of SLE after controlling for duration of 
disease. There is some preliminary support for this hypothesis 

(28,29). In one study, compared with women, men had higher 
risk of severe disease activity at the time of SLE diagnosis as 
determined by a Systemic Lupus Erythematosus Disease Activity 
Index score of ≥12, independent of age, racial/ethnic group, anti- 
Ro positivity, or time to criteria accrual (odds ratio 3.11 [95% con-
fidence interval 1.09–8.92]) (29). Further work is needed to unravel 
the contribution of delayed access to diagnosis and treatment.

One of the major strengths of the CLSP is the careful and 
systematic attention to case ascertainment using a variety of 
sources: university and community clinics, hospitals, regional lab-
oratories, and state administrative databases. Asian and Hispanic 
patients were further identified through physicians who focused 
on these populations (e.g., Chinese patients at San Francisco’s 
Chinese hospital) and through multilingual abstractors.

Several limitations to this study exist. There is always a 
potential for incomplete case ascertainment despite the efforts 
described above. Each clinic and hospital had to voluntarily agree 
to participate in the CLSP. Unfortunately, 2 community hospitals in 
San Francisco chose not to participate in the program. Given the 
small number of cases identified solely through community-based 
hospitals, <5 cases were expected to be missing from this data (3). 
Incomplete case ascertainment might also have occurred because 
surveillance efforts were focused on rheumatology clinics and 
did not include primary care clinics. Capture–recapture analysis 
reported in a prior publication estimated an additional 147 patients, 
although this estimation had a wide confidence interval (3). A sec-
ond limitation is that the quality of medical record documentation 
of SLE manifestations and criteria varied widely depending on the 
clinic or hospital setting. Older charts that may have documented 
early manifestations of disease, particularly serologic laboratory 
results, were difficult to obtain and may have been inadequately 
captured. Third, race and ethnicity were determined from the med-
ical record, not through patient self-report. Race and ethnicity were 
sometimes poorly documented in the medical records, leading to 
missing data for race and ethnicity. Importantly, this study also did 
not account for variables that historically have been associated 
with severe disease manifestations, including socioeconomic sta-
tus, medications, access to care, and coexisting medical condi-
tions. The analysis of genetic and other biologic data would have 
been useful if collected previously for this study population. A longi-
tudinal cohort study called the California Lupus Epidemiology Sur-
veillance Study has emerged from analysis of biologic specimens 
voluntarily provided by members of the CLSP cohort.

The current study found important differences in the char-
acteristics and progression of SLE between racial/ethnic minority 
groups and white patients. To our knowledge, it is the first study 
to use rigorous epidemiologic methods to compare SLE mani-
festations across 4 racial/ethnic groups, including Asian/Pacific 
Islanders and Hispanics, 2 understudied populations. Data col-
lected in this study support the importance of increased clinician 
awareness of SLE and its accelerated progression in these racial/
ethnic groups. These data also advocate for greater resource 
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allocation on early diagnosis and treatment in these populations. 
Future studies should attempt to collect and analyze data on 
additional risk factors, including socioeconomic status, access to 
care, medication and appointment adherence, coexisting medical 
conditions, and genetic variation and the relationship of these var-
iables to the onset of disease manifestations.
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Early Magnetic Resonance Imaging–Based Changes in 
Patients With Meniscal Tear and Osteoarthritis:  
Eighteen-Month Data From a Randomized Controlled  
Trial of Arthroscopic Partial Meniscectomy Versus Physical 
Therapy
Jamie E. Collins,1  Elena Losina,1  Robert G. Marx,2 Ali Guermazi,3 Mohamed Jarraya,4 Morgan H. Jones,5 
Bruce A. Levy,6 Lisa A. Mandl,2 Scott D. Martin,7 Rick W. Wright,8 Kurt P. Spindler,5 and Jeffrey N. Katz,1 for the 
MeTeOR Investigator Group

Objective. The present study was undertaken to evaluate changes in knee magnetic resonance imaging (MRI) 
findings over the course of 18 months in subjects with osteoarthritic change and meniscal tear treated with arthro-
scopic partial meniscectomy (APM) or nonoperatively with physical therapy (PT).

Methods. We used 18-month follow-up data from the Meniscal Tear in Osteoarthritis Research Trial. MRI results 
were read with reference to the MRI Osteoarthritis Knee Score. We focused on 18-month change in bone marrow lesions 
(BMLs), cartilage thickness, cartilage surface area, osteophyte size, effusion-synovitis, and Hoffa-synovitis. We used 
multinomial logistic regression to assess associations between MRI-based changes in each feature and treatment type.

Results. A total of 351 subjects were randomized, and 225 had both baseline and 18-month MRI results. In both 
treatment groups, patients experienced substantial changes in several MRI-based markers. In 60% of the APM 
group, versus 33% of the PT group, cartilage surface area damage advanced in ≥2 subregions (adjusted odds ratio 
4.2 [95% confidence interval 2.0–9.0). Patients who underwent APM also had greater advancement in scores for 
osteophytes and effusion-synovitis. We did not find significant associations between treatment type and change in 
cartilage thickness, BMLs, or Hoffa-synovitis.

Conclusion. This cohort of patients with meniscal tear and osteoarthritis showed marked advancement in  
MRI-based features over 18 months. Patients treated with APM showed more advancement in some features compared 
to those treated nonoperatively. The clinical relevance of these early findings is unknown and requires further study.

INTRODUCTION

Recent estimates suggest that 14 million adults in the US 
have knee osteoarthritis (OA), including 8 million individuals under 

65 years of age (1). Of these, ~80% have a concomitant meniscal 
tear (2). Nonoperative treatment of symptomatic meniscal tear typ-
ically includes a physical therapy (PT) regimen (muscle strengthen-
ing, endurance, flexibility, and balance training). Surgical treatment 
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typically consists of arthroscopic partial meniscectomy (APM). 
Data from several large clinical trials have suggested that patients 
with meniscal tear and osteoarthritic changes treated with APM 
plus PT experience similar pain relief compared to patients treated 
with PT alone, although crossover from PT to APM makes inter-
pretation challenging in several of these trials (3–7).

In patients with OA, meniscal tear has been shown to be an 
independent risk factor for progression of cartilage damage (8). 
Observational studies have suggested that a history of APM may 
be associated with a higher risk of incident OA (9,10). It is unclear 
in these studies whether the risk of progression is attributable to 
the initial meniscal damage or to the surgical treatment. This ques-
tion can best be addressed in a clinical trial setting, in which all 
subjects have knee pain and meniscal tear and are deemed surgi-
cal candidates by their orthopedic surgeons. The aim of our study 
was to evaluate early magnetic resonance imaging (MRI)–based 
changes in patients with meniscal tear and OA treated with APM 
and those treated nonoperatively.

PATIENTS AND METHODS

Study sample. We used data from the Meniscal Tear in 
Osteoarthritis Research (MeTeOR) Trial, a multicenter randomized 
controlled trial (RCT) investigating APM plus PT versus PT alone to 
treat symptomatic meniscal tear in OA (4). Subjects were recruited 
from orthopedic surgery clinics in 7 US referral centers. Eligible 
subjects were ages ≥45 years old, had evidence of meniscal tear 
on MRI, evidence of OA changes on MRI or radiography, and knee 
symptoms. The full inclusion and exclusion criteria have been 
published elsewhere (11).

Subjects were randomized to APM with PT or PT alone. For 
subjects undergoing APM, the surgeon used standard arthroscopic 

portals and trimmed the damaged meniscus back to a stable rim 
(11). Surgeons also trimmed loose fragments of cartilage and bone 
but did not penetrate the subchondral bone. Subjects randomized 
to the PT arm followed a standardized, strengthening-based PT 
protocol, including weekly sessions with a therapist and home-
based exercises; generally the program lasted 6 weeks (4,11). 
Subjects were permitted to see their orthopedic surgeons through-
out the study and could discuss with the surgeon the option of 
crossing over to receive APM if symptoms persisted despite PT.

Outcome. Subjects underwent MRI at baseline as part of 
routine clinical care. Each of the centers performed cartilage-
sensitive sequences, permitting us to assess the MRI results with 
semiquantitative methods. At 18 months, subjects underwent 
MRI using the same sequences as performed at baseline. Base-
line and 18-month MRI results were read using the MRI OA Knee 
Score (MOAKS) in pairs, unblinded to time by an experienced 
musculoskeletal radiologist (AG) who is an expert in semiquan-
titative MRI analysis of knee OA (12). In a sample of 10 subjects, 
the MOAKS total OA scores for this reader were closely associ-
ated to the total OA scores of another highly experienced reader, 
with an interclass correlation of 0.98 (13). The reader was blinded 
to the subject treatment and all other demographic information. 
We focused on 18-month change in several joint features: bone 
marrow lesions (BMLs), cartilage surface area, cartilage thickness, 
osteophyte size, effusion-synovitis, and Hoffa-synovitis. Given 
the biomechanical models demonstrating greater contact pres-
sures associated with APM, we envisioned that the most strik-
ing effects would be observed in cartilage damage (with contact 
pressures transmitted directly to cartilage) and osteophytes (bony 
enlargement in response to greater contact pressure) (14,15). In 
the MOAKS system, each joint feature is divided into subregions, 
and each subregion is scored on an ordinal scale from 0–3. We 
assessed change in each feature as described below.

BMLs. BML size is assessed in 14 subregions, and thus 
the change in number of subregions affected has a theoretical 
range of –14 to 14 because BMLs can both develop and resolve. 
We assessed the change in the number of subregions affected 
by any BML (i.e., with a score >0). We assessed the maximum 
advancement in BML size score across all subregions, which 
was grouped into “no change,” “advancement by 1 grade,” and 
“advancement by 2+ grades.” We also assessed whether there 
were any subregions with improvement in score and whether 
there were any subregions with advancement in score.

Cartilage. Cartilage surface area and thickness were analy
zed separately. We assessed the number of subregions with 
advancement, the number of subregions with new cartilage 
damage (i.e., a score of 0 at baseline and >0 at follow-up), and 
the maximum advancement across all subregions. The number 
of subregions with advancement and the number of subregions 
with new damage have a possible range of 0–14; based on dis-
tribution these were grouped into 0, 1, 2+ subregions. Maximum 

SIGNIFICANCE & INNOVATIONS
• To our knowledge, this is the first study to use data

from a randomized controlled trial investigating 
surgical versus nonoperative treatment for pa-
tients with knee osteoarthritis and meniscal tear 
to evaluate the early magnetic resonance imaging 
(MRI)–based changes over an 18-month period for 
patients undergoing arthroscopic partial meniscec-
tomy (APM) or physical therapy.

• We found marked MRI-based advancement in both
groups. In addition, we found that patients who 
were treated with APM had higher odds of advance-
ment in cartilage surface area, osteophytes, and  
effusion-synovitis, although the data did not pro-
vide sufficient evidence to establish an association 
between treatment type and change in cartilage 
thickness, bone marrow lesions, or Hoffa-synovitis.

• The clinical relevance of these findings requires
further study and should be considered a research 
priority.
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advancement was grouped into “no change,” “advancement by 
1 grade,” and “advancement by 2+ grades.”

Osteophytes. We assessed the number of locations with ad-
vancement, the number of locations with new osteophytes, and 
the maximum advancement across all locations. Osteophytes 
are scored in 12 locations, and thus the number of locations with 
advancement and the number of locations with new osteophyte 
has a possible range of 0–12. Based on distribution, the number 
of locations with advancement was grouped into 0, 1, 2+ sub-
regions, and the number of locations with new osteophytes and 
the maximum advancement across all subregions were grouped 
into “no advancement” versus “any advancement.”

Synovitis. Effusion-synovitis represents a combination of 
effusion and synovial thickening, and Hoffa-synovitis is seen as 
hyperintensity on fat-suppressed water sensitive sequences and is 
a sensitive but not specific surrogate marker for the true synovitis. 
They are each rated on an ordinal scale from 0–3. Changes were 
classified as “improvement,” “no change,” and “advancement.”

Statistical analyses. We first evaluated the association 
between baseline characteristics and treatment group to ensure 
that the groups were balanced after excluding crossovers. Base-
line Kellgren/Lawrence (K/L) grade was imbalanced between 
the treatment groups and was thus adjusted in multivariable 
models. For each joint feature considered, we used multinomial 
logistic regression with structural advancement of that feature as 
the dependent variable and treatment group as the independent 
variable. We calculated odds ratios (ORs) with associated 95% 

confidence intervals (95% CIs), where the OR represents the 
increased odds of experiencing structural advancement for sub-
jects receiving APM versus PT. To adjust for multiple testing, we 
used the Holm step-down procedure (16,17).

The primary analysis compared subjects randomized to and 
receiving APM with subjects randomized to and receiving PT with-
out crossover to APM. The analysis is mechanistic in focus; con-
sequently, it examines how the treatment received (surgical versus 
nonoperative) affects progression. Subjects who crossed over 
from PT to APM had higher baseline pain and slower initial clinical 
improvement. Since these factors may be associated with more 
rapid structural progression, we did not include the crossovers in 
the primary analysis (18). We performed a secondary as-treated 
analysis, also mechanistic in focus, in which subjects crossing over 
from PT to APM within 6 months of randomization were analy
zed in the surgical group. Finally, we performed an intent-to-treat 
(ITT) analysis, in which subjects were analyzed according to ran-
domization group irrespective of treatment received. This analysis 
was considered important because baseline factors, known and 
unknown, could be more important and have a bigger impact than 
the intervention. Subjects crossing over from PT to APM between 
6 and 18 months were excluded from all analyses to ensure that 
subjects analyzed in the surgical arm in as-treated analyses were 
exposed to surgery for at least 12 months. Subjects randomized 
to the APM arm who did not receive surgery were also excluded. 
This group was very small, and unlike the PT-to-APM crossovers, 
where we have information on treatment received (number of PT 
visits, date of surgery), we do not know what other treatment 

Figure 1.  Sample details and analytic cohorts. A total of 351 subjects were enrolled and randomized in the Meniscal Tear in Osteoarthritis 
Research Trial, and 225 had both baseline and 18-month results from magnetic resonance imaging (MRI). A total of 13 were excluded from all 
analyses, leaving 103 in the arthroscopic partial meniscectomy (APM) group, 37 in the APM to physical therapy (PT) crossover group, and 72 
in the PT group. The primary analysis is APM (bottom left) versus PT (bottom right). The first secondary analysis is as-treated: APM plus APM 
to PT crossover (bottom left plus bottom middle) versus PT (bottom right). The second secondary analysis is intent-to-treat: APM (bottom left) 
versus APM to PT crossover plus PT (bottom middle plus bottom right). BL = baseline.
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courses, if any, this group pursued. When these subjects were 
included in the analyses, the results did not differ meaningfully.

Sensitivity analyses to examine the impact of missing data 
were conducted. For each outcome, we used multiple imputation 
(MI) to impute an outcome for those subjects missing baseline 
and/or 18-month MRI data (19,20). We did this under 2 differ-
ent assumptions: first, we assumed that the missing data were 
associated with observed covariates (treatment group, K/L grade, 
sex, race, and baseline MOAKS if available [missing at random 
(MAR)]). Then, we assumed that the missing data were associated 
both with observed covariates and with unobserved outcomes; 
that is, that structural progression may be better or worse than 
expected based on observed covariates alone (missing not at 
random [MNAR]). We took a so-called tipping-point approach, 
asking how severe the missing data mechanism must be in order 
to change the study’s conclusions (21). To do this, we imputed 
data under various not-at-random mechanisms ranging from 
more (MNAR1) to less (MNAR5) plausible. Details of each mech-
anism are described in Supplementary Appendix A, available on 
the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23891/​abstract. All analyses were con-
ducted using SAS, version 9.4.

RESULTS

Cohort characteristics. A total of 351 subjects were ran-
domized, and 225 subjects had both baseline and 18-month MRI 
results. Of the 225 with paired MRI data, 9 subjects crossed over 
from PT to APM between 6 and 18 months, and 4 subjects were 
randomized to APM but did not undergo surgery (Figure 1). These 
13 subjects (5.8%) were excluded from all analyses. A total of 
175 subjects were included in the primary analysis: 103 were ran
domized to and underwent APM, and 72 were randomized to PT 
and did not cross over. An additional 37 patients were randomized 
to PT and crossed over to APM in the first 6 months. Thus, the 
secondary as-treated analysis consisted of 212 subjects (140 sub-
jects in the APM group and 72 in the PT group), and the ITT analy-
sis consisted of 212 subjects (103 in the APM group and 109 in the 
PT group). The included subjects did not differ on baseline charac-
teristics compared to the subjects excluded (see Supplementary 
Tables 1 and 2, available on the Arthritis Care & Research web site 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23891/​abstract).

The primary analytic sample was 56% female sex and 89% 
white race. The mean ± SD age was 59 ± 7 years, and the mean ± 
SD baseline score for the Knee Injury and Osteoarthritis Outcome 
Score pain subscale (0–100 scale; 100 indicates worst pain) was 
45 ± 16. The treatment groups were balanced on baseline demo-
graphics and clinical characteristics, with the exception of K/L 
grade. The APM group had a higher percentage of patients with 
K/L grade 3 and a lower percentage of patients with K/L grade 
2 compared to the PT group (Table  1). The treatment groups 
were balanced on baseline MOAKS (see Supplementary Table 3, 

available at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23891/​

abstract).
The median number of days between randomization and 

intervention start (surgery or first PT visit) was 21 for the APM 
group and 9 for the PT group.The median time between baseline 
MRI and 18-month MRI was 579 days (19.1 months); the median 
time between randomization and 18-month MRI was 542 days 
(17.9 months).

Change in joint features. Cartilage. The number of sub-
regions with advancement in cartilage surface area score ranged 
0–7 with a mean ± SD score of 1.9 ± 1.9. The mean ± SD num-
ber of subregions with advancement in cartilage surface area 
score was 2.3 ± 1.9 in the APM group compared to 1.3 ± 1.6 
in the PT group (Figure 2A). Among subjects undergoing APM, 
19% had 0 subregions with advancement in cartilage surface 
area score, 21% had 1 subregion with advancement, and 60% 

Table 1.  Cohort characteristics*

Treatment

APM plus PT 
(n = 103)

PT alone 
(n = 72)

Sex
Male 44 (43) 33 (46)
Female 59 (57) 39 (54)

Race
Nonwhite 12 (12) 8 (11)
White 91 (88) 64 (89)

Age, mean ± SD years 58.9 ± 7.9 58.4 ± 6.1
BMI, mean ± SD, kg/m2 29.8 ± 6.1 30.0 ± 5.3
Baseline KOOS pain score, 

mean ± SD†
44.7 ± 15.4 46.1 ± 17.2

Baseline WOMAC pain 
score, mean ± SD†

37.8 ± 17.2 40.7 ± 17.8

Baseline WOMAC function 
score, mean ± SD†

35.7 ± 17.5 38.0 ± 19.5

Baseline K/L grade
0 23 (22) 14 (19)
1 26 (25) 19 (26)
2 23 (22) 22 (31)
3 31 (30) 17 (24)

Meniscal tear category‡
None or signal 

abnormality on 
meniscus

0 (0) 2 (3)

Nondegenerative simple 
tear

13 (13) 9 (13)

Short degenerative  
complex tear

42 (41) 24 (33)

Long degenerative  
complex tear

33 (32) 19 (26)

Meniscal root tear 15 (15) 18 (25)
* Values are the frequency (%) unless indicated otherwise. APM = 
arthroscopic partial meniscectomy; PT = physical therapy; BMI = body 
mass index; KOOS = Knee Injury and Osteoarthritis Outcome Score; 
WOMAC = Western Ontario and McMaster Universities Osteoarthritis 
Index; K/L = Kellgren/Lawrence. 
† Range 0–100; 100 indicates worst pain. 
‡ Based on central readings; patients were enrolled on the basis of 
readings at local centers. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
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had 2+ subregions with advancement. Among subjects in the 
PT arm, 43% had 0 subregions with advancement in cartilage 
surface area score, 24% had 1 subregion with advancement, 

and 33% had 2+ subregions with advancement. This translates 
to a 2-fold increased odds of 1 subregion with advancement 
(OR 2.0 [95% CI 0.9–4.8]) and a 4.2-fold increased odds of 
2+ subregions with advancement for APM versus PT (OR 4.2  
[95% CI 2.0–9.0]) (Table 2). We also found significantly increased 
odds of advancement for APM versus PT when evaluating the 
number of subregions affected by cartilage surface area dam-

age and maximum advancement in damage score (Table 2).
The number of subregions with advancement in cartilage 

thickness score ranged 0–6 with a mean ± SD of 1.2 ± 1.4. The 
mean ± SD number of subregions with advancement in cartilage 
thickness score was 1.5 ± 1.6 in the APM group and 0.8 ± 1.0 in the 
PT group (Figure 2B). Of subjects undergoing APM, 38% had 2+ 
subregions with advancement compared to 26% of those receiv-
ing PT. Compared to subjects receiving PT, subjects receiving APM 
had approximately 2-fold elevated odds of having 2+ subregions 
with advancement, but these associations did not reach statisti-
cal significance (OR 1.98 [95% CI 0.96–4.10]) (Table 2). Similarly, 
patients who had APM had 2-fold greater odds of advancement in 
the number of subregions affected by reduced cartilage thickness 
scores and maximum advancement in cartilage thickness score; 
these associations did not reach statistical significance (Table 2).

Osteophytes. The number of locations with advancement in 
osteophyte score ranged 0–11 with a mean ± SD of 3.2 ± 3.0. 
The mean ± SD number of locations with advancement in os
teophyte score was 3.8 ± 3.2 in the APM group compared to 2.4 
± 2.7 in the PT group (Figure 2C). Osteophyte advancement was 
frequent: 82% of subjects in the APM group and 68% of sub-
jects in the PT group experienced advancement in MRI-based 
osteophyte score in at least 1 subregion. Subjects undergoing 
APM had a 2.6-fold increased odds of having 2+ subregions 
with advancement in osteophyte score compared to 0 subre-
gions (OR 2.6 [95% CI 1.3–5.6]) (Table 2).

BMLs. The change in the number of subregions affected by 
BMLs ranged from –4 to 7 with a mean ± SD of 0.4 ± 1.4. The 
mean ± SD change in the number of subregions with any BML 
was 0.6 ± 1.6 subregions in the APM group and 0.2 ± 1.1 in the 
PT group (Figure 3A). Treatment was not significantly associated 
with change in BMLs (Table 2).

Synovitis. Of subjects undergoing APM, 14% experienced 
advancement in Hoffa-synovitis compared to 10% of subjects 
receiving PT (Figure  3B). This difference was not statistically 
significant. Of subjects undergoing APM, 24% experienced ad-
vancement in effusion-synovitis, 45% had no change, and 31% 
improved (Figure 3C). Of subjects receiving PT, 8% experienced 
advancement, 40% no change, and 51% improvement. The 
adjusted odds of advancement versus improvement associated 
with APM was 5.0 (95% CI 1.8–13.8).

Secondary analysis. The subjects included in the secondary 
analysis did not differ on baseline characteristics compared to the 
subjects who were excluded (see Supplementary Tables 4 and 5,  

Figure  2.  Early magnetic resonance imaging (MRI)–based ad
vancement in cartilage and osteophytes by treatment group (primary 
analysis). Each panel shows the distribution of MRI-based advancement 
by treatment group for A, cartilage surface area, B, cartilage thickness, 
and C, osteophytes. Number of subregions with advancement is along 
the y-axis, and treatment group (arthroscopic partial meniscectomy 
[APM] versus physical therapy [PT]) is along the x-axis. Circles represent 
individual participants, diamonds the mean, and squares the median.
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Table 2.  Association between treatment group and advancement, primary analysis*

APM 
(n = 103)

PT 
(n = 72) P

APM vs. PT, 
OR (95% CI)

Cartilage surface area
Number of SRs with advancement in cartilage surface area score 0.0008†

0 SRs with advancement 19 (19) 31 (43)
1 SR with advancement 21 (21) 17 (24) 2.03 (0.85–4.82)
2+ SRs with advancement 61 (60) 24 (33) 4.22 (1.99–8.96)

Number of additional SRs affected by any cartilage surface area damage 0.0075†
0 additional SRs affected 35 (35) 42 (58)
1 additional SR affected 35 (35) 16 (22) 2.82 (1.32–6.01)
2+ additional SRs affected 31 (31) 14 (19) 2.67 (1.21–5.87)

Maximum advancement in cartilage surface area score across all SRs 0.0015†
No change 19 (19) 31 (43)
Advance by 1 grade 33 (33) 22 (31) 2.50 (1.13–5.53)
Advance by 2+ grades 49 (49) 19 (26) 4.19 (1.91–9.20)

Cartilage thickness
Number of SRs with advancement in cartilage thickness score 0.1666

0 SRs with advancement 39 (39) 38 (53)
1 SR with advancement 24 (24) 15 (21) 1.55 (0.70–3.45)
2+ SRs with advancement 38 (38) 19 (26) 1.98 (0.96–4.10)

Number of additional SRs affected by any cartilage thickness damage 0.1896
0 additional SRs affected 52 (51) 43 (60)
1 additional SR affected 21 (21) 18 (25) 1.01 (0.48–2.16)
2+ additional SRs affected 28 (28) 11 (15) 2.09 (0.92–4.75)

Maximum advancement in cartilage thickness score across all SRs 0.1787
No change 39 (39) 38 (53)
Advance by 1 grade 32 (32) 19 (26) 1.66 (0.80–3.45)
Advance by 2+ grades 30 (30) 15 (21) 1.97 (0.90–4.32)

Osteophytes
Number of locations with advancement in osteophyte score 0.0097†

0 locations with advancement 19 (18) 23 (32)
1 location with advancement 10 (10) 13 (18) 0.89 (0.31–2.51)
2+ locations with advancement 74 (72) 36 (50) 2.64 (1.25–5.58)

Any additional locations affected by any osteophyte 0.0230
No 30 (29) 33 (46)
Yes 73 (71) 39 (54) 2.10 (1.11–3.99)

Any advancement in osteophytes score across all locations 0.0388
No 19 (18) 23 (32)
Yes 84 (82) 49 (68) 2.13 (1.04–4.35)

BMLs
Change in number of SRs affected by any BML 0.3595

Improvement 19 (19) 14 (20)
No change 38 (37) 33 (46) 0.90 (0.38–2.09)
1 additional SR affected 23 (23) 16 (23) 1.10 (0.42–2.87)
2+ additional SRs affected 22 (22) 8 (11) 2.10 (0.71–6.23)

Maximum advancement in BML size score across all SRs 0.2543
No change 39 (38) 36 (51)
Advance by 1 grade 31 (30) 19 (27) 1.53 (0.73–3.22)
Advance by 2+ grades 32 (31) 16 (23) 1.85 (0.85–4.02)

Any SRs with improvement in BML size score 0.9042
No 53 (52) 38 (54)
Yes 49 (48) 33 (46) 1.04 (0.56–1.92)

Any of SRs with advancement in BML size score 0.1102
No 39 (38) 36 (51)
Yes 63 (62) 35 (49) 1.68 (0.89–3.16)

Hoffa-synovitis and effusion-synovitis
Change in Hoffa-synovitis 0.6610

Improvement 27 (26) 17 (24)
No change 62 (60) 47 (66) 0.80 (0.39–1.64)
Advance 14 (14) 7 (10) 1.19 (0.39–3.62)

Change in effusion-synovitis 0.0063†
Improvement 32 (31) 37 (51)
No change 46 (45) 29 (40) 1.84 (0.94–3.59)
Advance 25 (24) 6 (8) 4.99 (1.80–13.85)

* Values are the number (%) unless indicated otherwise. Analysis adjusted for baseline Kellgren/Lawrence grade. APM = arthroscopic partial 
meniscectomy; PT = physical therapy; SR = subregion; BML = bone marrow lesion. 
† Statistically significant after Holm correction. 
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available on the Arthritis Care & Research web site at http://onlin​
elibr​ary.wiley.com/doi/10.1002/acr.23891/​abstract).

As treated. Secondary analysis was performed for the as-
treated sample, which included the 37 subjects who crossed 
over from PT to APM in the APM group. Results were simi-
lar to the main analysis, with statistically significant differences 
between treatment arms in cartilage surface area, osteophytes, 
and effusion-synovitis (see Supplementary Table 6, available on 
the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23891/​abstract). As in the primary analysis, 
we did not find significant associations between treatment group 
and changes in BML, cartilage thickness, or Hoffa-synovitis.

ITT. The ITT analysis included the 37 subjects who crossed 
over from PT to APM in the PT group. Results were similar to 
the main analysis, with increased odds of advancement of car-
tilage surface area and advancement in effusion-synovitis in the 
APM versus PT groups. The odds of advancement in osteophytes 
were in the same direction but attenuated in this analysis com-
pared to the primary and as-treated analyses and did not reach 
statistical significance (see Supplementary Table 7, available on 
the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23891/​abstract). As in the primary and sec-
ondary analyses, we did not find significant associations between 
treatment group and changes in BML, cartilage thickness, or 
Hoffa-synovitis.

Sensitivity analysis for missing data. Sensitivity analy-
sis with MI for missing data demonstrated similar associations as 
the main analysis under a MAR mechanism. That is, if we assume 
that patients missing 18-month cartilage-change data are similar 
to those with data or that we can reasonably impute change from 
subject characteristics (age, sex, K/L grade, baseline MOAKS if 
available), then our conclusions do not change (Table 3). As we 
change the missing data mechanism and assume that subjects 
in the APM group with missing data are progressing less than 
observed APM subjects, and/or PT subjects with missing data 
are progressing more than observed PT subjects, the associa-
tions are attenuated. Generally, in order to change the conclusion 
about the association between treatment group and progression, 
we would have to assume an extreme missing data mechanism: 
namely, that PT subjects with missing data progress in the same 
fashion as observed APM subjects and APM subjects with miss-

ing data progress in the same fashion as observed PT subjects.

DISCUSSION

We evaluated data from an RCT of APM with PT versus PT 
alone and found that both treatment groups had substantial early 

Figure  3.  Early magnetic resonance imaging (MRI)–based 
advancement in bone marrow lesion (BML), Hoffa-synovitis, and 
effusion-synovitis by treatment group (primary analysis). Each panel 
shows the distribution of MRI-based advancement by treatment 
group for A, BML, B, Hoffa-synovitis, and C, effusion-synovitis. 
Advancement is along the y-axis, and treatment group (arthroscopic 
partial meniscectomy [APM] versus physical therapy [PT]) is along 
the x-axis. Advancement is measured in number of subregions 
for BML and in change in score for Hoffa-synovitis and effusion-
synovitis. Circles represent individual participants, diamonds the 
mean, and squares the median.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23891/abstract
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advancement of MRI-based biomarkers of each of the structural 
joint features examined. Patients undergoing APM had greater 
early advancement in MRI-based markers over 18 months than 
those treated nonoperatively for cartilage surface area, osteo-
phytes, and effusion-synovitis.

Two RCTs found no differences in radiographic advance-
ment between subjects treated with APM and those treated 
nonoperatively for degenerative meniscal tear (5,6). However, ra
diographic OA grade is an insensitive marker of structural change 
(22,23); both studies found radiographic advancement rates of 
<5%. Roemer et al found that both meniscal damage and par-
tial meniscectomy were associated with incident OA (K/L grade 
2) over 4 years in a nested case-control sample from the Oste-
oarthritis Initiative (10). In addition, the authors used MOAKS to 
evaluate MRI-based cartilage progression, defining progression 
as any increase in either size or thickness of cartilage damage. In 
the incident OA cases, partial meniscectomy was associated with 
worsening cartilage damage compared to knees with meniscal 
damage and without meniscectomy, and to knees without menis-
cal damage. However, only 26 knees underwent meniscal surgery 
and had MRI results. Our analysis builds on the work of Roemer 
et al (10) by taking advantage of the large MeTeOR Trial cohort. In 
MeTeOR, all subjects had documented meniscal tear, and all had 
substantial enough pain and functional limitation that subjects and 
their enrolling surgeons were prepared to proceed to APM. This 
balancing of structural and symptom severity between treatment 
groups is difficult to achieve in observational studies. The surger-
ies in MeTeOR were done in a uniform manner, and follow-ups 
were at regular intervals post randomization. Like Roemer et al 
(10), we found associations between APM and subsequent carti-
lage advancement.

To our knowledge, this is the first study to evaluate early 
MRI-based changes in a follow-up evaluation of data from 
an RCT of APM versus nonoperative therapy. We found that 
MeTeOR participants who had APM had higher likelihood of 
MRI-based advancement in cartilage surface area, osteophytes, 
and effusion-synovitis. We did not find significant associations 
between treatment type and advancement in BMLs or Hoffa-
synovitis. The lack of association between treatment and BMLs 
and Hoffa synovitis may reflect the transient nature of BMLs and 
synovitis; these features do not reflect cumulative damage as do 
cartilage damage and osteophytosis. The results were similar in 
the main per-protocol analysis and in the secondary as-treated 
and ITT analyses.

The clinical relevance of these early MRI findings remains 
uncertain. It will be important to determine whether subjects who 
demonstrate these changes in imaging findings over 18 months 
are at higher risk of worsening in symptom severity, functional 
limitation, and total joint replacement over subsequent follow-up. 
The findings underscore the importance of clinical follow-up of 
this cohort and, more generally, of individuals with meniscal tear 
treated either operatively or nonoperatively.

Only 225 of 351 randomized patients (64%) had MRI data 
available both at baseline and 18 months. Although our analyses 
found associations between some aspects of structural disease 
progression and treatment group, we were concerned about the 
amount of missing data. Our tipping-point sensitivity analysis with 
MI suggested that it would take an extreme missing data mech-
anism to change the conclusions. We would have to assume 
that PT patients with missing data are actually advancing at rates 
similar to the APM patients, and that APM subjects with missing 
data actually progress at rates similar to PT subjects. Although 
this extreme scenario does not seem plausible, we can never rule 
out a missing data mechanism with 100% certainty.

These results should be interpreted within the context of the 
study limitations. The primary analytic sample was limited to those 
subjects undergoing MRI at 18 months. Of patients randomized to 
PT, 31% crossed over to APM within 6 months of randomization. 
Subjects crossing over to APM had shorter symptom duration and 
greater baseline pain; thus, the balancing of confounders inherent 
to randomization may have been disrupted. We evaluated differ-
ences in known potential confounders between the groups and 
adjusted where necessary. However, we cannot be certain that the 
groups were balanced on unknown confounders. To further min-
imize risk of bias, we conducted 3 sets of analyses, all adjusted 
for K/L grade and factors imbalanced at baseline: the primary 
analysis that excluded crossovers, a sensitivity as-treated analysis 
that included crossovers in the APM group, and an ITT analysis 
that included crossovers in the PT group. All 3 of these analyses 
yielded similar conclusions. Due to the multinomial nature of many 
of the outcomes variables, we used logistic regression and present 
ORs. ORs overstate relative risks, especially when the prevalence 
of the outcome is high, as in this analysis (24). Thus, these ORs 
should not be interpreted as relative risks. Caution should be taken 
in generalizing these results to a more general knee OA cohort. 
First, inclusion criteria for the MeTeOR Trial included evidence of 
meniscal tear on MRI results and symptoms consistent with torn 
meniscus (i.e., clicking, catching, popping). Each patient had to 
be willing to undergo APM if randomized to the APM group (11). 
Thus, the MeTeOR Trial may be more generalizable to patients 
with knee OA and meniscal tear with symptoms. Patients were 
recruited from academic medical centers, and only 26% of eligible 
subjects agreed to participate in the MeTeOR RCT (4). Finally, this 
analysis is a secondary analysis of an RCT, and as such, we did 
not conduct a formal power analysis (25). To address the uncer-
tainty in our parameter estimates, we included 95% CIs (26).

In discussing treatment options for symptomatic meniscal 
tear, patients and providers must weigh the potential benefits and 
risks of treatment options, including these findings on structural 
advancement. Future work will assess the association between 
early structural advancement and subsequent pain, function, and 
risk of total knee replacement. Clinicians should be aware that 
regardless of treatment, there was MRI evidence of progression. 
At this point, the clinical meaning of the MRI-based changes doc-
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umented in this study is unknown. Assessing the relevance of 
these MRI-based changes is an important research priority.
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Duration of Symptom Relief and Early Trajectory of  
Adverse Events for Oral Nonsteroidal Antiinflammatory 
Drugs in Knee Osteoarthritis: A Systematic Review and  
Meta-Analysis
Mikala C. Osani, Elizaveta E. Vaysbrot, Mengyu Zhou, Timothy E. McAlindon, and Raveendhara R. Bannuru

Objective. Despite an extensive body of research on nonsteroidal antiinflammatory drugs (NSAIDs) in osteoar-
thritis, the duration of their efficacy and timeline of adverse event (AE) onset have been understudied. We conducted 
a systematic review and meta-analyses from 2 to 26 weeks to characterize the efficacy and AE trajectories of oral 
NSAIDs in knee osteoarthritis.

Methods. We searched MEDLINE, Embase, Web of Science, Google Scholar, and the Cochrane Database 
from inception to May 2018. Randomized controlled trials assessing the efficacy and/or safety of Federal Drug 
Administration–approved NSAIDs in knee osteoarthritis patients were included. Two independent reviewers as-
sessed quality and extracted data. We calculated standardized mean differences (SMDs) and risk ratios (RRs) with 
95% confidence intervals (95% CIs).

Results. We included 72 randomized controlled trials (26,424 participants). NSAIDs demonstrated moderate, 
statistically significant effects on pain that peaked at 2 weeks (SMD –0.43 [95% CI –0.48, –0.38]), but the magnitude 
of the effects decreased over time. The results for function were similar. The incidence of gastrointestinal (GI) AEs 
was significantly higher in NSAID users than placebo users as early as 4 weeks (RR 1.38 [95% CI 1.21, 1.57]). The 
incidence of cardiovascular (CV) AEs in NSAID users was not significantly different from placebo. Most GI and CV 
AEs were transient and of minor severity.

Conclusion. NSAIDs produced significant pain and function improvements that peaked at 2 weeks but decreased 
over time. The incidence of minor GI and CV AEs consistently rose, reaching significance as early as 4 weeks. Cli-
nicians should weigh the durability of efficacy with the early onset of minor AEs along with patient tolerability and 
preferences when formulating an NSAID regimen.

INTRODUCTION

Osteoarthritis (OA) is a leading cause of pain and disability 
among adults in the US (1), with involvement of the knee joint 
accounting for >80% of the disease’s disability burden. The prev-
alence of the disease is rising, and ~14 million adults in the US are 
now experiencing symptomatic knee OA (2–4). Since the natural 
history of OA is long, patients may need therapy for many years, 
even after arthroplasty.

Oral nonsteroidal antiinflammatory drugs (NSAIDs) are the 
pharmaceuticals used most frequently for pain control and are 
routinely recommended in OA clinical practice guidelines (5,6). In 
the US, 65% of patients with OA are prescribed NSAIDs (7). Given 
the current need to limit the use of opioid medications, NSAIDs 
can be expected to play an even larger role in clinical practice (8). 
Despite widespread use, a gap currently exists in our knowledge 
regarding the consistency and duration of the beneficial effects of 
NSAIDs on pain and functional outcomes in patients with knee 
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OA, and the efficacy of these drugs has largely been tested in 
randomized controlled trials (RCTs) of short-term duration. For  
clinicians treating chronic conditions like OA that involve long-
term management, the degree of superiority of a treatment over  
placebo is often of equal importance to its duration of efficacy.

In addition to the uncertainty in efficacy trajectory, there is a 
lack of research on the timing and evolution of adverse reactions 
to NSAIDs used in OA. NSAIDs are associated with cardiovas-
cular (CV) adverse events (AEs), kidney injury, and gastrointesti-
nal (GI) toxicity; the latter is shown to be likelier for nonselective 
NSAIDs than for selective cyclooxygenase 2 (COX-2) inhibitors 
(9–12). Furthermore, the general OA population, which is char-
acterized by older age and a more frequent use of concomitant 
medications, could be at a higher risk for NSAID-associated com-
plications. Although serious GI and CV risks such as GI bleed or 
myocardial infarction are associated with prolonged NSAID use, 
minor AEs contributing to patient discomfort may begin to man-
ifest even when the treatment duration is relatively short (10,13).

Given the chronic nature of knee OA symptoms and the 
resulting need for long-term therapeutic solutions, assessing the 
benefits and risks of any drug, including NSAIDs, in its temporal 
context is important. Understanding the durability of the efficacy 
of oral NSAIDs, as well as the time course of onset of minor AEs, 
is key to this decision-making process. Therefore, we conducted 
a systematic review and meta-analysis to comprehensively and 
quantitatively characterize the efficacy trajectory of oral NSAIDs 
on pain and functional improvement and to summarize the tim-
ing of onset and the subsequent progression of minor GI and CV 
AEs in patients with knee OA.

MATERIALS AND METHODS

Data sources/searches. We searched MEDLINE, Embase, 
Web of Science, Google Scholar, and the Cochrane Central 
Register of Controlled Trials from inception to May 3, 2018 (see 

Supplementary Table 1, available on the Arthritis Care & Research 
web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23884/​
abstract). We hand-searched reference lists of relevant systematic 
reviews and meta-analyses and within supplements of conference 
proceedings that had been published up to May 2018. We lim-
ited our search to randomized placebo-controlled trials involving 
NSAIDs in human subjects with knee OA. No restrictions were 
placed on publication date, status, or language. We adhered to 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines, but we elected not to register our study pro-
tocol in the PROSPERO database (see Supplementary Table 2, 
available on the Arthritis Care & Research web site at http://onlin​e​
libr​ary.wiley.com/doi/10.1002/acr.23884/​abstract).

Study selection. We included RCTs that assessed the 
efficacy and/or safety of Federal Drug Administration (FDA)–
approved NSAIDs versus placebo in patients with knee OA. We 
included studies that involved multiple treatment arms, as well 
as studies that involved treatment modalities other than NSAIDs, 
as long as the study compared ≥1 FDA-approved NSAID at an 
approved dosage against a placebo arm. We included combined 
knee and hip studies if they either reported separate results for 
the knee or if they had included >70% knee OA patients. Non-
randomized studies and studies in which the location of OA was 
undefined were excluded. Each abstract recovered by the search 
was screened by 2 independent reviewers (MCO, RRB), in line 
with the preestablished inclusion and exclusion criteria. Full man-
uscripts of abstracts that were included after initial screening were 
subsequently gathered and assessed for eligibility in further detail 
by the same 2 reviewers (MCO, RRB). Discordant results in inclu-
sion or exclusion that resulted during either screening stage were 
adjudicated by a third reviewer (EEV).

Data extraction and quality assessment. Data from 
each RCT were independently extracted by 2 reviewers (MCO, 
RRB). We drafted a data extraction form in Microsoft Excel to 
gather information on study and population characteristics, 
NSAID classification, dosage and frequency, rescue medication 
protocol, pain and functional outcomes, discontinuation rates and 
reasons, and relevant safety outcomes. We collected pain and 
functional outcomes that were reported by any validated scale; in 
the event that >1 scale was reported, results for all scales were 
collected. Based on their mechanisms of action, we determined 
3 overarching NSAID classes: traditional (nonselective) NSAIDs, 
an older group of NSAIDs without a strong COX-2 selectivity 
(e.g., diclofenac, ibuprofen, indomethacin, naproxen, and piroxi-
cam); selective COX-2 inhibitors, a newer class of coxib NSAIDs 
developed specifically for COX-2 selectivity (celecoxib was the 
only representative treatment); and intermediate COX inhibitors, 
those from the traditional cohort of NSAIDs demonstrating rela-
tive COX-2 selectivity but with a chemical structure different from 
coxibs (e.g., etodolac, meloxicam, and nabumetone) (14–16).  

SIGNIFICANCE & INNOVATIONS
• Current research on oral nonsteroidal antiinflam-

matory drugs (NSAIDs) in osteoarthritis does not 
provide information about the durability of efficacy 
or the onset of early adverse events.

• We conducted meta-analyses of efficacy and safety
at 2, 4, 8, 12, and 26 weeks to characterize the tra-
jectory of efficacy and early adverse events for oral 
NSAIDs in knee osteoarthritis.

• Our results suggest that the beneficial effects of
NSAIDs peak at 2 weeks and begin to decline by 8 
weeks, whereas minor gastrointestinal and cardio-
vascular adverse events begin to manifest as early 
as 4 weeks.

• Information on the efficacy and safety trajectory
of oral NSAIDs can guide clinicians and patients in  
selecting an appropriate NSAID treatment regimen.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract
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In studies assessing multiple doses of NSAIDs, we only collected 
data on the dose that most closely matched the recommended 
dosing range for OA. Information regarding the recommended 
dosing for this indication was obtained directly from the FDA web-
site and/or from package inserts. In studies assessing multiple 
interventions against a common placebo group, we evenly divided 
the shared group into 2 or more smaller groups and included them 
as independent comparators, as referenced in the Cochrane 
Handbook, section 16.5.4 (17). To comprehensively assess the 
efficacy trajectories of NSAIDs while maintaining the robustness of 
our analyses, we collected pain and functional data at all reported 
time points and grouped the data into the following time point 
categories: 2 weeks (0–2 weeks), 4 weeks (3–6 weeks), 8 weeks 
(7–10 weeks), 12 weeks (11–16 weeks), and 26 weeks (17–29 
weeks). In all circumstances, we prioritized data that were pre-
sented in manuscript text or tables over graphical data. Data that 
were only presented in figures or graphs were recovered using 
Engauge Digitizer and double-checked by a second reviewer 
(MCO, EEV, or RRB) (18). We transferred the outcome data from 
Excel into RevMan software, and study quality was assessed 
in RevMan using the Cochrane Risk of Bias Tool (19,20). Data 
extraction and quality ratings were reviewed in their entirety for 
consistency. Discrepancies were arbitrated by a third reviewer 
(EEV).

Outcome definitions. We selected the following out-
comes of interest: pain, function, rate of discontinuation due to 
lack of efficacy, rate of discontinuation due to AEs, incidence of 
treatment-related AEs and serious AEs, and incidence of GI and 
CV AEs. Pain and functional outcomes were reported as the mean 
change from baseline to follow-up; in our primary analyses of all 
pain and all function, Western Ontario and McMaster Universi-
ties Osteoarthritis Index (WOMAC) scales were prioritized (21). If 
no other scales were available, nonstandard Likert scales were 
included in analyses of all pain and all function but were not used 
in any other analyses. Rates of discontinuation were reported as 
the number of participants who discontinued treatment or with-
drew from the study due to lack of efficacy or due to any AE. 
Discontinuation rates were collected for active treatment periods 
only; we did not collect discontinuation data that were reported 
after treatment had been stopped or changed, or after random-
ization had been broken. Serious AEs (SAEs) were defined as 
those explicitly designated by the outcome assessors as SAEs 
within the study period. The criteria for SAEs have been deline-
ated by the FDA and include AEs that are potentially life threat-
ening or result in hospitalization, disability or permanent damage, 
congenital anomalies or birth defects, or death, or events that 
may jeopardize the patient and may require medical intervention 
to prevent one of the above outcomes. Treatment-related AEs 
were specifically collected so as to better highlight the differences 
between treatment and placebo groups and were defined as any 
AEs (or “side effects”) that were described by the study investiga-

tors as treatment-related or drug-related, or were determined to 
be of probable, possible, and/or certain relationship to the study 
treatment. We excluded studies that only reported the incidence 
of “any adverse event” or “treatment-emergent adverse events” 
from our analysis of treatment-related AEs (22). We collected the 
incidence of GI and CV AEs as the sum total of the respective 
AEs at the study end points and at separate time points falling 
within the preestablished follow-up categories of 2, 4, 8, 12, and 
26 weeks, as available. Although we anticipated that the majority 
of AEs would be minor due to limitations of follow-up time, all GI 
and CV events were counted regardless of severity. The AEs that 
were most commonly observed were summarized. All safety data 
were reported as the number of patients experiencing ≥1 event.

Statistical analysis. For continuous outcomes, we cal-
culated standardized mean differences (SMDs) and 95% confi-
dence intervals (95% CIs) using the mean change from baseline 
to follow-up. We conducted meta-analyses using random-effects 
models to account for methodologic and clinical heterogeneity. 
To allow for direct comparability of effect sizes across different 
outcomes and subgroups, SMDs were used for all analyses of 
continuous outcome measures regardless of the variation in their 
scales. We analyzed dichotomous outcomes using the Mantel-
Haenszel method and reported the effects as risk ratios (RRs) and 
95% CIs (23). Heterogeneity was assessed using the I2 statistic 
(24). Analyses were conducted using RevMan software (20). Fun-
nel plots were visually inspected for asymmetry as a means of 
assessing publication bias. To aid in the clinical interpretation of 
SMDs, we used the benchmark of 0.37 units for clinical signifi-
cance (or importance) per the definition published by Wandel et al 
(25).

We planned the following a priori subgroup and sensitivity 
analyses, all of which were contingent upon the availability of data: 
analyses based on NSAID classification (selective COX-2 inhib-
itor versus intermediate COX inhibitor versus traditional NSAID), 
analyses limiting by pain scale (WOMAC versus visual analog 
scale), or functional scale (WOMAC versus any other functional 
scale), analyses limited to knee OA patients, analyses with poten-
tial outliers removed (conducted in the event that I2 was ≥75%, as 
referenced in the Cochrane Handbook, sections 9.5.2 and 9.5.3), 
and analyses limiting by study quality (17). In sensitivity analyses 
limiting by study quality, we chose to eliminate studies of very low 
quality. Very low-quality studies were defined a priori as those that 
received ≥2 high risk-of-bias ratings OR 1 specific high-risk rating 
in the “other” category in addition to ≥2 unclear risk ratings OR ≥3 
unclear risk-of-bias ratings in dimensions other than the “other” 
category using the Cochrane Risk of Bias tool (19).

RESULTS

The initial systematic search returned 1,607 potentially rel-
evant abstracts, of which 191 were eligible for full text review.  
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Of the 191 articles that underwent full text review, 72 RCTs were 
eligible for our analyses (see Supplementary Figure 1, available on 
the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23884/​abstract). The efficacy and/or  
safety of the following oral NSAIDs were assessed by the included 
RCTs: celecoxib (35 RCTs), naproxen (18 RCTs), diclofenac (11 RCTs), 
nabumetone (7 RCTs), ibuprofen (6 RCTs), meloxicam (3 RCTs), 
etodolac (2 RCTs), indomethacin (1 RCT), and piroxicam (1 RCT).

Baseline characteristics of the included RCTs are reported in 
Supplementary Table 3, available on the Arthritis Care & Research 
web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23884/​
abstract. A supplementary table of studies that were excluded 
due to inappropriate population characteristics can be found in 
Supplementary Table 4, available at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23884/​abstract. The publication dates of included 
RCTs ranged from 1976 to 2017, and the sample sizes compris-
ing eligible treatment arms in included RCTs ranged from 47 to 844 
(median 323). The follow-up duration ranged from 1 week to 2 years, 
but 96% of the trials had a duration of 13 weeks or less (median 6 
weeks). The mean age of included participants ranged from 53 to 69 

years (median 62 years), and the mean body mass index of patients 
ranged from 27 to 34 kg/m2 (median 31.5 kg/m2). The percentage 
of females ranged from 49% to 85% (median 68%). Limited use of 
acetaminophen as rescue medication was permitted in 69% of the 
included RCTs.

A summary of study quality assessment is shown in Sup-
plementary Table 5, available on the Arthritis Care & Research 
web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23884/​
abstract. Supplementary Figure 2, available at http://onlin​elibr​
ary.wiley.com/doi/10.1002/acr.23884/​abstract, shows the overall 
risk of bias distribution. The majority of studies were of moderate 
quality; potential attrition bias and reporting bias were the most 
common reasons for high risk-of-bias ratings. The majority of 
RCTs (80%) reported industry sponsorship and/or direct industry 
involvement of 1 or more investigators.

Overall effects of NSAIDs on pain and function. Our 
primary analyses of pain and function combined all oral NSAIDs, 
regardless of classification. Results of all analyses of pain and 
functional outcomes are shown in Table 1.

Figure 1.  Trajectory of overall effects of NSAIDs on pain (A) and function (B). wk = week. Color figure can be viewed in the online issue, 
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract.
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NSAIDs showed statistically significant, clinically important 
effects on pain as early as 2 weeks from baseline, with an SMD 
of –0.43 (95% CI –0.48, –0.38). This treatment effect remained 
statistically significant up to 26 weeks (SMD –0.21 [95% CI –0.39, 
–0.03]), although the effects attenuated progressively over time 
and lost clinical significance (Figure 1A). The analysis of pain at 
4 weeks demonstrated high heterogeneity (I2 = 76%), prompt-
ing a sensitivity analysis excluding outliers (26,27). This analysis 
reduced the I2 value to 29%, and the treatment effect decreased 
(SMD –0.36 [95% CI –0.40, –0.33]). Sensitivity analyses restricted 
to populations with knee OA only were not notably different from 
those observed in the primary analysis at any time point. Sensi-
tivity analyses by study quality also showed results similar to the 
primary analysis, but there was a trend for effect sizes to increase 
slightly with the removal of very low-quality studies (Table 1). There 
was no notable asymmetry in our visual inspection of the funnel 
plots at any time point.

With respect to functional improvement, NSAIDs again 
showed consistent statistically significant benefits compared with 
placebo, from 2 weeks (SMD –0.45 [95% CI –0.52, –0.38]) to 26 
weeks (SMD –0.19 [95% CI –0.32, –0.07]) (Figure 1B). None of 
the analyses of functional improvement demonstrated I2 values 
necessitating sensitivity analysis. Sensitivity analyses restricted to 

populations with knee OA only showed beneficial effects on func-
tional outcomes that were not notably different from the primary 
analysis at any time point. Sensitivity analyses limiting by study 
quality produced results similar to the main analysis, with a ten-
dency for effect sizes to increase (Table 1). Again, there was no 
notable asymmetry in our visual inspection of the funnel plots at 
any time point.

Sensitivity analyses restricting by pain or functional assess-
ment scale demonstrated that functional measurements obtained 
using scales other than the WOMAC (primarily, the Lequesne 
Algofunctional Index) tended to result in slightly smaller effect 
sizes (see Supplementary Figure 3, parts A and B, available on 
the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23884/​abstract).

Overall safety of NSAIDs. Patients receiving oral NSAIDs 
were more likely to withdraw due to an AE during a study’s treat-
ment period (RR 1.16 [95% CI 1.02, 1.32]) but were less likely 
to withdraw due to a lack of efficacy (RR 0.38 [95% CI 0.34, 
0.43]) (Table  2). Patients receiving oral NSAIDs experienced a 
higher incidence of treatment-related AEs (RR 1.21 [95% CI 1.04, 
1.40]), CV AEs (RR 1.37 [95% CI 1.05, 1.77]), and GI AEs (RR 
1.36 [95% CI 1.25, 1.49]) during the study follow-up period. As 

Table 2.  Results for discontinuations and safety*

Outcome RCTs, no. Patients, no. Effect estimate, RR (95% CI) Follow-up range, weeks
All NSAIDs vs. placebo

Withdrawals due to adverse events 60 22,993 1.16 (1.02, 1.32), I2 = 22%† 1–104 (median 6)
Withdrawals due to lack of efficacy 50 18,309 0.38 (0.34, 0.43), I2 = 37%† 1–104 (median 6)
Treatment-related adverse events 24 9,548 1.21 (1.04, 1.40), I2 = 54%† 1–13 (median 6)
Gastrointestinal adverse events 59 23,026 1.36 (1.25, 1.49), I2 = 38%† 1–26 (median 6)
Cardiovascular adverse events 36 14,654 1.37 (1.05, 1.77), I2 = 0† 1–13 (median 6)
Serious adverse events 40 17,278 0.90 (0.68, 1.19), I2 = 0 1–13 (median 12)

Celecoxib vs. placebo
Withdrawals due to adverse events 28 11,177 1.01 (0.84, 1.22), I2 = 23% 1–26 (median 12)
Withdrawals due to lack of efficacy 23 9,084 0.40 (0.34, 0.48), I2 = 31%† 1–26 (median 12)
Treatment-related adverse events 13 4,722 0.99 (0.86, 1.13), I2 = 7% 1–13 (median 6)
Gastrointestinal adverse events 27 10,984 1.14 (1.03, 1.27), I2 = 0† 1–26 (median 12)
Cardiovascular adverse events 18 7,732 1.24 (0.86, 1.80), I2 = 0 1–13 (median 12)
Serious adverse events 23 9,723 0.89 (0.60, 1.32), I2 = 0 1–13 (median 12)

Intermediate COX inhibitors vs. placebo
Withdrawals due to adverse events 11 3,419 1.11 (0.78, 1.57), I2 = 29% 4–12 (median 6)
Withdrawals due to lack of efficacy 9 2,906 0.49 (0.39, 0.62), I2 = 25%† 4–12 (median 6)
Treatment-related adverse events 3 1,045 1.05 (0.82, 1.33), I2 = 0 4–6 (median 4)
Gastrointestinal adverse events 11 3,419 1.40 (1.06, 1.86), I2 = 59%† 4–12 (median 6)
Cardiovascular adverse events 5 2,029 1.29 (0.63, 2.63), I2 = 0 4–12 (median 6)
Serious adverse events 5 1,829 1.98 (0.57, 6.93), I2 = 0 4–12 (median 6)

Traditional NSAIDs vs. placebo
Withdrawals due to adverse events 33 10,302 1.36 (1.16, 1.59), I2 = 1%† 2–104 (median 6)
Withdrawals due to lack of efficacy 25 7,066 0.31 (0.25, 0.39), I2 = 43%† 2–104 (median 6)
Treatment-related adverse events 13 4,263 1.42 (1.13, 1.78), I2 = 61%† 4–13 (median 6)
Gastrointestinal adverse events 32 9,892 1.49 (1.31, 1.68), I2 = 45%† 1–13 (median 6)
Cardiovascular adverse events 17 5,542 1.92 (1.17, 3.16), I2 = 29%† 1–13 (median 6)
Serious adverse events 20 6,573 0.93 (0.63, 1.38), I2 = 0 1–13 (median 6)

* Risk ratios (RRs) <1 favor treatment, and RRs >1 favor placebo. RCT = randomized controlled trial; 95% CI = 95% confidence interval; NSAIDs = 
nonsteroidal antiinflammatory drugs; I2 = measure of heterogeneity, with 100% being the maximum possible heterogeneity; COX = cyclooxygenase. 
† RR (95% CI) was statistically significant. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract
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we had expected, the most commonly reported GI AEs were 
transient and mild and included upper abdominal pain, diarrhea, 
dyspepsia, and nausea. Edema and hypertension were the most 
commonly reported CV AEs, and they were mild in severity and 
duration. The incidence of serious AEs (SAEs) over the duration of 

study did not differ between groups.

GI and CV safety trajectory of NSAIDs (all classes 
combined). We assessed the likelihood of experiencing GI AEs 
at 2, 4, 12, and 26 weeks and CV AEs at 2, 4, and 12 weeks 
(Figure  2, parts A and B). No RCT reported data on GI or CV 
safety at 8 weeks. Patients receiving NSAIDs were more likely 
to experience a minor GI AE as early as 4 weeks after initiating 
treatment (n = 31 studies; RR 1.38 [95% CI 1.21, 1.57]), at 12 
weeks (n = 22 studies; RR 1.36 [95% CI 1.18, 1.56]), and at 26 
weeks (n = 1 study; RR 1.55 [95% CI 0.52, 4.62]) (Figure 2A). 
Although the overall risk of developing a minor CV AE was higher 
in patients using NSAIDs versus placebo, it did not reach statis-
tical significance at any individual time point in the analysis of all 
NSAID classes combined.

Comparing the efficacy and safety of different classes 
of NSAIDs. Traditional NSAIDs performed consistently better than 
the other classes (Table 1 and Figure 3A). At 2 weeks, traditional 
NSAIDs demonstrated effects on pain that were 24% and 64% 
greater than those of celecoxib and intermediate COX inhibitors, 
respectively; at 12 weeks, the effects of traditional NSAIDs on pain 
were 33% and 44% greater than those of celecoxib and intermedi-
ate COX inhibitors, respectively. Only studies assessing the efficacy 
of celecoxib extended to 26 weeks; so a comparison of the differ-
ent classes could not be undertaken at this time point.

Traditional NSAIDs also outperformed the other classes with 
regard to functional improvement, demonstrating effects that 
ranged from 14% to 42% better than those of celecoxib (Table 1 
and Figure 3B). Interestingly, for both pain and functional efficacy 
outcomes, celecoxib outperformed intermediate COX inhibitors at 
most time points. Once again, due to a lack of data, a comparison 
of the different NSAID classes was not possible at 26 weeks.

Traditional NSAIDs demonstrated the largest effects with 
regard to efficacy outcomes and also demonstrated the least 
favorable safety profile of all the classes (Table  2). Patients 

Figure 2.  Trajectories of the gastrointestinal (GI) (A) and cardiovascular (CV) (B) safety of nonsteroidal antiinflammatory drugs (NSAIDs). 
Color figure can be viewed in the online issue, which is available athttp://onlinelibrary.wiley.com/doi/10.1002/acr.23884/abstract. 
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receiving traditional NSAIDs were significantly more likely to with-
draw due to an AE during the study period (median 6 weeks; 
range 2–104). These patients were also 42% more likely than 
patients receiving placebo to report treatment-related AEs (RR 
1.42 [95% CI 1.13, 1.78]), ~50% more likely to report GI AEs 
(RR 1.49 [95% CI 1.31, 1.68]), and 92% more likely to report CV 
AEs (RR 1.92 [95% CI 1.17, 3.16]) over a median follow-up time 
of only 6 weeks.

Patients receiving celecoxib had a statistically significantly 
higher risk of experiencing a GI AE (RR 1.14 [95% CI 1.03, 1.27]) 
than patients receiving placebo over the course of the study period 
(median 12 weeks; range 1–26), but the effect on CV risk was 
not significant (RR 1.24 [95% CI 0.86, 1.80]). Patients receiving 
intermediate COX inhibitors were also significantly more likely than 
those receiving placebo to report GI AEs (RR 1.40 [95% CI 1.06, 
1.86]) over the course of the treatment period (median 6 weeks; 
range 4–12) but not CV AEs (RR 1.29 [95% CI 0.63, 2.63]).

Comparing the safety trajectories of different 
classes of NSAIDs. The trajectory of GI AEs differed based on 
NSAID classification. Patients receiving traditional NSAIDs expe-
rienced the highest likelihood of GI AEs at most time points, and 

the risk ratios were statistically significant at 4 (RR 1.54 [95% CI 
1.23, 1.93]) and 12 weeks (RR 1.52 [1.31, 1.77]). For patients 
using intermediate COX inhibitors, the likelihood of developing GI 
AEs was higher than in the placebo group at most time points, 
but it was statistically significant only at 4 weeks (RR 1.37 [95% 
CI 1.02, 1.84]). Patients receiving celecoxib showed the lowest 
likelihood of GI AEs among NSAID classes, not reaching statistical 
significance at any individual time point.

The rates of CV AEs observed in patients receiving celecoxib 
and intermediate COX inhibitors were not statistically significantly 
different from their respective placebo groups at any time point. 
Patients receiving traditional NSAIDs were statistically significantly 
more likely to report a CV AE at 4 weeks. There were no significant 
differences between the traditional NSAIDs and placebo groups 
at 2 or 12 weeks. The majority of GI and CV AEs collected at any 
time point for all NSAID classifications were transient and of minor 
severity.

DISCUSSION

Our meta-analysis showed that, while NSAIDs demonstrated 
rapid benefits for pain and functional outcomes, the effects 

Figure 3.  Trajectory of effects of different classes of nonsteroidal antiinflammatory drugs on pain (A) and function (B). COX = cyclooxygenase.
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attenuated and lost clinical significance by 8 weeks. Although the 
magnitude of the effect differed between the 3 different classes 
of NSAIDs, the effect consistently waned over time across all 
classes. Meanwhile, the incidence of minor GI and CV AEs in 
NSAID users rose as early as 2 weeks after treatment initiation 
and remained elevated thereafter. The use of traditional NSAIDs 
was associated with the least favorable safety profile.

Our study expands upon the oral NSAIDs-related findings 
from another meta-analysis that was conducted over a decade 
ago (28). At the time, the study assembled pain outcomes from 
25 RCTs of oral NSAIDs, which included some treatments we 
considered ineligible for our review (e.g., valdecoxib and lumira-
coxib) and double-counted the results from 1 RCT published as 2 
reports (29,30). Our study included a much larger pool of 72 RCTs 
and evaluated both pain and functional outcomes in addition to 
the timeline of safety measurements. Nevertheless, the results of 
the prior meta-analysis were consistent with ours with regard to 
pain relief that peaked at ~2 weeks and steadily declined there-
after. Based on our findings coupled with the current literature, 
clinicians should weigh the likelihood of a decline in symptomatic 
benefit against the risk of early-onset minor AEs, along with the 
patient perceptions, tolerability, and preferences when extending 
an NSAID treatment regimen beyond 12 weeks (31–33).

The results of our subgroup analyses contingent upon NSAID 
classification revealed that although all NSAIDs shared a similar 
trend of efficacy, traditional NSAIDs as a group demonstrated 
the largest effects on pain and function. This finding could be 
explained by the fact that the group of selective COX-2 inhibi-
tors in our review was populated by only 1 drug, celecoxib, since 
other coxibs that might belong to the group did not satisfy our 
selection criteria (i.e., FDA-approval for use in the US). Three 
recent network meta-analyses ranking the efficacy of individual 
NSAIDs of all classes demonstrated very modest clinical effects 
of celecoxib, even at its maximum approved daily dose, relative 
to other coxibs or traditional NSAIDs (34–36); our findings thus 
corroborate those results. An important takeaway from the afore-
mentioned network meta-analyses was that the effects of NSAIDs 
were dose-dependent and varied among individual drugs within 
and even between NSAID classes. While these meta-analyses 
provided detailed treatment rankings, a major strength of our 
study is that we have examined the therapeutic trajectory instead 
of single time points targeted by network meta-analyses and 
answered a broader question regarding the expected duration of 
beneficial effects of NSAIDs. The information from our study and 
from previous network meta-analyses provides clinicians with a 
strong background of evidence by which to establish the optimal 
treatment regimen.

The distinction between NSAIDs based on COX-2 selectivity 
was made primarily to examine their safety profile, with the focus 
on GI and CV AEs. In our study, all classes of NSAIDs demon-
strated a greater probability of GI AEs. The incidence of minor 
GI AEs rose with the decline of COX-2 selectivity among NSAID 

classes, reaching the highest point with the traditional NSAIDs 
group. This group (and, to a lesser extent, the intermediate 
NSAIDs group) demonstrated statistically significantly more minor 
GI AEs at 4 weeks; the relative risk of minor GI events remained 
elevated at 12 weeks in patients taking traditional NSAIDs. We did 
not observe the similarity in GI tolerability between the selective 
and intermediate COX inhibitors noted in a 2015 network meta-
analysis on NSAID-induced GI injury, possibly owing to the differ-
ence in the selection of coxibs under review. Our analyses of CV 
AE risks indicated that the incidence of minor CV events also rose 
with the reduction in COX-2 selectivity; they were the lowest for 
celecoxib and the highest for the traditional NSAIDs (37).

Although the follow-up time of our study limited our safety 
analyses to the observation of minor AEs, the overall trends we 
observed in our results align with the findings from a 2004 study 
by Richy et al (13). This study assessed a more heterogeneous 
population of NSAID users but demonstrated an early develop-
ment of GI complications after initiation of treatment with NSAIDs, 
with timing that varied from 1 week for indomethacin to over 1 
month for other NSAIDs.

Current clinical practice guidelines recommend the use of 
traditional NSAIDs with a proton-pump inhibitor (PPI), or use of 
celecoxib with or without a PPI, to minimize the risk of GI toxic-
ity in patients with moderate or high comorbidity risk (5,6). For 
patients with CV comorbidities, naproxen or celecoxib have been 
suggested to minimize the risk of a CV AE (38). Clinical practice 
guidelines have also indicated that NSAIDs should be used at the 
lowest effective dose and for the shortest duration (5). The results 
of our study support these recommendations, demonstrating the 
rapidity with which minor negative reactions can occur during 
NSAID treatment.

The results of our study should be interpreted in light of cer-
tain limitations. First, we did not perform separate analyses of the 
studies using the individual drugs’ highest recommended dose 
because the data would be too scarce to derive meaningful trajec-
tories of their effects on pain and function. Thus, our results may not 
have pinpointed the absolute measure of potency for the included 
NSAIDs. Second, the quality of our study was limited by the qual-
ity of the underlying data. One of the primary concerns among 
the included studies was the potential for attrition bias. There 
was a tendency for attrition rates in both treatment and placebo 
study arms to be high, but the reasons for discontinuation were 
unbalanced: a larger share of patients withdrew from the placebo 
group due to lack of efficacy, whereas more patients from treat-
ment groups withdrew due to AEs. In the context of our results, a 
higher withdrawal rate due to AEs in the intervention group could 
skew treatment effects toward the null because patients who dis-
continued may have been experiencing pain relief or functional 
improvement despite any adverse experience; conversely, a higher 
withdrawal rate due to lack of efficacy in the placebo group could 
inflate the placebo effects because the participants who experi-
enced the least benefit have discontinued the study. In a majority 
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of the studies, withdrawals were tallied at the end of the study and 
details were not provided for each time point. Therefore, we could 
not quantify the effect of attrition on the treatment effect at specific 
time points. Overall, due to the attrition imbalance we observed 
across many of the RCTs, our results may have ultimately under-
stated the overall treatment effects of NSAIDs.

Another limitation of our study is the lack of data at and beyond 
the 26-week time point. Only 2 studies reported efficacy results at 
26 weeks, and celecoxib was the only treatment represented at 
this time point. Consequently, the overall estimates for treatment 
effects at 26 weeks are less precise due to a lower number of 
participants, and we were unable to conduct subgroup analyses 
restricting by NSAID classification at this time point. Given that 
celecoxib was found to be less effective than traditional NSAIDs 
overall, our efficacy estimates for pain and functional outcomes at 
26 weeks could be an underestimation of the longer-term effects of 
NSAIDs overall. The scarcity of longer-term follow-up data means 
that our results may not be generalizable beyond 12 weeks.

Our analyses of safety outcomes were limited by several fac-
tors. First, the risk estimates from our study might be smaller than 
those observed in clinical practice because the knee OA popula-
tion that was included is more restricted and less representative 
of the general OA population, and because patients with previous 
GI or CV issues were most likely excluded from the enrollment. 
However, our risk estimates are less biased compared with the 
observational studies because the randomized nature of our data 
more accurately controls for confounding factors and other biases 
that limit the interpretation of non-RCT data. Second, we were 
unable to evaluate the risks for major vascular events (such as 
myocardial infarction, stroke, or coronary death) or serious GI com-
plications (e.g., GI bleed, perforation, or obstruction) because very 
few of these events were observed during the study periods in the 
included pool of studies. Therefore, our safety analyses incorpo-
rated more commonly reported minor events, such as the symp-
toms of GI upset or edema or hypertension, and the resulting RRs 
may inadequately reflect the risks of major GI and CV AEs. Further-
more, some of the AEs assembled within the CV AEs group, such 
as edema and hypertension, may have been at least partly effected 
by prostaglandin-mediated effects on renal physiology (39).

Third, the median follow-up time for included studies was  
6 weeks, which prevented us from analyzing data on AEs that 
may arise from extended NSAID use. The shorter follow-up times 
of the included studies may have also introduced bias with regard 
to the types of AEs we collected. For example, minor GI events are 
common and may manifest in numbers sufficient for an analysis in 
short-term usage periods of an oral treatment, but very few major 
CV events may be detected within such a brief follow-up period. 
Finally, in order to maximize the use of available data, we collected 
composite rates, and in situations where individual events were 
reported separately (e.g., diarrhea, dyspepsia, and nausea), we 
summed the number of participants experiencing each event to 
mimic a composite rate for the organ system. We considered this 

approach to be justified by the fact that summation of event rates 
occurred in both treatment and placebo groups; however, the raw 
event rates may be a slight overestimation of the actual number of 
patients who experienced GI and/or CV AEs. Despite the above 
limitations, we detected a statistically significantly heightened risk 
of minor GI AEs and (in the case of traditional NSAIDs) minor CV 
AEs as early as 4 weeks after treatment initiation in the knee OA 
RCT population. Considering that this estimate is coming from a 
relatively low-risk population, these values may be a conservative 
estimate of those observed in the general OA population.

Our results should be interpreted with caution because they 
focus on the trajectory of response to single regimens in contrast 
to the dose adjustments and switching that happen in clinical 
practice (40). Repeated cycles of continuous NSAID use of longer 
duration have been suggested both as an alternative to intermit-
tent as-needed use and as a replacement for chronic use (41). 
However, the results of our study suggest that such a treatment 
regimen may lack long-term efficacy while increasing the risks for 
adverse treatment effects. Even though repeated NSAID cycles 
are used by some clinicians, their efficacy trajectory is unknown 
because long-term clinical trial data on this treatment regimen 
are lacking. Future research should focus on incorporating study 
designs that mimic real-world clinical practice to better character-
ize the efficacy trajectory in these scenarios.

In conclusion, this study described the efficacy and safety 
trajectories of oral NSAIDs for knee OA over a 26-week period 
and showed that oral NSAIDs provide statistically significant pain 
reduction and functional improvement from as early as 2 weeks 
and up to 26 weeks of use, with the magnitude of the effect 
decreasing over this time period and no longer attaining clinical 
significance after 8 weeks. At the same time, a statistically sig-
nificant risk of minor GI AEs was evident from 4 weeks of expo-
sure. This information should be taken into account together 
with patient-specific safety profiles and preferences, comorbid 
conditions, and concomitant medications to aid clinicians in their 
decisions on the prescription of oral NSAIDs.
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Therapeutic Alliance Between Physical Therapists 
and Patients With Knee Osteoarthritis Consulting Via 
Telephone: A Longitudinal Study
Belinda J. Lawford,1  Kim L. Bennell,1 Penny K. Campbell,1 Jessica Kasza,2 and Rana S. Hinman1

Objective. To explore therapeutic alliance between physical therapists and patients with knee osteoarthritis during 
telephone consultations. Specifically, to describe and compare physical therapist and patient ratings, to determine 
whether alliance changes over time, and to evaluate whether individual characteristics are associated with alliance.

Methods. We performed a secondary analysis of 84 patients in the intervention arm of a randomized controlled 
trial who completed 5–10 consultations with 1 of 8 physical therapists via telephone over 26 weeks, involving educa-
tion, advice, and prescription of a strengthening and physical activity program. Therapeutic alliance was measured 
after the second (week 4) and final consultations (week 26), using the Working Alliance Inventory–Short Form.

Results. Patient and physical therapist ratings of the alliance were high. At week 4, patients rated the overall 
alliance, and all 3 subscales, higher than therapists. At 26 weeks, patients rated the Task subscale higher than ther-
apists. Patient ratings for the Goal subscale decreased over time, while physical therapist ratings for total alliance 
and the Bond subscale increased. For patients, the variables of living with others, consulting with a therapist with no 
previous experience delivering care remotely, having more telephone consultations, and having a higher self-efficacy 
were associated with greater alliance ratings. Therapists were more likely to perceive a stronger alliance if they had 
less clinical experience and when treating patients who were younger and had higher self-efficacy.

Conclusion. Physical therapist perceptions of the therapeutic alliance tended to be lower than those of patients 
early in treatment, but differences were small and of unclear clinical significance. Some subgroups of patients rated 
the alliance more strongly than others.

INTRODUCTION

Knee osteoarthritis (OA) is a common and debilitating  
condition affecting approximately 24% of the adult population 
(1), causing pain, impaired function, and reduced quality of life. 
There is no cure for OA, and lifestyle management remains the 
cornerstone of evidence-based care. Recommended strategies 
include education, exercise, and, if appropriate, weight loss 
(2,3). However, effect sizes for these interventions for improving 
pain and function are modest at best (2,3); thus there is much 
research interest in understanding how treatment effectiveness 
could be improved.

An emerging area of interest is the relationship between  
clinicians and patients, known as the therapeutic alliance. Ther-
apeutic alliance is conceptualized as the sense of collaboration, 
warmth, and support between a patient and clinician (4). Bordin’s 
model of therapeutic alliance (4) focuses on 3 elements of this 
relationship: agreement on goals, agreement on tasks, and per-
sonal bond. Therapeutic alliance has been studied extensively in 
patients with psychological conditions receiving psychotherapy, 
with research showing it is correlated with positive outcomes fol-
lowing therapy (5), such as recovery from schizophrenia, improved 
global mental health, reduced drug use, better adherence to ther-
apy, and a reduction in depressive symptoms. Similarly, there is 
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increasing evidence that therapeutic alliance is also important in 
other fields of health care (6). For example, a stronger patient-
physician alliance has been correlated with better emotional 
acceptance of terminal disease and less time spent in intensive 
care in patients with cancer (7), and with more positive rehabilita-
tion outcomes in patients with multiple sclerosis (8).

There is emerging evidence that the therapeutic alliance 
is important in musculoskeletal rehabilitation. A systematic 
review found that the alliance between patients with chronic 
musculoskeletal pain (including chronic low back pain or gen-
eral musculoskeletal pain) and their treating therapists (includ-
ing physical therapists, occupational therapists, psychologists, 
and sports therapists) was positively associated with improve-
ments in pain severity and physical function in all 5 included 
studies (9). Two recent systematic reviews have investigated the 
impact of the therapeutic alliance between physical therapists 
and patients on outcomes of treatment for chronic musculo-
skeletal pain (10). These reviews have concluded that a stronger 
therapeutic alliance was associated with significant improve-
ments in pain (11,12), as well as improvements in disability 
and function and greater global perceived effect (11). Further-
more, a recent scoping review of therapeutic alliance in mus-
culoskeletal physical therapy and occupational therapy practice 

also found some evidence that an enhanced therapeutic alli-
ance has beneficial effects on adherence to interventions (13).  
Unfortunately, the few studies eligible for inclusion in these 
reviews all involved patients who had chronic low back pain, 
and thus research investigating the therapeutic alliance between 
physical therapists and patients with knee OA is required.

All of the literature investigating the therapeutic alliance in 
chronic musculoskeletal pain has focused on face-to-face, in-
person consultations between patients and clinicians. However, 
interest in (14,15), and evidence to support (16,17), remotely 
delivered health care (i.e., telerehabilitation) for chronic muscu-
loskeletal conditions is growing. Given that physical touch and 
nonverbal cues (e.g., gestures, head nodding, and eye contact) 
play an important role in communication between physical ther-
apists and their patients (18,19), the delivery of care via telereha-
bilitation has been regarded as possibly having a negative impact 
on the therapeutic alliance (20,21). Although there is qualitative 
evidence that both physical therapists and patients with OA who 
have received, or delivered, care via telephone (20,22) and Skype 
video-conferencing (23) believe that they are able to develop 
strong relationships, no previous studies have quantitively inves-
tigated the therapeutic alliance between physical therapists and 
patients with OA consulting via telerehabilitation. Thus, the goal 
of this study was to explore the therapeutic alliance developed 
between physical therapists and patients with knee OA during 
telephone-delivered consultations for exercise advice and sup-
port. Specific aims were to describe and compare physical ther-
apist and patient ratings of the therapeutic alliance, to determine 
whether the therapeutic alliance changes over time, and to evalu-
ate whether individual patient or physical therapist characteristics 
are associated with therapeutic alliance.

MATERIALS AND METHODS

Design. This study used data collected concurrently from the 
intervention arm of a randomized controlled trial (RCT; Australian 
New Zealand Clinical Trials Registry ANZCTRN 12616000054415) 
evaluating the effectiveness of incorporating exercise advice and 
support by physical therapists for adults with knee OA into an 
existing musculoskeletal telephone service delivered by nurses 
(24).

Patients. Eighty-four patients with knee OA were random
ized to the intervention arm of the RCT. Briefly, inclusion criteria 
for involvement in the trial included meeting the National Institute 
for Health and Care Excellence OA clinical criteria (age ≥45 years, 
activity-related joint pain, and morning stiffness ≤30 minutes) (2), 
having average knee pain of ≥4 on an 11-point numeric rating 
scale, and having a history of knee pain for at least 3 months. 
Exclusion criteria have been published elsewhere (24). Patients 
were recruited from metropolitan, regional, and rural areas 
across Australia using advertisements on social media, through 

SIGNIFICANCE & INNOVATIONS
• The therapeutic alliance between patients and cli-

nicians has an important influence on clinical out-
comes, yet no previous studies have investigated 
the alliance between patients with knee osteoar-
thritis and physical therapists who consult via tele-
phone.

• We found that, on average, patient and physical
therapist ratings of the alliance were high. Patients 
rated the alliance significantly higher than physical 
therapists early in treatment, but scores general-
ly converged by the end of treatment. However, 
differences were small and of unclear clinical 
significance.

• For patients, the variables of living with others,
consulting with a therapist who had no previous 
experience delivering care remotely, having more 
consultations, and having higher self-efficacy were 
associated with greater alliance ratings. Therapists 
were more likely to perceive a stronger alliance if 
they had less clinical experience and when treating 
patients who were younger and with higher self-
efficacy.

• Findings suggest that physical therapists should not
assume that their perceptions of the alliance match 
those of their patients, and that some subgroups of 
patients tend to rate the alliance higher. However, 
further research is required to investigate whether 
differences in ratings have a meaningful impact on 
clinical outcomes.
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community organizations, in medical clinics, on the radio, in news
papers, and using previous volunteer databases.

Patient demographic variables were collected at baseline. 
These included: 1) age; 2) sex; 3) living arrangement (alone or 
with others); 4) employment status (currently employed part- or 
full-time or unemployed/retired); 5) education level (<3 years of 
high school, ≥3 years of high school, some tertiary training, gradu-
ated from university or polytechnic, or any postgraduate study); 6) 
self-efficacy, measured using the Arthritis Self-Efficacy Scale (25); 
overall scores range 3–30, with higher scores indicating greater 
self-efficacy, and scores for subscales (pain, function, other symp-
toms) range 1–10; 7) physical function, measured using the West-
ern Ontario and McMaster Universities Osteoarthritis Index (26); 
scores range 0–68, where lower scores indicate better function; 
and 8) overall average knee pain in the past week, measured with 
a numeric rating scale (range 0–10, where 0 = no pain and 10 = 
worst pain possible).

Physical therapists. Eight physical therapists were 
recruited in Victoria, Australia, to deliver the intervention for the 
trial. Selection criteria included a physical therapy qualification, 
at least 2 years of musculoskeletal professional experience, and 
current Australian registration to practice. Demographic variables 
were collected from each physical therapist, including years of 
clinical experience, work setting (private and/or public), previous 
experience delivering care remotely (yes or no), and previous train-
ing in behavior change (yes or no).

Intervention. The intervention has been described in detail 
elsewhere (24). Briefly, all patients (including those in the control 
arm) received an initial telephone call from a nurse who staffed 
the existing musculoskeletal help-line, where the patients received 
general information and advice about OA. Patients who were allo-
cated to the intervention group additionally received between 5 
and 10 telephone consultations from 1 of the 8 physical therapists 
over a 26-week period, which are the focus of this study. The 
number of consultations was negotiated between patients and 
physical therapists based on individual progress and goals. Ini-
tial consultations were approximately 40 minutes in length, and 
follow-up consultations were approximately 20 minutes. Physical 
therapists worked with patients to devise goals and an action plan 
that involved a home-based structured strengthening exercise 
program and/or a physical activity plan.

Over the 26 weeks, physical therapists adjusted the program 
as necessary, while also providing support by working to increase 
patient knowledge and understanding of knee OA and the bene-
fits of exercise. Physical therapists used person-centered practice 
principles and behavior-change techniques to help increase the 
patient’s motivation to exercise and build confidence in their ability 
to undertake, and adhere to, an exercise program. These principles  
and skills were taught to the physical therapists during a training  
program by HealthChange Australia (http://www.healt​hchan​

ge.com/) prior to trial commencement (27). This training involved 
an initial 2-day workshop, a period of practice consultations with 
patients with knee OA, and a final follow-up training day (27). 
Briefly, the methodology involved a set of practice principles to 
foster effective communication, techniques to identify and address 
barriers to behavior change, and a framework to guide decision-
making.

Patients were provided with a study folder containing 
information about OA and its effective management, as well 
as exercise instructions. Patients were also mailed 3 exercise 
resistance bands for home exercises and provided with access 
to a study website that contained video demonstrations of 
each exercise.

Therapeutic alliance measures. Therapeutic alliance 
was measured using the Working Alliance Inventory–Short Form 
(WAI-SF) (28,29), a commonly used valid and reliable measure 
(29). The WAI-SF contains 12 statements relating to the perceived 
trust and agreement between the therapist and client (e.g., “My 
patient/physiotherapist and I agree about the things they/I will 
need to do in therapy to help improve my situation”). Responses to 
each item range across on a 7-point scale from never feeling that 
way to always feeling that way. Overall scores range 12–84 (with 
higher scores indicating a stronger therapeutic alliance) (28,29). 
The WAI-SF has 3 subscales: Task (agreement on management 
methods being used; items 1, 2, 8, and 12), Bond (feelings of 
appreciation and trust; items 3, 5, 7, and 9), and Goal (agreement 
on aims and objectives of treatment; items 4, 6, 10, and 11). Sub-
scale scores range 4–28, with higher scores indicating a stronger 
alliance.

Patients with knee OA and physical therapists completed the 
WAI-SF after their second consultation (at approximately week 
4 of the 26-week intervention), as recommended (29). Patients 
then completed the WAI-SF again as part of their 26-week follow- 
up questionnaire at the end of the intervention period. Physical 
therapists completed the WAI-SF immediately after their final 
consultation with the patient, which occurred anywhere between 
weeks 21 and 26 of the 26-week intervention, depending on the 
individual patient. For ease of reporting, the initial completion of 
the WAI-SF will be referred to as week 4 and the final as week 26.

Statistical analysis. Analysis was undertaken using Stata 
software, version 15.1. Mean ± SDs of patient and physical ther-
apist characteristics, and of therapeutic alliance ratings, were 
calculated. To address each of the aims, mixed linear regression 
models were fit for each of the subscale and total therapeutic 
alliance scores, including data from both time points and from 
physical therapists and patients. Random intercepts for physi-
cal therapists and for patients were included to account for the 
clustering of measurements within patients and patients within 
physical therapists. Restricted maximum likelihood was used to 
estimate parameters, and the Kenward and Roger small-sample 

http://www.healthchange.com/
http://www.healthchange.com/
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method was used to adjust for the small numbers of physical ther-
apist clusters.

To address the first and second aims, fixed effects for time 
(week 4 or 26) and an indicator for whether a physical therapist 
or a patient provided the measurement, as well as the interaction 
between time and this factor, were included. These fixed effects 
were used to compare changes of ratings from week 4 to week 
26 within physical therapists and patients, as well as between 
physical therapists and patients at weeks 4 and 26. For the third 
aim, patient/physical therapist characteristics were additionally 
included in the mixed linear regression models, including the 
main effect and all 2- and 3-way interactions with time and with 
physical therapist/patient. Linear regression assumptions (linear-
ity, normality, and heteroscedasticity of residuals) were assessed 
with standard diagnostic plots. Results in the article are based 
on complete case analyses. In sensitivity analyses, missing alli-
ance measures were imputed 25 times using chained equations 
with predictive mean matching, with missing values imputed 
from among the 3 nearest neighbors (30). Imputation models 
included all demographic characteristics in Table 1.

RESULTS

Characteristics of patients with knee OA. Approx-
imately one-third of patients in the sample (Table  1) were male 
(36%) and the mean ± SD age of the patients was 62.3 ± 9.3 
years. Just over half of patients (54%) lived in metropolitan areas 
of Australia. At baseline, the mean ± SD knee pain was 6.0 ± 1.5 
on an 11-point numeric rating scale. Patients completed a mean 
± SD 6.3 ± 1.8 of a maximum of 10 telephone consultations with 
physical therapists.

Characteristics of physical therapists. Four of the 
8 physical therapists were male. Half of the physical thera-
pists worked exclusively in private physical therapy settings 
(Table 2). Physical therapists had a mean ± SD 13.8 ± 8.2 years 
of clinical experience, and none had previous experience deliv-
ering care via telephone, but 2 had previously delivered care 
via video-conferencing. Some physical therapists had com-
pleted postgraduate training in knee OA or behavior-change 
techniques, and most had completed postgraduate training in 
exercise therapy.

Therapeutic alliance ratings. Table 3 shows mean thera-
peutic alliance ratings by patients and physical therapists at week 
4 and week 26 for each of the 3 subscales of the WAI-SF (Goal, 
Task, and Bond) and overall total scores. Overall, both patient and 
physical therapist scores were high. At weeks 4 and 26, the mean 
± SD total patient ratings were 75.3 ± 7.4 and 73.3 ± 9.7 of 84, 
respectively, with mean ± SD physical therapist scores of 71.0 ± 

Table  1.  Characteristics of patients with knee osteoarthritis  
(n = 84)*

Characteristics Values
Male, no. (%) 30 (36)
Age, years 62.3 ± 9.3
Body mass index, kg/m2 30.9 ± 6.8
Location, no. (%)†

Metropolitan 45 (54)
Nonmetropolitan 39 (46)

Living arrangements, no. (%)
Living with others 71 (85)
Living alone 13 (15)

Employment status, no. (%)
Work full- or part-time 35 (42)
Unemployed or retired 49 (58)

Education, no. (%)
<3 years high school 5 (6)
≥3 years high school 19 (23)
Some tertiary training 21 (24)
Graduated university/polytechnic 24 (29)
Any postgraduate study 15 (18)

Knee pain (NRS) 6.0 ± 1.5
Physical function (WOMAC) 29.4 ± 10.3
No. of calls with physical therapist during trial 6.3 ± 1.8
Self-efficacy (ASES)

Pain 6.0 ± 1.7
Function 7.5 ± 1.6
Other symptoms 6.7 ± 7.8
Total 20.2 ± 4.0

* Values are the mean ± SD unless indicated otherwise. NRS = 
numeric rating scale (range 0–10, where lower scores indicate 
less pain); WOMAC = Western Ontario and McMaster Universities 
Osteoarthritis Index (range 0–68, where lower scores indicate better 
function); ASES = Arthritis Self-Efficacy Scale (subscales range 1–10, 
where higher scores indicate greater self-efficacy; total scores range 
3–30). 
† Defined according to The Australian Statistical Geography Standard 
Remoteness Structure (http://www.abs.gov.au/websi​tedbs/​d3310​
114.nsf/home/remot​eness​+struc​ture). 

Table 2.  Characteristics of physical therapists (n = 8)*

Characteristics Values
Male 4 (50)
Age, mean ± SD years 35.4 ± 8.2
Clinical experience, mean ± SD years 13.8 ± 8.2
No. of patients consulted with during the trial,  

mean ± SD
10.5 ± 2.1

Work setting
Mixed private and public 2 (25)
Private 5 (63)
Public 1 (12)

Previous experience delivering care remotely via 
technology

Yes 2 (25)
No 6 (75)

Postgraduate training in knee osteoarthritis
Yes 3 (37)
No 5 (63)

Postgraduate training in exercise
Yes 7 (88)
No 1 (12)

Postgraduate training in behavior change†
Yes 3 (37)
No 5 (63)

* Values are the number (%) unless indicated otherwise. 
† Excluding the trial-specific training in person-centered principles 
and behavior change techniques. 

http://www.abs.gov.au/websitedbs/d3310114.nsf/home/remoteness+structure
http://www.abs.gov.au/websitedbs/d3310114.nsf/home/remoteness+structure
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5.5 at week 4 and 73.1 ± 7.2 at week 26. Over weeks 4 and 26, 
subscale scores ranged from 24.0 to 25.7 of 28 for patients, and 
from 23.3 to 24.7 for physical therapists.

Differences between patient and physical therapist 
ratings. At week 4, patients rated the overall alliance, as well as 
all subscales, significantly higher than physical therapists (Table 3). 
At 26 weeks, patients rated only the Task subscale significantly 
higher than physical therapists (mean difference 0.9 [95% confi-
dence interval (95% CI) 0.1, 1.7]), with no significant differences 
between ratings for the Goal or Bond subscales or total scores.

Change in alliance over time. For patients, scores for 
the Goal subscale decreased significantly over time (–1.1 [95% 
CI –1.9, –0.2]). Scores for the total, as well as Task and Bond 
subscales, did not change significantly. For physical therapists, 
ratings for the Bond subscale of the alliance improved significantly 
from week 4 to 26 (1.0 [95% CI 0.2, 1.8]). Scores for the total, as 
well as Goal and Task subscales, did not change significantly.

Characteristics associated with alliance ratings. 
Table 4 shows patient and physical therapist characteristics that 
were significantly associated with total therapeutic alliance scores. 
Scatter plots of each continuous variable against alliance ratings 
are provided in Supplementary Figures 1–8,  available on the 
Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23890/​abstract. Patients who lived with others 
rated the alliance significantly higher than those who lived alone at 
both week 4 and week 26 (regression coefficient 7.6 [95% CI 2.8, 
12.4] and 5.7 [95% CI 1.0, 10.5], respectively). Patients who were 
treated by physical therapists who had prior experience delivering 
care remotely rated the alliance significantly lower at week 26 than 
those consulting physical therapists who had no such experience 
(regression coefficient –4.6 [95% CI –8.5, –0.7]). Higher ratings of 
self-efficacy for “other” arthritis symptoms were associated with 
higher ratings of therapeutic alliance at week 4 (for each 1-unit 
increase in self-efficacy, there was an estimated 1.2-unit increase 
in alliance [95% CI 0.1, 2.2]). Each 1-unit increase in self-efficacy 

for pain was associated with an increase in alliance at week 26 of 
1.0 units (95% CI 0.0, 2.0). Each additional telephone consultation 
during the trial was associated with an increase in alliance ratings 
at week 26 of 1.0 units (95% CI 0.1, 1.9).

Patient age was inversely associated with physical therapists’ 
alliance ratings at 26 weeks (–0.3 [95% CI –0.4, –0.1]), as physical 
therapists’ alliance ratings tended to decrease with increasing age 
of the patient. Similarly, physical therapists’ years of experience 
were inversely associated with their ratings of alliance at 26 weeks 
(–0.2 [95% CI –0.5, –0.0]), with more experienced physical thera-
pists tending to rate the alliance lower. Patient self-efficacy (total 
scores) was positively associated with physical therapists’ alliance 
ratings at week 26 (0.4 [95% CI 0.0, 0.9]) and self-efficacy for 
managing pain was positively associated with physical therapists’ 
alliance scores at week 26 (1.1 [95% CI 0.0, 2.2]), as physical ther-
apists rated the alliance higher for patients with higher self-efficacy.

DISCUSSION

The aim of this study was to describe and explore the thera-
peutic alliance between physical therapists and patients with knee 
OA during telephone consultations for exercise advice and sup-
port. We found that both patient and physical therapist ratings 
of the alliance were high. Patients rated the alliance significantly 
higher than physical therapists early in treatment, with scores 
generally converging after their final consultation. However, differ-
ences in ratings were generally small (e.g., up to 6.4 of 84 units) 
and of uncertain clinical relevance. A number of baseline char-
acteristics were associated with higher alliance ratings both by 
patients (living with others, being treated by a physical therapist 
with no prior experience delivering care remotely, having higher 
self-efficacy, and having more telephone consultations) and physi-
cal therapists (having less clinical experience and treating patients 
who were younger and had higher self-efficacy). However, given 
the large number of characteristics explored and the subsequent 
risk of Type I error, these findings must be interpreted with caution.

Our findings reflect research in patients with psychological 
conditions, who also tend to rate the alliance higher than their 

Table 3.  Ratings of therapeutic alliance by patients with knee osteoarthritis and their treating physical therapists*

Subscales‡

Patient ratings 
(n = 84) Physical therapist ratings (n = 8)

Difference between patient and 
physical therapist ratings†

Week 4 
(n = 70)

Week 26 
(n = 81)

Change over 
time, 

mean (95% CI)
Week 4 
(n = 82)

Week 26 
(n = 76)

Change over 
time, 

mean (95% CI)
Week 4 

mean (95% CI)

Week 26 
mean 

(95% CI)
Goal 25.7 ± 2.8 24.6 ± 3.9 –1.1 (–1.9, –0.2) 24.3 ± 1.8 24.7 ± 2.2 0.4 (–0.4, 1.2) 1.4 (0.5, 2.2) –0.1 (–0.9, 0.8)
Task 25.1 ± 2.5 24.7 ± 3.5 –0.5 (–1.3, 0.3) 23.3 ± 2.4 23.9 ± 3.3 0.5 (–0.3, 1.2) 1.8 (1.1, 2.6) 0.9 (0.1, 1.7)
Bond 24.5 ± 3.2 24.0 ± 3.8 –0.5 (–1.3, 0.2) 23.4 ± 2.1 24.5 ± 2.4 1.0 (0.2, 1.8) 1.1 (0.3, 1.9) –0.4 (–1.2, 0.3)
Total§ 75.3 ± 7.4 73.3 ± 9.7 –2.1 (–4.1, 0.0) 71.0 ± 5.5 73.1 ± 7.2 1.8 (–0.2, 3.8) 4.3 (2.2, 6.4) 0.4 (–1.6, 2.4)

* Values are the mean ± SD unless indicated otherwise. Differences between the number of consultations at weeks 4 and 26 are due to missing 
data. 95% CI = 95% confidence interval. 
† Calculated as (patient score) – (physical therapist score). Positive values indicate a higher patient rating. 
‡ Scores range 4–28. 
§ Total scores range 12–84. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23890/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23890/abstract
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treating psychologists (31–35), and with differences being greater 
early in treatment (34). Although comparison across studies is dif-
ficult, 1 study also used the WAI-SF and reported a 6-point dif-
ference between client and therapist scores (31). Our observed 
patient-physical therapist differences were smaller (4.3 at week 4 
and 0.4 at week 26), which may reflect differences in the sample 
characteristics and/or nature of the interventions. Patients may 
rate the alliance higher than clinicians because patients have a 

different role in therapy (36) and likely commence treatment with 
expectations of improvement and an optimistic outlook, which can 
influence the strength of the alliance (37). Clinicians, on the other 
hand, may not necessarily have the same treatment expectations, 
because they have a broader reference group when judging the 
strength of the alliance with any 1 patient (34,35). Although our 
findings suggest that physical therapists’ perceptions of the ther-
apeutic alliance do not necessarily reflect those of their patient, the 

Table 4.  Association between baseline variables and ratings of therapeutic alliance*

Patient rating Physical therapist rating

Total week 4 Total week 26 Total week 4 Total week 26
Binary variables, mean ± SD

Patient sex
Male 74.2 ± 8.3 71.5 ± 10.2 70.2 ± 5.1 72.3 ± 7.2
Female 76.0 ± 6.9 74.3 ± 9.4 71.4 ± 5.7 73.6 ± 7.2
Regression coefficient (95% CI) –1.9 (–5.5, 1.8) –2.6 (–6.1, 0.9) –1.2 (–4.7, 2.3) –1.3 (–4.9, 2.3)

Patient living arrangements
Living with others 76.5 ± 6.6 74.0 ± 9.3 71.4 ± 4.9 72.9 ± 7.1
Living alone 69.0 ± 8.9 68.6 ± 11.4 68.5 ± 7.6 74.7 ± 7.6
Regression coefficient (95% CI) 7.6 (2.8, 12.4) 5.7 (1.0, 10.5) 3.1 (–1.3, 7.6) –1.6 (–6.5, 3.3)

Patient employment status
Work full- or part-time 77.0 ± 6.5 73.4 ± 10.7 71.6 ± 4.4 75.0 ± 6.3
Unemployed/retired 74.2 ± 7.8 73.2 ± 9.1 70.5 ± 6.1 71.7 ± 7.5
Regression coefficient (95% CI) 2.1 (–1.6, 5.9) 0.4 (–3.1, 3.8) 1.1 (–2.4, 4.5) 3.2 (–0.3, 6.8)

Physical therapist previous experience delivering  
 care remotely

Yes 75.8 ± 8.5 70.0 ± 12.3 70.6 ± 4.8 72.1 ± 6.5
No 75.1 ± 7.0 74.6 ± 8.3 71.1 ± 5.7 73.5 ± 7.4
Regression coefficient (95% CI) 0.1 (–4.0, 4.2) –4.6 (–8.5, –0.7) –0.5 (–4.4, 3.3) –1.6 (–5.6, 2.4)

Physical therapist training in behavior change†
Yes 77.9 ± 6.3 73.1 ± 12.1 69.9 ± 4.6 71.4 ± 6.2
No 74.0 ± 7.7 73.4 ± 8.4 71.5 ± 5.9 73.9 ± 7.5
Regression coefficient (95% CI) 3.9 (0.0, 7.9) –0.1 (–3.8, 3.7) –1.6 (–5.4, 2.1) –3.4 (–7.3, 0.4)

Continuous variables, regression coefficient (95% CI) 
Patient age 0.0 (–0.2, 0.2) 0.0 (–0.2, 0.1) –0.1 (–0.3, 0.1) –0.3 (–0.4, –0.1)
Patient self-efficacy 

Pain 0.5 (–0.6, 1.6) 1.0 (0.0, 2.0) 0.7 (–0.3, 1.7) 1.1 (0.0, 2.2)
Function 0.6 (–0.6, 1.7) 0.3 (–0.8, 1.4) 0.2 (–0.8, 1.3) 0.8 (–0.3, 1.9)
Other symptoms 1.2 (0.1, 2.2) 0.9 (–0.1, 1.8) 0.6 (–0.4, 1.6) 0.7 (–0.3, 1.7)
Total 0.4 (–0.1, 0.9) 0.4 (0.0, 0.8) 0.3 (–0.1, 0.7) 0.4 (0.0, 0.9)

Physical function (WOMAC) 0.0 (–0.2, 0.1) 0.0 (–0.2, 0.1) 0.0 (–0.2, 0.1) –0.1 (–0.3, 0.0)
Knee pain (NRS) –0.1 (–1.4, 1.1) –0.9 (–2.0, 0.3) –0.1 (–1.3, 1.1) 0.4 (0.0, 1.9)
Physical therapist years of experience 0.0 (–0.3, 0.2) 0.0 (–0.2, 0.3) –0.1 (–0.3, 0.1) –0.2 (–0.5, –0.0)
Number of calls during the trial –0.6 (–1.6, 0.4) 1.0 (0.1, 1.9) –0.2 (–1.1, 0.8) –0.5 (–1.6, 0.6)

Ordinal variables, mean ± SD, regression coefficient (95% CI)
Education level

<3 years high school 73.6 ± 6.0, –2.9 
(–10.8, 5.1)

73.8 ± 5.5, –2.1 
(–9.9, 5.8)

74.6 ± 3.3, 6.1 
(–1.7, 14.0)

75.0 ± 7.1, 2.5 
(–5.3, 10.4)

≥3 years high school 78.8 ± 5.9, 2.6 
(–3.0, 8.1)

72.5 ± 2.6, –3.3 
(–8.6, 2.0)

70.7 ± 5.7, 2.2 
(–3.1, 7.5)

72.1 ± 7.6, –1.2 
(–6.6, 4.1)

Some tertiary training 73.6 ± 7.7, –2.6 
(–8.2, 2.9)

74.3 ± 9.4, –1.7 
(–6.8, 3.5)

71.9 ± 4.5, 3.4 
(–1.7, 8.6)

75.1 ± 6.7, 2.4 
(–2.8, 7.6)

Graduated university/polytechnic 73.1 ± 7.9, –3.5 
(–8.9, 1.8)

71.3 ± 10.3, –4.8 
(–9.8, 0.2)

71.2 ± 5.7, 3.0 
(–2.1, 8.0)

72.0 ± 6.9, –0.7 
(–5.9, 4.6)

Any postgraduate study 76.8 ± 7.8, (ref.) 75.9 ± 9.0, (ref.) 68.5 ± 6.1, (ref.) 72.5 ± 8.0, (ref.)
Physical therapist work setting

Private 74.9 ± 7.6, 1.6 
(–4.5, 7.7)

72.8 ± 9.0, –3.9 
(–9.8, 2.0)

71.2 ± 6.0, –0.1 
(–6.1, 5.8)

74.2 ± 7.0, 2.8 
(–3.1, 8.8)

Private and public 78.4 ± 4.6, 5.3 
(–1.8, 12.4)

72.8 ± 12.5, –3.6 
(–10.4, 3.2)

70.2 ± 4.0, –0.9 
(–7.7, 5.9)

71.3 ± 6.8, –0.4 
(–7.3, 6.4)

Public 72.9 ± 9.1 (ref.) 76.6 ± 8.1 (ref.) 71.2 ± 1.7 (ref.) 71.0 ± 7.9 (ref.)
* 95% CI = 95% confidence interval; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index (range 0–68, where lower scores 
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clinical importance of such small differences in perceptions of the 
alliance remains unclear. Commonly used measures of alliance, 
such as the WAI-SF, do not have standardized scores or cutoffs 
to define a score representative of a good alliance (38). Thus, 
determining whether the magnitude of the differences between 
patients and clinicians that we observed in our study has a mean-
ingful impact on therapy is difficult. Further research is required to 
determine the consequences, if any, of differences in patient and 
clinician perceptions of therapeutic alliance.

This is the first study to investigate the therapeutic alliance 
between patients with knee OA and physical therapists who con-
sult via telephone. Given the importance of physical touch and 
nonverbal gestures (e.g., head nodding, eye contact) in physical 
therapy (18,19), the therapeutic alliance developed during tele-
phone consultations may be weaker than that of traditional face-
to-face consultations. Unfortunately, the design of our trial did 
not include a face-to-face treatment arm to test this hypothesis. 
Furthermore, the few previous studies investigating therapeutic 
alliance in face-to-face physical therapy consultations have used 
different measurement tools (11,12), making direct comparisons 
with our findings difficult. One study (11), which used a differ-
ent version of the WAI, investigated the strength of the alliance 
between physical therapists and patients with chronic low back 
pain during 8 weeks of exercise and spinal manipulative therapy. 
After the second consultation, therapeutic alliance scores ranged 
from 97 to 99 of 112 (i.e., 86–88% of maximum), which are similar 
to what we observed in our telephone consultations (71–75 of 84, 
i.e., 85–89% of maximum). Consulting via telephone may not sig-
nificantly compromise the strength of the alliance between patients 
and clinicians, but further research comparing telephone and face-
to-face consultations using the same physical therapists, and the 
same intervention, is required. In other populations, there is evi-
dence that the alliance between nonprofessional health coaches 
who consult via telephone with adolescents with arthritis (39) and 
parents of children with psychosocial and behavioral issues (40) is 
similar to the alliance when face-to-face, which also suggests that 
a strong alliance can exist without in-person face-to-face contact.

An unexpected finding of our study was that patients rated 
the alliance higher at week 26 if their physical therapist did not have 
prior experience delivering care remotely. Among our small sam-
ple of 8 physical therapists, only 2 had prior experience delivering 
care remotely, both of whom had done so via video-conferencing. 
To our knowledge, no previous studies have investigated the influ-
ence of prior telerehabilitation experience on therapeutic alliance. 
Given that remote consultations require strong communication 
skills to compensate for lack of physical or visual cues (41), possi-
bly those with prior experience consulting remotely would be more 
skilled at communicating effectively via the telephone in this study, 
and hence have an enhanced ability to develop a stronger alliance 
with their patients. Why patients in our study perceived a lower 
alliance with physical therapists who had prior experience deliver-
ing care remotely is not clear. Possibly the inexperienced physical 

therapists were cognizant of their inexperience and actively com-
pensated for this gap in ways that led to their patients perceiving 
a greater alliance at week 26. Due to the large numbers of patient 
and physical therapist characteristics that were considered, we 
emphasize that this finding is inconclusive.

We also found that higher patient self-efficacy was associ-
ated with a stronger alliance, rated by both patients and physical 
therapists. To our knowledge, no previous studies have explored 
the relationship between self-efficacy and therapeutic alliance. 
Intuitively, those with greater self-efficacy managing their condi-
tion may be more willing and confident to engage in an active 
self-management exercise approach like that used in this study, 
and therefore may perceive a greater alliance with their physical 
therapist. Similarly, physical therapists may find it easier to build 
a positive alliance with patients who have higher self-efficacy, 
because the physical therapists may experience less resistance 
when prescribing a management program. These findings pro-
vide further evidence of the important role of self-efficacy in knee 
OA, and further reinforce the idea that self-efficacy is an important 
parameter to consider in clinical consultations (42).

Physical therapists in our study tended to rate the alliance 
lower for older patients at 26 weeks. This finding contrasts with 
previous research in psychotherapy, where patient age has been 
found to be unrelated to therapist-rated or patient-rated alliance 
(36,43). In fact, there is some evidence that older patients are more 
satisfied with physical therapy (44) and medical care (45), and 
that medical physicians are more likely to have person-centered 
encounters (which is linked to greater therapeutic alliance [46]) 
with patients ages >65 years (45). In physical therapy, there is 
some evidence that patient age is related to adherence to sports 
rehabilitation and that age moderates the relationship between 
therapeutic alliance and adherence, with younger patients hav-
ing greater adherence (47). Our study does not make clear why 
physical therapists tended to rate therapeutic alliance lower with 
older patients. However, given that older patients in our study did 
not perceive a lower alliance themselves, the clinical implications 
of these findings are unclear and further investigation is required.

In our study, patients who lived alone tended to rate ther-
apeutic alliance lower than those who lived with others at both 
time points. This finding may reflect differences in social support, 
which has previously been linked to the development of therapeu-
tic alliance. For example, patients with psychological conditions 
who have better social functioning have been found to develop 
a stronger alliance with their psychologist (32,34,48), and, con-
versely, patients who have difficulty maintaining social relationships 
are more likely to have difficulty forming a strong alliance (49). Col-
lectively, these findings suggest that clinicians should be aware of 
their patient’s social and/or living arrangements and may need to 
specifically focus on improving the strength of their therapeutic 
relationship for those who are living alone and/or socially isolated.

Our study has a number of strengths and limitations. 
Strengths include the use of a valid and reliable measure of 
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therapeutic alliance and the collection of data at 2 time points 
from both physical therapists and patients. Our study also had a 
relatively large sample size, and uniquely, investigated telephone 
calls as the medium for consultations. Our study also had some 
limitations. We were unable to evaluate whether therapeutic alli-
ance with the physical therapist was a treatment effect modera-
tor in our clinical trial, because the control arm did not undergo 
consultations with a physical therapist, and thus we could only 
collect therapeutic alliance data from within the intervention arm. 
Therefore, we cannot make inferences about the effect of ther-
apeutic alliance on clinical outcomes or treatment adherence. 
We included a large number of patient/physical therapist charac-
teristics as independent variables for potential association with 
therapeutic alliance, and thus our findings should be interpreted 
with caution. The precise timing, and number, of consultations 
varied among individual patients, which may have contributed to 
some variation in alliance scores. In addition, patients and phys-
ical therapists assessed the alliance at different time points, with 
patients completing the WAI-SF during their 26-week follow-up 
questionnaire, and physical therapists completing it immedi-
ately following their final consultation with the patient. Therefore, 
physical therapists may have been able to recall the alliance 
more accurately than patients, which may have contributed 
to some of the observed differences in physical therapist and 
patient scores. Our measure of therapeutic alliance, the WAI-SF, 
was not developed specifically for use in musculoskeletal physi-
cal therapy and has been found to exhibit a ceiling effect in these 
populations (50). Finally, our physical therapists underwent an 
intensive training program in person-centered principles before 
the trial, and therefore our findings may not be generalizable to 
other populations of physical therapists who have not under-
gone such training.

In conclusion, patients and physical therapists who consulted 
via telephone both rated the alliance highly. Physical therapist per-
ceptions of the therapeutic alliance tend to be lower than those 
of patients early in treatment and some subgroups of patients 
rate the alliance less strongly than others. Our findings suggest 
that physical therapists should not assume that their perceptions 
of the alliance reflect those of their patients, and that physical 
therapists may benefit by actively working to strengthen the alli-
ance with patients who live alone and/or have low self-efficacy. 
However, differences in alliance ratings between groups and 
over time were small and of unclear clinical importance. Further 
research is required to determine the clinical relevance of differ-
ences between patient and therapist ratings of the alliance and to 
investigate differences between the alliance in remotely delivered 
and face-to-face consultations.
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Feasibility and Preliminary Outcomes of a Physical 
Therapist–Administered Physical Activity Intervention 
After Total Knee Replacement
Meredith B. Christiansen,1 Louise M. Thoma,1 Hiral Master,1  Dana Voinier,1  Laura A. Schmitt,1  
Melissa L. Ziegler,1 Michael P. LaValley,2 and Daniel K. White1

Objective. To explore the feasibility, fidelity, safety, and preliminary outcomes of a physical therapist–administered 
physical activity (PA) intervention after total knee replacement (TKR).

Methods. People who had undergone a unilateral TKR and were receiving outpatient physical therapy (PT) were 
randomized to a control or intervention group. Both groups received standard PT for TKR. The intervention included 
being provided with a Fitbit Zip, step goals, and 1 phone call a month for 6 months after discharge from PT. Feasibility 
was measured by rates of recruitment and retention, safety was measured by the frequency of adverse events, and 
fidelity was measured by adherence to the weekly steps/day goal created by the physical therapist and participant 
monitoring of steps/day. An Actigraph GT3X measured PA, which was quantified as steps/day and minutes/week of 
engaging in moderate-to-vigorous PA. Our preliminary outcome was the difference in PA 6 months after discharge 
from PT between the control and intervention groups.

Results. Of the 43 individuals who were enrolled, 53.4% were women, the mean ± SD age was 67.0 ± 7.0 years, 
and the mean ± SD body mass index was 31.5 ± 5.9 kg/m2. For both the control and intervention groups, the recruit-
ment and retention rates were 64% and 83.7%, respectively, and adherence to the intervention ranged from 45% to 
60%. No study-related adverse events occurred. The patients in the intervention group accumulated a mean 1,798 
more steps/day (95% confidence interval [95% CI] 240, 3,355) and spent 73.4 more minutes/week (95% CI –14.1, 
160.9) engaging in moderate-to-vigorous PA at 6 months than those in the control group.

Conclusion. A physical therapist–administered PA intervention is feasible and safe, demonstrates treatment 
fidelity, and may increase PA after TKR. Future research is needed to establish the effectiveness of the intervention.

INTRODUCTION

Knee osteoarthritis (OA) is a leading cause of pain and dis-
ability in older adults (1). Total knee replacement (TKR) is the 
definitive treatment for knee OA that resolves most knee pain and 
limitations in physical function (1). However, physical activity (PA), 
which is defined as any body movement that results in energy 
expenditure above a resting level (2), remains mostly unchanged 
after TKR (3,4) and leaves individuals who have undergone TKR 
at risk of inactivity-related health problems after surgery, such as 
weight gain (5,6), cardiovascular disease (7), diabetes mellitus 
(8,9), and premature death (10,11). The number of TKR surger-
ies, which have doubled over the past 15 years in the US (12), is 

expected to increase substantially; more than 3.5 million TKRs are 
expected to be performed every year by 2030 (13). Thus, there is 
a critical need to improve PA in individuals after TKR.

Outpatient physical therapy (PT) is an optimal setting to 
deliver a PA intervention. Physical therapists are experts in pre-
scribing and tailoring therapeutic exercise programs to promote 
PA. After TKR, physical therapists often treat patients in an outpa-
tient setting 2–3 times a week for 6 to 8 weeks as part of stand-
ard postoperative care, which aligns with the recommended 
frequency of one-on-one visits that are needed to promote 
behavioral change to increase PA (14,15). Furthermore, >90% of 
patients in PT agree that physical therapists should discuss PA as 
a part of care (16).
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Recording steps/day with an activity tracker, e.g., a Fitbit Zip 
(Fitbit, Inc.), and receiving weekly steps/day goals from a health 
care professional has been shown to increase PA (17–19). This 
type of intervention increases PA through a behavioral change 
technique that includes feedback from the activity tracker and 
self-monitoring of the goal (20,21). At present, it is not known if 
a physical therapist–administered PA intervention is feasible and 
safe and demonstrates fidelity. Additionally, it is not known if such 
an intervention can increase PA in people after TKR. The purpose 
of this study was to explore the feasibility, safety, fidelity, and pre-
liminary outcomes of a physical therapist–administered PA inter-
vention after TKR.

PATIENTS AND METHODS

Design. This was a single-center, randomized, controlled 
pilot study. This study was registered at and approved by the 
University of Delaware Institutional Review Board, and informed 
consent was obtained from all study participants.

Study participants. We recruited individuals who were 
receiving outpatient PT for a unilateral TKR at the Delaware 
Physical Therapy Clinic at the University of Delaware (UDPT) in 
Newark, Delaware. Potential study participants were informed 
by their treating physical therapist about our study during the 
initial PT appointment at UDPT. If the person was interested in 
participating in the study, a research assistant screened them for 
eligibility at their next PT appointment. Patients were eligible to 
participate if they were >45 years of age and had self-reported 
“yes” when asked if they were interested in increasing PA. Partici-
pants were excluded if they had any additional comorbidities that 
would prevent them from participating in a PA intervention (e.g., 
unstable angina), had another lower extremity surgery in the pre-

vious 6 months, or had another lower extremity surgery planned 
within 6 months after enrolling in the study.

Study procedures. Once consent was obtained and the 
patients were enrolled, participants were randomized into the 
control or intervention group. A research assistant randomized 
each participant using a manila envelope with notecards labeled 
“A” for intervention and “B” for control. The research assistant 
who analyzed the PA data was blinded to group assignment.

Control group. Participants in the control group received 
standard outpatient PT provided by a licensed physical thera-
pist using the Delaware Physical Therapy Clinic–Rehab Practice 
Guidelines for Unilateral TKR (see Supplementary Table 1, avail-
able on the Arthritis Care & Research web site at http://onlin​e 
libr​ary.wiley.com/doi/10.1002/acr.23882/​abstract). Standard PT 
also included a printed home exercise program with an exer-
cise log that was updated weekly by the physical therapist (see 
Supplementary Table 2, available at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23882/​abstract). Participants in the control group 
also received a monthly phone call for 6 months after discharge 
from PT to discuss their overall health and to serve as a reminder 
for the PA data collection at 6 months and 12 months. These calls 
also served to match the number of points of contact between 
the intervention and control groups. Weekly steps/day goals and 
feedback on PA was not provided to control group participants.

Intervention group. The intervention group received a Fitbit 
Zip, weekly steps/day goal from a physical therapist, and monthly 
follow-up phone calls from a research assistant (for 6 months) to 
promote PA. In addition, the intervention group was provided with 
the same standard outpatient PT of the control group.

Fitbit Zip (activity tracker). A Fitbit Zip was provided within 1 
week of enrolling in the study. Participants were given written and 
face-to-face instructions on how to set up, use, and sync the 
Fitbit Zip to their smartphone, tablet, or home computer using 
the app provided by Fitbit. If the participant did not have a smart-
phone, tablet, or home computer, they were instructed to use the 
Fitbit Zip as a pedometer. We asked participants to wear the Fit-
bit Zip around their waist at their right anterior superior iliac crest 
daily (during waking hours) and to monitor their steps/day count 
with the Fitbit Zip and record steps/day count in their home ex-
ercise program. Extra batteries and instructions on how to install 
the batteries were provided as needed. After the 6-month follow-
up, participants returned their Fitbit Zip to the research team.

Weekly steps/day goal setting. Participants in the intervention 
group jointly set weekly steps/day goals with the physical therapist, 
starting at least 3 weeks after TKR surgery. Several factors were 
considered to progress the steps/day goal, including if the weekly 
steps/day goal was achieved in at least 4 of the last 7 days, the 
participant’s current health status, the physical therapist’s clinical 
judgment, and the participant’s personal PA goal. The end goal was 

SIGNIFICANCE & INNOVATIONS
•	 Outpatient physical therapy (PT) is an ideal setting 

to increase physical activity (PA) because physical 
therapists are experts in exercise and commonly 
see patients after total knee replacement (TKR) for 
multiple visits; however, it is unclear if a PA inter-
vention in PT is feasible and safe, demonstrates  
fidelity, and can increase PA in individuals after TKR.

•	 We found the physical therapist–administered PA in-
tervention to be feasible and safe and to have modest 
fidelity. Moreover, we observed clinically meaningful 
increases in PA among those in the intervention group.

•	 Study participants receiving the intervention 
reached levels of PA that were consistent with 
the 2018 Physical Activity Guidelines for Ameri-
cans, and the majority of those in the intervention 
walked >6,000 steps/day (a level needed to prevent 
the development of functional limitation) 6 months 
after discharge from PT.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23882/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23882/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23882/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23882/abstract
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to walk at least 6,000 steps/day until discharge. We used this as a 
goal because this threshold is known to protect against develop-
ment of functional limitation in people with knee OA (22). If the partic-
ipant achieved 6,000 steps/day, they were encouraged to continue 
to increase their steps/day since health benefits persist with more 
PA. Weekly steps/day goals were recorded on a standardized goal- 
setting form and a home exercise program log (see Supplemen-
tary Table 2, available on the Arthritis Care & Research web site at 
http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23882/​abstract).

Monthly follow-up phone calls. A research assistant con-
tacted participants in the intervention group once a month for 
6 months and continued jointly setting steps/day goals with the 
study participant after discharge from PT. The purpose of the 
phone calls once a month for 6 months was to provide additional 
PA goal setting after discharge from PT. A research assistant, 
instead of a physical therapist, called participants because this 
model of delivery is more feasible in the clinical practice.

Baseline participant characteristics. Using electronic 
medical records, research assistants extracted self-reported health 
history, demographic characteristics, worst knee pain on a visual 
analog scale (VAS), and objective knee range of motion (ROM) 
measurements that were collected by a licensed physical therapist 
at the initial PT evaluation (i.e., our study baseline). Quantifying 

worst knee pain using a VAS is a valid and reliable method to 
assess pain (23). ROM was measured with the participant in supine 
position using a standardized goniometer, with the axis positioned 
at the lateral epicondyle, the stationary arm in line with the greater 
trochanter, and the moveable arm aligned with the lateral malleolus.

Feasibility, safety, and fidelity. We assessed feasibility 
by evaluating recruitment and retention rates. The recruitment 
rate was calculated as the number of participants who enrolled 
in the study divided by the number of people who were screened 
for eligibility at UDPT. The retention rate was calculated as the 
number of participants who completed the study from baseline 
to 6 months divided by the total number of enrolled participants. 
We measured fidelity 2 ways, including the physical therapist’s 
adherence to administering the intervention (establishing a weekly 
steps/day goal with the participant) and the participant’s ability to 
adhere to the intervention (monitoring steps/day). Adherence to 
administering the weekly steps/day goal by the physical therapist 
was measured by a research assistant counting the number of 
goals documented in the home exercise program log from base-
line to discharge from PT. We classified adherence as “achieved” 
for participants who had ≥80% of the weekly steps/day goal 
recorded by the physical therapist and “not achieved” for those 
with <80% of the weekly steps/day goals recorded, which is 

Figure 1.  Consolidated Standards of Reporting Trials (CONSORT) diagram demonstrating the flow of enrolled participants. BMI = body mass 
index; TKR = total knee replacement; PT = physical therapy; PA = physical activity; DC = discharge.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23882/abstract
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consistent with the definition of adherence from a pharmacologic 
perspective (24). Participants documented the number of days 
they recorded steps/day using the Fitbit Zip, and those with ≥80% 
of documented steps/day in the home exercise program log from 
baseline to discharge were classified as “achieved” adherence and 
those with <80% as “not achieved.” Lastly, we assessed safety by 
reporting the number of adverse events recorded from baseline to 
12 months. An adverse event was defined as any unfavorable or 
unintended diagnosis, sign, symptom, or disease associated with 
the study, which may or may not be related to the intervention.

PA measures. PA was objectively measured using the Acti-
graph GT3X, which is a reliable and valid measurement of PA in 
older adults after TKR (25). PA was quantified in units of steps/
day and time spent engaging in moderate-to-vigorous PA/week. 
Participants wore the monitor on the waist, positioned at the right 
anterior superior iliac spine, from the time they got up in the morn-
ing until they went to sleep. The participants were also instructed 
to remove the monitor when the device could get wet (e.g., show-
ering, swimming). Participants wore the monitor for 1  week at 
baseline, discharge, 6-month follow-up, and 12-month follow-up 
(Figure 1). Data from the Actigraph GT3X were downloaded and 
analyzed following a standardized protocol (https​://epi.grants.
cancer.gov/nhanes_pam/) reported by Troiano et al (26). Briefly, 
we defined a valid wear day as ≥10 hours of wear time, excluding 
time with ≥90 consecutive minutes of <100 activity counts, and 
we only included PA data with ≥4 valid wear days (26).

Sample size calculation. The sample size for this study was 
based on the general notion for pilot studies to recruit at least 30 
participants for each parameter and expect 20% to drop out (27,28). 

At the start of the study, we intended to recruit 72 participants, with 
36 participants in each group to successfully retain a total of 60 
participants in the control and intervention groups at 12 months. We 
stopped enrollment at 43 participants as we received funding for a 
larger trial to investigate the effectiveness of our intervention.

Statistical analysis. We calculated the mean and 95% 
confidence intervals (95% CIs) for continuous variables and fre-
quency counts for categorical variables to describe participant 
characteristics. Independent t-tests and chi-square tests were 
used to evaluate baseline differences between the intervention and 
control groups for continuous and categorical variables, respec-
tively. We described safety (“adverse event”/“no event”) and inter-
vention fidelity (“achieved”/“not achieved”) in terms of frequencies. 
We calculated the mean ± SDs and 95% CIs between groups at 
baseline, discharge, 6-month follow-up and 12-month follow-up 
for PA outcomes, which included steps/day and minutes/week 
in moderate-to-vigorous PA. We also calculated within-group 
differences from baseline to 6 months and 12-months using the 
mean ± SD and 95% CI. For all statistical analyses, a P value of 
less than 0.05 was considered statistically significant. Data were 
analyzed using SAS, version 9.4.

RESULTS

Study sample. Of the enrolled participants, 53.4% were 
women, the mean ± SD age was 67.0 ± 7.0 years, the mean ± 
SD body mass index was 31.5 ± 5.9 kg/m, and the mean ± SD 
time from TKR surgery to the first PT appointment was 13.8 ± 
21.3 days (Table 1). On average, participants in the intervention 
group attended a mean ± SD 20 ± 8 PT sessions for a mean ± SD 

Table 1.  Participant characteristics at baseline*

All participants 
(n = 43)

Intervention 
(n = 20)

Control 
(n = 23) P

Age, years 67.0 ± 7.0 66.5 ± 6.9 67.5 ± 7.2 0.5
Women, no. (%) 23 (53.4) 8 (40.0) 15 (65.2) 0.1
BMI (kg/m2)† 31.5 ± 5.9 31.1 ± 5.6 32.0 ± 6.3 0.6
Education (≥ college), no. (%) 20 (51.3) 10 (55.0) 10 (47.6) 0.6
White (other), no. (%) 39 (91) 19 (95) 20 (87) 0.7
Time from TKR to PT, days 13.8 ± 21.3 9.6 ± 7.0 18.0 ± 35.9‡ 0.3
Total number of PT visits§ 19 ± 8 20 ± 8 18 ± 7 0.4
Duration of PT in weeks§ 9.7 ± 3.4 10.4 ± 5.5 9.0 ± 2.7 0.3
Unilateral TKR side (right), no. (%) 22 (52.7) 15 (75.0) 7 (30.4) <0.004
Comorbidity (≥1), no. (%)¶ 21 (50.3) 11 (55.0) 10 (45.5) 0.4
Knee pain at worst (VAS) 6.5 ± 2.9 6.5 ± 2.8 6.6 ± 3.0 0.9
Knee flexion (degrees)¶ 85.4 ± 31.4 76.3 ± 36.2 94.5 ± 26.6 0.07
Knee extension (degrees)# 5.7 ± 4.4 5.5 ± 3.8 5.9 ± 5.0 0.9

* Values are the mean ± SD unless indicated otherwise. Comorbidities included cardiovascular disease, chronic
obstructive pulmonary disease, stroke, cancer, history of falls, diabetes mellitus, or depression. BMI = body 
mass index; TKR = total knee replacement; PT = physical therapy; VAS = visual analog scale. 
† Data missing: n = 40. 
‡ One participant in the control group started PT 6 months after unilateral TKR. 
§ Data missing: n = 39.
¶ Data missing: n = 42. 
# Knee flexion and extension passive range of motion on unilateral TKR side, lacking knee extension. Data 
missing: n = 42. 

https://epi.grants.cancer.gov/nhanes_pam/
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10.4 ± 5.5 weeks, and participants in the control group attended 
a mean ± SD 18 ± 7 PT sessions for mean ± SD 9.0 ± 2.7 weeks. 
We did not adjust for any baseline characteristics in our statistical 
model (Table 1) because there were no differences between con-
trol and intervention groups (except for the side of the TKR [P = 
0.004], which we did not consider to be a potential confounder).

Feasibility, safety, and fidelity. Between March 2016 
and June 2017, 67 individuals were screened after having unilat-
eral TKR, of whom 43 were eligible for the study and were enrolled 
and randomized (Table 2). The recruitment rate was 64% (43 of 
67 participants) (Figure 2). The overall retention rate was 83.7% 
(36 of 43 participants) at 6 months and was 67% (29 of 43 partici-
pants) at 12 months (Figure 2). During the study, 3 adverse events 
occurred with participants in the control group. One participant had 

2 adverse events by injuring the contralateral knee and bruising a 
tendon in the back of the ipsilateral knee between the 6-month and 
12-month follow-up visits. Another participant was diagnosed with 
gout in the first metatarsal joint during PT. All adverse events were 
unrelated to the PA intervention. Sixty percent (12 of 20 participants)  
of those in the intervention group monitored steps/day at least 
80% of the time while in PT, while 45% of physical therapists (9 of 
20) were in adherence with the administration of the intervention 
by documenting weekly steps/day goals ≥80% of the time.

Physical activity. Participants in the control group (n = 23) 
had similar counts of daily steps at baseline as the intervention 
group (n = 20) (a mean of 2,214 steps/day [95% CI 1,573, 2,855] 
for the control group and a mean of 2,494 steps/day [95% CI 
1,803, 3,168] for the intervention group) (Table 3). However, par-
ticipants in the control group spent less minutes/week engaging in 
moderate-to-vigorous PA than in the intervention group, although 
this difference did not meet statistical significance (for the control 
group, a mean 19.4 minutes/week [95% CI 9.9, 28.9] of moderate-
to-vigorous PA and for the intervention group, a mean 35.6  
minutes/week [95% CI 16.7, 54.5]) (Table 3). Of the 43 participants, 
complete PA data was available for 15 in the control group and 14 
in the intervention group from baseline to 12 months (Figure 1).

At 6 months, the intervention group accumulated a mean 
1,798 (95% CI 240, 3,355) more steps/day and spent a mean 
73.4 (95% CI –14.1, 160.9) more minutes/week engaging in 
moderate-to-vigorous PA than the control group (Table  3). 
In particular, the control group walked 3,941 (95% CI 3,021, 
4,863) steps/day and spent 77.2 (95% CI 33.3, 121.2) min-
utes/week in moderate-to-vigorous PA, while the intervention 
group walked 5,739 (95% CI 4,369, 7,109) steps/day and 

Table 2.  Reasons patients did not enroll in the study*
Ineligible (n = 15)

Not meeting BMI criteria† 1
Not meeting number of days postoperative TKR† 2
Bilateral TKR 1
Lower extremity surgery within 6 months 7
Not interested in increasing PA 3
Medical reason (orthostatic hypotension) 1

Decline to participate (n = 7)
Not interested in participating in research 7

Other reasons (n = 2)
Unable to consent due to clinic logistics 1
Previously enrolled in a PA study 1

* PA = physical activity. 
† To improve the feasibility of recruiting participants in clinical 
practice, eligibility criteria were modified at the start of the pilot 
study to remove 2 exclusion criterion, including participants with 
body mass index (BMI) of <30 and <6 weeks postoperative total knee 
replacement (TKR). 

Figure 2.  Physical activity between groups at baseline, discharge (DC), 6 months, and 12 months. For the control group, the sample size was 
n = 21 at baseline, n = 17 at discharge, n = 19 at 6 months, and n = 15 at 12 months. For the intervention group, the sample size was n = 18 
at baseline, n = 19 at discharge, n = 17 at 6 months, and n = 14 at 12 months. MVPA = moderate-to-vigorous physical activity, 95% CI = 95% 
confidence interval.
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spent 150.6 (95% CI 67.7, 233.5) minutes/week engaging in 
moderate-to-vigorous PA at 6 months (Table 3). At 12 months, 
the intervention group accumulated 1,945 more steps/day 
(95% CI 466, 3,422) and spent 76.1 more minutes/week (95% 
CI 10.5, 141.5) in moderate-to-vigorous PA than the control 
group (Table  3). The control group walked 4,169 (95% CI 
3,123, 5,217) steps/day and spent 57.7 (95% CI 17.5, 98.0) 
minutes/week in moderate-to-vigorous PA, while the interven-
tion group walked 6,114 (95% CI 4,966, 7276) steps/day and 
spent 133.8 (95% CI 77.1, 190.4) minutes/week in moderate-
to-vigorous PA at 12 months (Table 3).

DISCUSSION

We found that a physical therapist–administered PA inter-
vention was feasible and safe and had modest fidelity. Also, the 
intervention was potentially effective for people after TKR, which 
was demonstrated by our findings of improvements in PA that met 
clinically meaningful levels. For instance, the intervention group 
walked about 6,000 steps/day after discharge from outpatient PT, 
which is a meaningful threshold for reducing the risk of functional 
limitation in people with knee OA (22). In contrast, the control 
group walked about the same amount as the general popula-
tion, i.e., ~4,000 steps/day (29). Moreover, the intervention group 
spent >150 minutes/week engaging in moderate-to-vigorous PA 
at discharge and at the 6-month follow-up visit, meeting the 2018 
Department of Health and Human Services PA guidelines for aer-
obic activity (10). Our results show promise in informing ways to 
change behavior that leads to inactivity and subsequent weight 
gain that are common after TKR.

Despite increases in PA, adherence to the intervention was 
modest from both participants and treating physical therapists. 
Less than half of the physical therapists (45%) documented that 
they consistently provided weekly steps/day goals, and 60% of 
participants monitored their steps/day. While we were unable to 
track how often patients looked at their Fitbit Zip, it is possible 
that self-monitoring steps/day from a device with a daily goal may 
be more useful to increase PA than a weekly goal given by a PT. 
The intervention was safe, as no participants in the intervention 
group reported an adverse event. We also noted that the monthly 

phone calls made by a research assistant from the 6-month to the 
12-month follow-up did not result in a noticeable change in PA.

Our findings, that use of a Fitbit Zip monitor in conjunction 
with step goals was feasible and safe, showed good fidelity, and 
could increase PA after TKR, are consistent with other studies 
(30–32). A study by Losina et al demonstrated that financial incen-
tives combined with telephone health coaching and a Fitbit led 
to a clinically meaningful increase in steps/day within the first 6 
months after TKR (33). Furthermore, our finding that PA did not 
change from 6 to 12 months after surgery is consistent with the 
literature (3,34,35). In a meta-analysis, Hammett et al observed no 
change in PA at 6 months after TKR, with only a small change in 
PA at 12 months (3). Both the control and intervention groups in 
our study had no significant differences in PA from discharge to 
6-month and 12-month follow-up visits, indicating that providing 
a PA intervention during outpatient PT may be an optimal time to 
improve PA.

Strengths of our study included measuring PA using an 
accelerometer-enabled device and a brief PA intervention. Our 
intervention took roughly 5 minutes/week to set and progress 
weekly steps/day goals, which improved the feasibility for clinical 
implementation. However, our study was not without limitations. 
We had a small sample size with a moderate dropout rate at 12 
months. The dropout rate was equal between the control and 
intervention groups, with most participants dropping out after the 
6-month follow-up visit. This rate indicates that a study follow-up 
of more than 6 months may be challenging in this patient popu-
lation. Since this was a pilot study (i.e., we sought to determine 
feasibility, safety, and fidelity), we felt it was acceptable to have 
a small and underpowered sample size. There was high varia-
bility around the number of days after surgery that participants 
started outpatient PT and enrolled in our study; the mean ± SD 
days after TKR that participants enrolled in the study was 14 ± 
21 days, and the range was 2–175 days. Outpatient PT typically 
commences between 2 and 12 weeks after TKR, and the time 
postsurgery when participants enrolled in our study was within 
this range. Therefore, this variability is expected (36). Lastly, we 
only included people after TKR who were interested in increas-
ing their PA, which may have limited the generalizability of our 
sample. We did so because those who are not interested in PA 

Table 3.  Physical activity between groups at baseline, discharge, 6 months, 12 months*

Control group Intervention group Difference between groups
Steps/day 

Baseline 2,214 ± 1,407 (1,573, 2,855) 2,494 ± 1,391 (1,803, 3,186) 280 ± 1,340 (–631, 1,191)
Discharge 3,823 ± 1,356 (3,126, 4,520) 6,389 ± 3,279 (4,808, 7,969) 2,566 ± 2,561 (828, 4,303)
6 months 3,941 ± 1,910 (3,021, 4,863) 5,739 ± 2,665 (4,369, 7,109) 1,798 ± 2,296 (240, 3,355)
12 months 4,169 ± 1,890 (3,123, 5,217) 6,114 ± 1,989 (4,966, 7,262) 1,945 ± 1,938 (466, 3,422)

MVPA/week, minutes
Baseline 19.4 ± 20.8 (9.9, 28.9) 35.6 ± 37.9 (16.7, 54.5) 16.2 ± 29.9 (–3.7, 35.7)
Discharge 46.4 ± 65.4 (12.8, 80.0) 158.4 ± 172.3 (75.2, 241.3) 112.0 ± 133.1 (21.5, 202.2)
6-month follow-up 77.2 ± 91.3 (33.3, 121.2) 150.6 ± 161.2 (67.7, 233.5) 73.4 ± 129.0 (–14.1, 160.9)
12-month follow-up 57.7 ± 72.7 (17.5, 98.0) 133.8 ± 98.1 (77.1, 190.4) 76.1 ± 85.9 (10.5, 141.5)

* Values are the mean ± SD (95% confidence interval). MVPA = moderate-to-vigorous physical activity. 
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may require additional behavioral change techniques (e.g., moti-
vational interviewing) to increase PA, which was not feasible in 
our study.

Overall, a physical therapist–administered PA intervention 
was feasible and safe, demonstrated modest fidelity, and pro-
moted an increase in PA after TKR that appeared to remain for 
up to 12 months after discharge from PT. Our preliminary find-
ings suggest that PT may indeed be a practical delivery model 
for a PA intervention after TKR. Given these study findings, further 
research is needed, with appropriate power, to establish the effec-
tiveness of this intervention.
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Depression Subtypes in Individuals With or at Risk for 
Symptomatic Knee Osteoarthritis
Alan M. Rathbun,1 Megan S. Schuler,2 Elizabeth A. Stuart,3 Michelle D. Shardell,4 Michelle S. Yau,5  
Joseph J. Gallo,3 Alice S. Ryan,1 and Marc C. Hochberg1

Objective. The present study was undertaken to identify depression subtypes in individuals with or at risk for 
symptomatic knee osteoarthritis (OA) and to evaluate differences in pain and disability trajectories between groups.

Methods. Participants (n = 4,486) were enrolled in the Osteoarthritis Initiative. Latent class analysis was applied to 
the 20-item Center for Epidemiologic Studies Depression Scale measured at baseline to identify groups with similar 
patterns of depressive symptoms, and subtypes were assigned using posterior probability estimates. The relation-
ships between depression subtypes and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
pain and disability subscales were modeled over 4 years and stratified by baseline knee OA status (symptomatic  
[n = 1,626] or at risk [n = 2,860]).

Results. Four subtypes were identified: asymptomatic (80.6%), catatonic (5.3%), anhedonic (10.6%), and melan-
cholic (3.5%). Catatonic and anhedonic subtypes were differentiated by symptoms corresponding to psychomotor 
agitation and the inability to experience pleasure, respectively. The melancholic subtype expressed symptoms relat-
ed to reduced energy and movement, anhedonia, and other somatic symptoms. Detectable mean differences in pain 
and disability compared to the asymptomatic group were observed for the anhedonic (1.5–2.3 WOMAC units) and 
melancholic (4.8–6.6 WOMAC units) subtypes, and associations were generally larger in individuals with symptomatic 
knee OA relative to those at risk.

Conclusion. Among individuals with or at risk for symptomatic knee OA, there is evidence of depression sub-
types characterized by distinct clusters of depressive symptoms that have differential effects on reports of pain and 
disability over time. Our findings thus imply that depression interventions could be optimized by targeting the specific 
symptomology that these subtypes exhibit.

INTRODUCTION

Osteoarthritis (OA) is the most common joint disorder in the 
US; symptomatic knee OA affects ~9.3 million American adults 
and 10% of men and 13% of women 60 years of age or older 
(1,2). Knee OA represents a failure of normal joint repair and is 
often accompanied by symptoms of pain and disability (3). Wors-
ening OA disease severity may lead to the development of psy-
chiatric comorbidity, particularly depressive symptoms, which can 

exacerbate the course of pain, disability, and disease progression 
(4–8). The bidirectional relationship between OA disease severity 
and depressive symptoms may influence the severity of both, thus 
complicating medical management and contributing to higher 
health care costs, decreased quality of life, and greater mortality 
(9–11).

Depression presenting in chronic diseases is difficult to recog-
nize; indeed, depressive symptoms in arthritis patients are under-
diagnosed (12,13). A contributing factor to the underrecognition 
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of depression in OA patients is the overlapping somatic sympto-
mology between the conditions; as a result, many individuals are 
only treated for their chronic disease and not depressive symptoms 
(12). A meta-analysis estimated that depressive symptoms are 
present in 18.5% of adults with knee OA, a prevalence that is more 
than double that in the US general population and has remained 
unchanged over time, despite increases in depression treatment 
rates (14–16). Depression treatment in American adults predomi-
nantly consists of pharmacotherapy using antidepressant medica-
tions (15). However, many patients do not achieve symptomatic 
remission, and nonresponse is even more pervasive in those with 
chronic diseases (10,17).

Increasingly, major depressive disorder is recognized as 
heterogeneous with respect to clinical presentation (12). Offi-
cial classifications and corresponding treatments for major 
depressive disorder have traditionally used a “one size fits all” 
approach, yet it is becoming more accepted that such defini-
tions and management strategies do not accurately reflect the 
immense heterogeneity of depressive symptomology (12,18). In 
the research and clinical setting, depressive symptoms are gen-
erally evaluated in terms of symptom count or a dichotomous 
indicator, which does not differentiate patients with disparate 
symptomology (18). By contrast, nascent research has begun 
utilizing the depression symptomics framework, a methodology 
that evaluates how different constellations of depressive symp-
toms cluster and differentially impact health, well-being, and 
medical management (19).

Currently, variability in depressive symptoms among OA 
patients and the implications of distinct depression profiles on 
OA disease severity is poorly understood. Understanding hetero-
geneity in depressive symptoms among individuals with or at risk 
for symptomatic knee OA could lead to more personalized inter-
ventions that target individuals’ symptomatic profiles in order to 
improve clinical outcomes for both conditions. The current study’s 
objectives were to identify depression subtypes in individuals with 
or at risk for symptomatic knee OA based on patterns of depres-
sive symptoms and to examine the impact of depression sub-
types on pain and disability stratified by individuals with or at risk  
symptomatic knee OA.

MATERIALS AND METHODS

Study data and sample. The sample included partic-
ipants from the Osteoarthritis Initiative (OAI), an observational 
cohort study designed to identify risk factors and biomarkers for 
the onset and progression of knee OA, and methodologic details 
have been published previously (20). Institutional review boards at 
each site approved the OAI study, and all participants provided 
informed consent. The OAI cohort (n = 4,796) was restricted to 
participants (n = 4,486) with baseline symptomatic knee OA data 
and baseline radiographs that were read centrally at Boston Uni-
versity by trained, certified, radiologic technicians (21). This sample 
(Figure 1) was used to examine heterogeneity in baseline depres-
sive symptoms, and there were 1,626 and 2,860 individuals with 
or at risk (respectively) for symptomatic knee OA at baseline, 
defined as “pain most days of a month in past 12 months” (20). 
Only 1 knee per participant selected by random sampling was 
included in the analysis. Participants with complete baseline data 
and at least 1 follow-up observation were included in longitudinal 
analyses. Complete data on covariates and outcomes at study 
enrollment were available for 4,300 participants, and information 
on pain and disability during follow-up were available for 4,204, 
4,043, 3,990, and 3,970 participants at the first, second, third, 
and fourth annual follow-up visits, respectively, in individuals with 
fully observed baseline data. Depressive episodes last between 
6 to 12 months, and a 4-year follow-up period provided suffi-
cient time to examine associations between baseline depression  
subtypes and pain and disability (22).

Depressive symptoms. The 20-item Center for Epidemi-
ologic Studies Depression Scale (CES-D) was used to assess an 
array of depressive symptoms, such as psychomotor agitation/
retardation, poor appetite, restless sleep, sadness, feelings of lone-
liness, social interactions, impaired concentration, and anhedonia 
(23). CES-D items have a reference timeframe corresponding to the 
occurrence of depressive symptoms in the prior week and response 
options ranging from 0–3, where increasing score is representative 
of greater symptomatic frequency (23). Binary indicators were cre-
ated for each symptom, classifying individuals who responded with 
“2” (i.e., occasionally or a moderate amount of time) or “3” (i.e., 
most or all of the time) as having a given symptom, an approach 
that has been used in prior research (24). These 20 binary symptom 
indicators were used to identify depression subtypes.

Pain and disability. The Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) (Likert version 3.1) was used 
to assess knee OA disease severity. The WOMAC assessed 3 
distinct domains: stiffness (2 items), pain (5 items), and disability 
(17 items) (25). WOMAC item responses are on a Likert scale, 
ranging from 0 (none) to 4 (extreme), with higher scores indicat-
ing greater severity. Item scores are summed across subscales to 
calculate summary scores for each domain. In the current study, 

SIGNIFICANCE & INNOVATIONS
•	 Depressive symptoms in individuals with or at risk 

for symptomatic knee osteoarthritis present as 1 of 
4 unique subtypes.

•	 Depression subtypes are differentiated primarily 
by psychomotor agitation, anhedonia, and other 
somatic symptoms.

•	 Anhedonic and melancholic depression subtypes 
may be risk factors for increased pain and disability.

•	 Results highlight the need for protocols designed 
to address the specific symptomatology of different 
depression subtypes.
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pain and disability subscales were used as outcome measures 
and assessed at baseline and 4 annual follow-up visits. Pain and 
disability scores were rescaled to range 0–100 so that estimates 
can be compared to minimal perceptible clinical differences. Clini-
cally significant differences on rescaled WOMAC pain and disabil-
ity scores are ~9.7 and 9.3 units, respectively (26).

Confounders. Potential confounders measured at study 
baseline were selected a priori based on review of the research 
literature. Sociodemographic and behavioral measures were age 
(years), sex, race (white or nonwhite), marital status (married, 
widowed, divorced, separated, or never married), educational 
attainment (high school, college graduate, or graduate degree), 
health insurance (insured or uninsured), employment (employed or 
unemployed), alcohol consumption (none, minimal, or moderate), 
and smoking (never or former). Clinical characteristics included 
body mass index (BMI) (kg/m2), comorbidity, history of knee inju-
ries, treatment with analgesic medications, OA disease severity  
(Kellgren-Lawrence [K/L] grade), and total WOMAC score. Comor-
bidity was measured using the Charlson Comorbidity Index, a 
composite scale comprising 22 different comorbid conditions that 
does not incorporate major depression (27). History of knee inju-
ries was assessed as “ever injured badly enough to limit ability to 
walk for at least 2 days.” Analgesic medications were operation-
alized as treatment with acetaminophen, nonsteroidal antiinflam-
matory drugs, or opioids within the previous 30 days. K/L grade is 

an ordinal scale (range 0–4), where higher values represent worse 
structural disease (28).

Latent class analysis (LCA). LCA is an approach that 
identifies subgroups (i.e., classes) based on multiple indicators 
of a given construct (e.g., depression) and was used to identify 
classes of individuals with similar patterns of depressive symp-
toms (29). LCA assumes mutually exclusive and exhaustive 
classes of individuals that are differentiated within a population by 
values of observed indicators (29). The LCA model estimates the 
prevalence of each class in the overall sample and item-response 
probabilities within each class; namely, the probabilities of endors-
ing each indicator given membership in a specific class (29). For 
each individual, posterior class probabilities are estimated to pro-
vide a patient’s likelihood of membership in each subtype given 
their indicator response pattern (29).

LCA models were implemented sequentially with 1 to 6 
classes and were evaluated regarding fit, parsimony, and clinical 
interpretability. Akaike’s information criterion and Bayesian infor-
mation criterion fit statistics were used to compare LCA models 
with different numbers of classes (30,31). Model uncertainty was 
assessed using relative entropy, with values ranging 0–1, where 
higher estimates indicate greater classification certainty. Class 
prevalence estimates and item-response probabilities were used 
to qualitatively examine and describe the different classes and 
select the optimal number of depression subtypes. LCA model 

Figure 1.  Study sample flow diagram. OAI = Osteoarthritis Initiative; OA = osteoarthritis.
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fitting was conducted in the overall study sample (n = 4,486) 
and then stratified by participants with (n = 1,626) or at risk  
(n = 2,860) for symptomatic knee OA to assess measurement invar-
iance. LCA estimation allows missing values in response variables, 
and missing values were assumed to be missing at random. After 
identifying the optimal LCA model, posterior probability estimates 
were used to assign individuals to the subtype for which they had 
the highest probability of membership. Chi-square tests and anal-
ysis of variance were used to evaluate between-group differences 
in baseline covariates by depression subtype. Analyses were con-
ducted using R statistical software, version 3.4.1.

Propensity scores. Multiple-group propensity score 
weights were used to balance between-group differences in 
potential baseline confounders by depression subtype in order to 
promote causal interpretations regarding their effect on pain and 
disability (32). Propensity score weights were estimated using 
boosted regression, which has been shown to outperform other 
methods of estimation concerning bias reduction (32). The gen-
eralized boosted model is a flexible machine learning estimation 
routine that fits multiple regression trees to account for poten-
tially complex and nonlinear relationships between exposure and 
covariates without overfitting data (32). The boosting algorithm 
optimizes balance on covariates across groups; indicators for 
missing covariates were automatically included in the propensity 
model such that depression subtypes were balanced regarding 
observed covariates as well as missing data patterns (32). Given 
that longitudinal analyses were stratified by symptomatic knee OA 
status at baseline, weights were estimated separately in at risk 
and symptomatic OIA participants. Propensity score weights in the 
subsamples were stabilized with the marginal probability for each 

depression subtype. Standardized covariate differences were used 
to assess balance in the weighted and unweighted samples, and 
differences of ≥0.2 SD were considered evidence of imbalance.

Weighted estimating equations (WEEs). WEEs were 
used to assess the relationship between depression subtype 
and pain and disability of >4 years stratified by participants with 
and at risk for symptomatic knee OA. WEEs account for miss-
ing data using weighting, where weights are the inverse proba-
bility of observation conditional on predictors of missing data 
and were stabilized using the time-specific marginal probabil-
ities for response. Final weights were the product of the time-
invariant propensity score weights and time-specific nonresponse 
weights. WEEs were implemented using survey analysis methods 
that are appropriate for clustered data and can be used to esti-
mate population-average exposure effects while accounting for 
between-person heterogeneity in SE estimates. Models included 
categorical indicators for depression subtype, follow-up time, and 
their interaction to determine whether there were differences in 
pain and disability across subtypes over time. Differences in pain 
and disability by depression subtype at each time point were esti-
mated with 95% confidence intervals (95% CIs), and an α level of 
0.05 was used to define statistical significance.

RESULTS

Depression subtypes. A 4-class LCA model was cho-
sen based on clinical interpretability of the subtypes, prevalence 
estimates, and fit statistics. Indicators of model fit implied that a 
5-class model provided a more optimal solution; however, the 
fifth class was not uniquely distinct when compared to 1 of the 

Table 1.  Baseline Center for Epidemiologic Studies Depression scale (CES-D) item-response probabilities by depressive 
symptom subtype among participants who had or were at risk for knee osteoarthritis

CES-D item Asymptomatic Catatonic Anhedonic Melancholic
I was bothered by things that don’t usually bother me. 0.005 0.126 0.019 0.392
I did not feel like eating; my appetite was poor. 0.002 0.085 0.015 0.158
I felt that I could not shake off the blues even with 

help from my family and friends.
0.004 0.076 0.014 0.529

I felt that I was just as good as other people.* 0.085 0.125 0.500 0.425
I had trouble keeping my mind on what I was doing. 0.018 0.268 0.057 0.502
I felt depressed. 0.002 0.078 0.024 0.742
I felt that everything I did was an effort. 0.009 0.319 0.049 0.641
I felt hopeful about the future.* 0.073 0.257 0.752 0.847
I thought my life had been a failure. 0.002 0.026 0.024 0.298
I felt fearful. 0.004 0.052 0.009 0.290
My sleep was restless. 0.116 0.460 0.206 0.661
I was happy.* 0.033 0.274 0.722 0.882
I talked less than usual. 0.011 0.190 0.056 0.390
I felt lonely. 0.013 0.127 0.050 0.537
People were unfriendly. 0.004 0.033 0.015 0.119
I enjoyed life.* 0.011 0.141 0.617 0.773
I had crying spells. 0.001 0.038 0.011 0.192
I felt sad. 0.002 0.054 0.023 0.585
I felt that people disliked me. 0.005 0.037 0.015 0.141
I could not get going. 0.005 0.264 0.066 0.592

* CES-D item was reverse scored. 
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other identified subtypes. Moreover, class prevalence structure 
and item-response probabilities were consistent by symptomatic 
knee OA status at baseline, and the relative model entropy of 0.86 
indicated a high degree of classification certainty. Four depression 
subtypes were identified (Table 1): asymptomatic (80.6%), cata-
tonic (5.3%), anhedonic (10.6%), and melancholic (3.5%). CES-D 
score was lowest in asymptomatic participants (Table 2), compa-
rable between the catatonic and anhedonic subtypes, and highest 
in the melancholic group. Similarly, the proportions of individuals 
meeting CES-D screening criteria for probable depression were 
0.4%, 36.7%, 36.2%, and 100% for the asymptomatic, catatonic, 

anhedonic, and melancholic subtypes, respectively.
The asymptomatic group was the most prevalent subtype and 

had low item-response probabilities for every depressive symptom. 
The second most common subtype was the anhedonic group, 
which was characterized by high item-response probabilities  

for symptoms corresponding to the inability to experience plea
sure and happiness. The catatonic subtype was the third highest 
in prevalence and was more likely to endorse symptoms related 
to psychomotor agitation and somatic symptoms; in particular, 
decreased energy and movement, difficultly concentrating, and 
restless sleep. The least common subtype was the melancholic 
group, which had high item-response probabilities for the widest 
spectrum of symptoms, including sadness, loneliness, anhedonia, 
psychomotor agitation, and other somatic symptoms.

Subtype characteristics. When compared to those clas-
sified as asymptomatic, other subtypes, particularly catatonic and 
melancholic, were more likely to be female, nonwhite, not mar-
ried, and of lower socioeconomic status as measured by educa-
tional attainment and employment and health insurance status. 
Age was comparable across the asymptomatic, catatonic, and 

Table 2.  Baseline sample characteristics by depressive symptom subtype before propensity score weighting*

Variable
Asymptomatic 

(n = 3,615)
Catatonic 
(n = 239)

Anhedonic 
(n = 474)

Melancholic 
(n = 158) P

Age, mean ± SD years 61.24 ± 9.09 61.06 ± 9.37 61.87 ± 9.81 57.44 ± 8.27 <0.001
Female sex 2,054 (56.8) 157 (65.7) 283 (59.7) 113 (71.5) <0.001
White race 630 (17.4) 82 (34.6) 122 (25.7) 53 (33.5) <0.001
Marital status <0.001

Married 2,537 (70.8) 124 (52.1) 267 (56.3) 75 (47.8)
Widowed 250 (7.0) 30 (12.6) 59 (12.4) 13 (8.3)
Divorced 467 (13.0) 41 (17.2) 80 (16.9) 34 (21.7)
Separated 45 (1.3) 11 (4.6) 11 (2.3) 8 (5.1)
Never married 285 (8.0) 32 (13.4) 57 (12.0) 27 (17.2)

Education <0.001
No degree 1,265 (35.3) 137 (57.6) 252 (53.2) 97 (61.4)
College degree 1,111 (31.0) 53 (22.3) 123 (25.9) 37 (23.4)
Graduate degree 1,208 (33.7) 48 (20.2) 99 (20.9) 24 (15.2)

Employment 2,272 (62.9) 133 (55.6) 279 (59.0) 88 (55.7) 0.022
Health insurance 3,507 (97.9) 219 (92.0) 442 (94.0) 138 (87.3) <0.001
Smoking status <0.001

Never 1,944 (54.6) 104 (43.9) 232 (49.5) 78 (50.0)
Current 177 (5.0) 29 (12.2) 41 (8.7) 30 (19.2)
Former 1,438 (40.4) 104 (43.9) 196 (41.8) 48 (30.8)

Alcohol consumption 0.015
None 641 (17.9) 55 (23.1) 104 (22.0) 42 (26.6)
Minimal 2,634 (73.5) 163 (68.5) 338 (71.5) 105 (66.5)
Moderate 307 (8.6) 20 (8.4) 31 (6.6) 11 (7.0)

Charlson Comorbidity Index  
 score, mean ± SD

0.34 ± 0.78 0.54 ± 1.04 0.54 ± 1.04 0.68 ± 1.03 <0.001

BMI, mean ± SD 28.40 ± 4.68 29.33 ± 5.27 29.17 ± 5.14 29.94 ± 5.79 <0.001
Symptomatic knee OA 1,224 (33.9) 116 (48.5) 202 (42.6) 84 (53.2) <0.001
K/L grade <0.001

0 1,455 (40.2) 74 (31.0) 163 (34.4) 52 (32.9)
1 650 (18.0) 42 (17.6) 81 (17.1) 32 (20.3)
2 916 (25.3) 61 (25.5) 127 (26.8) 52 (32.9)
3 484 (13.4) 54 (22.6) 79 (16.7) 19 (12.0)
4 110 (3.0) 8 (3.3) 24 (5.1) 3 (1.9)

History of knee injury 938 (26.2) 69 (29.0) 133 (28.4) 48 (30.4) 0.419
Treated with analgesics 1,238 (34.3) 108 (45.6) 196 (41.4) 95 (60.5) <0.001
WOMAC score, mean ± SD 10.18 ± 13.17 17.40 ± 18.81 15.51 ± 17.64 21.97 ± 20.28 <0.001
CES-D score, mean ± SD 4.03 ± 3.56 13.92 ± 4.59 13.85 ± 4.47 28.97 ± 7.2 <0.001
CES-D score ≥16 15 (0.4) 87 (36.7) 170 (36.2) 158 (100.0) <0.001

* Values are the number (%) unless indicated otherwise. Some frequency data may not add up to the column 
total because of missing data. BMI = body mass index; OA = osteoarthritis; K/L = Kellgren-Lawrence (grade); 
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; CES-D = Center for Epidemiologic 
Studies Depression scale. 
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anhedonic subtypes but lower in the melancholic group (57 years 
versus 61 years). The catatonic, anhedonic, and melancholic sub-
types had a higher likelihood of being current smokers but were 
less likely to consume alcohol than the asymptomatic group. In 
addition, asymptomatic participants had fewer comorbid condi-
tions, lower BMI, lower probability of symptomatic knee OA, and 
less treatment with analgesic medication compared to every other 
subtype. Similarly, K/L grade and total WOMAC score were worse 
in the catatonic, anhedonic, and melancholic subtypes compared 
to the asymptomatic group. Subtype characteristics and covari-
ate trends of the overall sample were similar to the stratified sam-
ples (see Supplementary Tables 1 and 2,  respectively, available 
on the Arthritis Care & Research web site at http://onlin​elibr​ary.
wiley.com/doi/10.1002/acr.23898/​abstract). In general, propen-
sity score weights reduced the magnitude of between-subtype 
standardized covariate differences at baseline below 0.2 SD (see 
Supplementary Tables 3 and 4, respectively, available at http://
onlin​elibr​ary.wiley.com/doi/10.1002/acr.23898/​abstract).

OA pain and disability. In individuals at risk for symp
tomatic knee OA, the asymptomatic group had almost no change 
in pain and disability, while other subtypes generally sustained 

small increases (Figures  2B and 2D). Time-specific differences 
in outcomes were smallest in magnitude between the catatonic 
and asymptomatic groups, ranging over 4 years from β = –0.20 
(95% CI 2.23, 1.84) to β = 1.66 (95% CI –0.59, 3.91) for pain and  
β = –1.06 (95% CI –2.69, 0.57) to β = 0.70 (95% CI –1.07, 2.48) 
for disability (Table 3). However, the between-subtype differences 
in pain and disability for the anhedonic and asymptomatic groups 
increased in magnitude from baseline (β = 0.45 [95% CI –0.73, 
1.64] and β = –0.17 [95% CI –1.17, 0.82], respectively) and were 
as high as β = 2.28 (95% CI 0.33, 4.22) and β = 2.63 (95% CI 
0.92, 4.35) during follow-up, respectively. Similarly, the melan-
cholic subtype had worse outcomes across all 4 annual follow-up 
visits, but the time-specific differences in pain and disability were 
not statistically significant.

Among participants with symptomatic knee OA, every group 
experienced improvement from baseline except the melancholic 
subtype, which had persistently greater pain and disability during 
the follow-up period (Figures 2A and 2C). When compared to the 
asymptomatic group, time-specific differences in pain and dis
ability among the catatonic and anhedonic subtypes were small 
in magnitude and generally ≤1 rescaled WOMAC units (Table 4). 
By contrast, differences in pain between the melancholic and 

Figure 2.  Pain (A and B) and disability (C and D) trajectories by baseline depression subtypes among participants with (A and C) or at risk for 
(B and D) symptomatic knee osteoarthritis. WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23898/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23898/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23898/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23898/abstract
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asymptomatic groups increased from β = 0.47 (95% CI –3.68, 
4.62) at baseline to β = 4.79 (95% CI –1.77, 11.35) at the fourth 
annual follow-up visit (Table 4). Similarly, differences in disability 
increased from β = 2.80 (95% CI –1.84, 7.44) at baseline to time-
specific differences as large as β = 6.56 (95% CI 1.72, 11.40) res-
caled WOMAC units in the melancholic subtype during follow-up.

DISCUSSION

The current study identified 4 distinct depression subtypes 
based on patterns of depressive symptoms in individuals with or 
at risk for symptomatic knee OA. Consistent with a previous meta-
analysis (16), our findings indicate that ~80% of OAI participants 
expressed few symptoms of depression. However, our findings 
demonstrated moderate heterogeneity in the 20% of participants 
reporting more depressive symptoms at baseline, and these sub-
types were qualified as catatonic, anhedonic, and melancholic. 
Moreover, detectable effects on pain and disability across 4 years 
of follow-up were limited to the anhedonic and melancholic sub-
types and were largest in individuals with symptomatic knee OA 

who exhibited both somatic and cognitive symptomology. These 
results imply that there is variability in both the expression and 
severity of depressive symptoms among participants with or at 
risk for symptomatic knee OA that may lead to differences in knee 
OA outcomes.

Few studies have examined depressive symptom heteroge-
neity in patients with chronic physical diseases, and the current 
study highlights 3 symptomatic depression subtypes identified 
in the OAI cohort (33). The catatonic and anhedonic subtypes 
were differentiated by somatic and cognitive symptoms, while the 
melancholic group had a broader constellation of symptomology. 
Prior work in cancer patients identified a mild depression subtype 
presenting with concentration and sleep problems and psycho
motor agitation that is similar to the catatonic group reported in 
the current study (34). Prior research also provides evidence for a 
nondysphoric (i.e., without sadness) depression subtype in older 
adults typified by slowness of movement and, unlike in the cata-
tonic group, other cognitive symptoms (35–37). Anhedonic sub-
types epitomized solely by the absence of happiness have not 
been widely reported (38). Research conducted in the general 

Table 3.  Time-specific differences in pain and disability by baseline depression subtype among participants at risk for symptomatic 
knee osteoarthritis*

Time point

Catatonic Anhedonic Melancholic

β 95% CI P β 95% CI P β 95% CI P
Pain

Baseline 0.01 –1.74, 1.76 0.994 0.45 –0.73, 1.64 0.451 –1.02 –3.17, 1.12 0.349
Year 1 1.54 –0.91, 4.00 0.219 1.59 0.07, 3.12 0.041 2.77 –1.99, 7.53 0.254
Year 2 0.32 –2.02, 2.66 0.790 0.97 –0.62, 2.57 0.231 0.40 –2.73, 3.53 0.802
Year 3 1.66 –0.59, 3.91 0.148 2.28 0.33, 4.22 0.022 2.59 –2.23, 7.42 0.292
Year 4 –0.20 –2.23, 1.84 0.850 1.56 –0.12, 3.23 0.069 1.95 –1.87, 5.77 0.316

Disability
Baseline –0.26 –1.79, 1.26 0.734 –0.17 –1.17, 0.82 0.737 0.50 –1.78, 2.78 0.667
Year 1 0.70 –1.07, 2.48 0.437 1.12 –0.16, 2.40 0.087 4.17 –0.52, 8.86 0.082
Year 2 –0.20 –1.75, 1.34 0.798 1.70 0.17, 3.23 0.030 0.80 –2.19, 3.80 0.599
Year 3 0.32 –1.57, 2.21 0.742 2.63 0.92, 4.35 0.003 1.55 –1.55, 4.64 0.327
Year 4 –1.06 –2.69, 0.57 0.204 1.57 0.00, 3.14 0.050 2.12 –1.73, 5.96 0.281

* Reference is asymptomatic. 95% CI = 95% confidence interval.

Table 4.  Time-specific differences in pain and disability by baseline depression subtype among participants with symptomatic knee 
osteoarthritis*

Time point

Catatonic Anhedonic Melancholic

β 95% CI P β 95% CI P β 95% CI P
Pain

Baseline –1.51 –5.06, 2.04 0.404 0.39 –2.31, 3.09 0.779 0.47 –3.68, 4.62 0.824
Year 1 –0.14 –3.96, 3.68 0.942 0.57 –2.32, 3.46 0.701 1.33 –3.40, 6.05 0.582
Year 2 –0.33 –4.34, 3.69 0.873 0.95 –2.18, 4.08 0.551 4.25 –0.45, 8.95 0.077
Year 3 –0.17 –4.07, 3.72 0.932 –0.64 –3.58, 2.30 0.668 2.98 –2.49, 8.44 0.286
Year 4 0.82 –3.34, 4.98 0.699 –0.31 –3.18, 2.55 0.830 4.79 –1.77, 11.35 0.152

Disability
Baseline 1.27 –2.07, 4.60 0.457 0.48 –2.17, 3.12 0.723 2.80 –1.84, 7.44 0.237
Year 1 0.58 –3.12, 4.27 0.760 1.24 –1.60, 4.08 0.393 2.76 –1.74, 7.27 0.230
Year 2 –0.54 –4.26, 3.19 0.778 –0.08 –2.80, 2.64 0.954 4.82 0.31, 9.33 0.037
Year 3 –0.01 –3.57, 3.54 0.994 0.14 –2.68, 2.96 0.921 6.56 1.72, 11.40 0.008
Year 4 1.21 –2.92, 5.34 0.567 0.31 –2.32, 2.94 0.817 5.35 –0.90, 11.60 0.094

* Reference is asymptomatic. 95% CI = 95% confidence interval.
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population derived an anhedonic subtype with similar characteris-
tics to current results: older age and more proportionate sex dis-
tribution (39). However, that study suggested that the anhedonic 
class had fewer future depressive episodes and stressful events 
than other subtypes, which is surprising given that anhedonia is 
associated with chronic stress and is a risk factor for major depres-
sion (39,40). Subtypes encompassing cognitive and somatic 
symptoms are consistently reported, and melancholic depres-
sion characterized by sadness, anhedonia, decreased energy 
and movement, difficulty concentrating, restless sleep, and other 
physical and emotional problems has been identified in the gen-
eral population and the elderly (33,41,42). Melancholic depression 
is a more severe phenotype, evidenced by higher CES-D scores 
satisfying screening criteria for every participant in this group, and 
is associated with an almost 2-fold response time to pharmaco-
logic treatment compared to other subtypes (43). Nonetheless, 
one-third of individuals in the catatonic and anhedonic groups 
screened positive for probable depression, and these subtypes 
not only represent differences in severity but illustrate different pat-
terns of symptomology and may explain (in part) why ~60% of 
depressed OA patients do not receive care for mental health (44).

Differences in pain and disability by depression subtype fur-
ther highlight the difficulty in managing psychosomatic factors in 
knee OA patients. The catatonic subtype was the only group that 
did not experience significantly greater pain and disability than 
asymptomatic participants. This finding is contrary to research 
showing that older adults who report somatic symptoms of 
depression but deny feelings of sadness are at an increased risk 
for functional impairment (35). Perhaps the catatonic subtype rep-
resents a mild phenotype, but it may also indicate somatic symp-
tom overlap, where CES-D items detect symptomology of knee 
OA or another unrelated medical condition (e.g., fatigue) that is 
not predictive of pain and disability (34,45,46). By contrast, par-
ticipants at risk for symptomatic knee OA in the anhedonic sub-
type had statistically greater pain and disability (1.5–2.3 WOMAC 
units) compared to asymptomatic individuals that was small in 
magnitude and not clinically significant. However, prior research 
indicates that OAI participants experience minimal changes in 
their knee OA symptoms; therefore, psychosomatic factors that 
contribute to persistently higher disease severity may be relevant 
at the population level (47). The cognitive symptoms of the anhe-
donic subtype may represent perseverative thought, a process of 
repetitive pessimistic thinking associated with negative affect and 
other traits closely related to depression, which could act as a 
response shift and lead to reports of worse pain and disability (48). 
Alternatively, the anhedonic subtype may constitute a mild mood 
disorder which, following the onset of a chronic physical disease, 
decompensates into melancholic depression in some individuals 
with symptomatic knee OA. This premise is supported by per-
sistently higher disease severity (4.8–6.6 WOMAC units) among 
symptomatic knee OA participants in the melancholic subtype, 
perhaps indicative of substantive increases in pain severity and 

decreased physical performance associated with a greater num-
ber and spectrum of depressive symptoms (49). Unfortunately, 
it is not possible to determine causality regarding knee OA and 
depression in the current study, and the melancholic subtype may 
represent more severe depressive symptoms that are a conse-
quence of pain, disability, or other related factors. Notwithstand-
ing, anhedonia, and to a larger extent, melancholic depression, 
may be a modifiable risk factor for worsening knee OA disease 
severity and a potential target for intervention.

There are limitations that should be considered when inter-
preting this study’s results. First, the 20-item CES-D lacks assess-
ments of symptoms (e.g., hallucinations, risk taking behaviors, 
etc.) commonly found in psychotic and atypical depression sub-
types (23). Nevertheless, the CES-D is a valid and reliable measure 
of depressive symptoms in individuals with knee OA that has been 
used in prior OAI studies of depression (6,7,49). Second, a 3-step 
design was used, where the measurement model was estimated, 
participants were assigned to a subtype, and a structural model of 
outcomes was fit; an approach that may lead to misclassification 
of class assignment. However, relative model entropy suggested 
a minimal level of class uncertainty, and any resulting bias would 
attenuate associations to the null. Last, the potential for confound-
ing by unmeasured factors, such as depression treatments, can-
not be eliminated here, as is the case for all observational studies. 
These limitations are mitigated by the current study’s strengths. 
First, this is one of the largest LCA studies on depression hetero
geneity in individuals with or at risk for chronic musculoskeletal 
disorders. Second, modern statistical techniques that leveraged 
machine learning and inverse probability weighting methods were 
used to overcome model misspecification when adjusting for 
potential confounders and missing data. Finally, the OAI is a well-
documented, prospective cohort that measures comprehensive 
sociodemographic and clinical characteristics relevant to assess-
ments of depression subtypes and their influence on OA pain and 
disability.

In conclusion, our study findings indicate that depression sub-
types among individuals with or at risk for symptomatic knee OA 
are differentiated primarily by psychomotor agitation, anhedonia, 
and other somatic symptoms. Moreover, anhedonic and melan-
cholic depression subtypes may be risk factors for increased pain 
and disability in individuals who develop and experience symp-
tomatic knee OA. These results demonstrate the advantages of 
using a data-driven approach to identify distinct depression sub-
types that represent unique clinical phenotypes presenting with 
different spectrums of symptoms. Consistent with clinical recom-
mendations, our findings support the need for depression screen-
ing in knee OA patients during primary care and rheumatology 
encounters with simple, reliable, and valid instruments (e.g., the 
2-item Patient Health Questionnaire) (50). If depression screen-
ing becomes routine in patients with musculoskeletal disorders, 
more comprehensive symptomatic assessments could be con-
ducted after referral to mental health professionals, where patients 
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then would receive treatments tailored to their specific depressive 
symptomology. However, the feasibility and cost-effectiveness of 
more complex assessment methods in the secondary care set-
ting that are required for depression subtype identification are 
unknown. Ultimately, our findings highlight the difficulty of using 
standard depression treatments in individuals with musculoskel-
etal disorders, and protocols that address the specific symptom-
atology of different subtypes of depression that may present in 
patients with knee OA are needed.
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Comparative Responsiveness of Outcome Measures for the 
Assessment of Pain and Function in Osteoarthritis of the 
First Metatarsophalangeal Joint
Hylton B. Menz,1  Maria Auhl,2 Jade M. Tan,2 Pazit Levinger,3 Edward Roddy,4 and Shannon E. Munteanu2

Objective. The present study was undertaken to assess the comparative responsiveness of outcome measures 
used for the assessment of pain and function in individuals with osteoarthritis (OA) of the first metatarsophalangeal 
(MTP) joint.

Methods. Eighty-eight patients (mean ± SD age 57.2 ± 10.2 years) with OA of the first MTP joint who participated 
in a randomized trial completed the Foot Health Status Questionnaire (FHSQ), the Foot Function Index Revised Short 
Form (FFI-RS), and 100-mm visual analog scales (VAS) of pain and stiffness at baseline and 12 weeks. Responsive-
ness of the subscales for each outcome measure was determined using paired t-tests, Cohen’s d coefficient, the 
standardized response mean (SRM), and the Guyatt index (GI). Sample size estimations were calculated based on 
minimal important differences (MIDs).

Results. All outcome measures were sensitive to change and demonstrated at least medium effect sizes. Three 
outcome measures exhibited large or very large effect sizes for Cohen’s d coefficient, the SRM, and the GI: the FHSQ 
pain subscale (d = 1.03; SRM 1.10, GI score 1.30), the FFI-RS pain subscale (d = 1.09; SRM 1.05, GI score 1.73), 
and the 100-mm VAS of pain severity while walking (d = 1.22; SRM 1.07, GI score 1.78). Sample size calculations 
indicated that between 20 and 33 participants per group would be required to detect MIDs using these measures.

Conclusion. The FHSQ pain subscale, FFI-RS pain subscale, and the 100-mm VAS of pain severity while walking 
are the most responsive outcome measures for the assessment of pain and function in individuals with OA of the first 
MTP joint. These findings provide useful information to guide researchers in selecting appropriate outcome measures 
for use in future clinical trials.

INTRODUCTION

Osteoarthritis (OA) of the first metatarsophalangeal (MTP) joint 
is the most common form of foot OA, affecting 8% of individuals 
over 50 years of age (1). OA of the first MTP joint is characterized by 
joint pain and stiffness and impairs both foot-specific and general 
health-related quality of life (2). Nearly three-fourths of those with 
the condition report it to be disabling (1). Increasing radiographic 
severity of OA of the first MTP joint is associated with an increased 
prevalence of pain, deformity, and decreased joint range of motion, 
which suggests that it may be a progressive disorder that has an 
accumulative impact on the load-bearing function of the foot (3).

Despite the high prevalence and burden of OA of the first 
MTP joint, relatively little research has been undertaken to eval-
uate commonly used treatments for this condition (4), and there 
is no consensus as to which outcome measures should be used 
to assess treatment effectiveness. Of the 4 randomized trials 
that have been undertaken to assess interventions for OA of 
the first MTP joint, 2 used generic visual analog scales (VAS) 
of pain (5,6), and 2 used the pain domain of the Foot Health 
Status Questionnaire (FHSQ) (7,8) as the primary outcome 
measure. However, recent reviews of measures of foot func-
tion, foot health, and foot pain indicate that while several ques-
tionnaires have been developed, very few of these outcome 
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measures have undergone adequate psychometric evaluation. 
In particular, the ability of these instruments to detect changes 
in foot health status, commonly referred to as responsiveness, 
has not been examined in detail, thereby limiting their use in 
clinical trials (9–14).

Of the available foot-specific questionnaires, the FHSQ and 
Foot Function Index (FFI) have undergone the most extensive psy-
chometric development and would appear to be the most appro-
priate measures to use in clinical trials (12). However, VAS scores 
of pain have also been widely used in both the foot-specific (13) 
and general rheumatology (15) literature and are also worthy of 
consideration. Therefore, as part of a randomized trial comparing 
the effectiveness of prefabricated foot orthoses and rocker-sole 
footwear for the treatment of OA of the first MTP joint (8,16), we 
compared the responsiveness of 3 outcome measures: the FHSQ 
(17), the FFI Revised Short Form (FFI-RS) (18), and 100-mm VAS 
for pain and stiffness specifically focused on the first MTP joint. 
We also estimated the sample size requirements using these out-
come measures for future clinical trials.

MATERIALS AND METHODS

Study design. This study was undertaken as part of a 
larger randomized trial, the details of which have been published 
previously (8,16). Briefly, the trial was a parallel-group randomized 
trial with a 12-week follow-up period, with participants randomly 
allocated to receive either prefabricated foot orthoses or rocker-
sole footwear. Key inclusion criteria for the trial were pain in the 
first MTP joint rated at least 20 mm on a 100-mm VAS on most 
days for at least 12 weeks, and <64° of dorsiflexion range of 
motion of the first MTP joint. Key exclusion criteria included pre-
vious surgery on the first MTP joint, significant deformity of the 
first MTP joint including hallux valgus, cognitive impairment, or a 
history of recurrent falls (8,16). Radiographic OA of the first MTP 
joint was documented using a standardized atlas (19). The trial 
was registered (Australian New Zealand Clinical Trials Registry 
ID: ACTRN12613001245785), the La Trobe University Human 
Ethics Committee provided ethics approval (number 13-003), 
and all participants provided written informed consent.

Outcome measures. To assess responsiveness, 3 sets of 
outcome measures were evaluated: the FHSQ (17), the FFI-RS 
(18), and 4 100-mm VAS of pain and stiffness specifically focused 
on the first MTP joint.

The FHSQ consists of 13 questions reflecting 4 foot health–
related subscales with a recall period of the past week: pain  
(4 questions), function (4 questions), footwear (3 questions), 
and general foot health (2 questions) (17). The pain and function 
domains are the most commonly used in clinical trials, and the 
pain domain was the primary outcome measure in this study. 
Each question is scored on a 5-point scale, and individual scores 
are then recoded, tabulated, and finally transformed to a scale 
ranging from 0 (indicating poorest foot health) to 100 (indicating 
best foot health). The FHSQ demonstrates a high degree of con-
tent, criterion, and construct validity and high retest reliability (17) 
and has been shown to be responsive to change in clinical trials of 
foot orthoses for plantar heel pain (20) and extra-depth footwear 
for older individuals with foot pain (21). A recent review recom-
mended the use of the FHSQ in clinical trials of rheumatologic 
foot disorders (12). The FHSQ pain and function subscales were 
measured at baseline and at 4, 8, and 12 weeks. For the purpose 
of the analysis in this study, only the baseline and 12-week scores 
were used.

The original FFI consisted of 23 questions divided into 3 sub-
scales: pain (9 questions), disability (9 questions), and activity limi-
tation (5 questions), with a recall period of the past week (22). The 
FFI was subsequently revised to incorporate additional questions 
relating to the psychosocial burden of foot pain (23), and 2 ver-
sions were proposed: a long-form consisting of 68 questions, and 
a short form version (FFI-RS) containing 34 questions divided into 
5 subscales: pain (7 questions), stiffness (7 questions), difficulty  
(11 questions), activity limitation (3 questions), and social aspects 
(6 questions) (18). Each question is scored on a 4-point scale, with 
higher scores representing worse foot health. To obtain a subscale 
score, the item scores are added and divided by the maximum 
total possible and then multiplied by 100. The FFI-RS demonstrates 
similar psychometric properties to the long-form version, which has 
demonstrated content validity, construct validity, and reliability (23).

In this study, the FFI-RS pain, stiffness, and difficulty sub-
scales were measured at baseline and 12 weeks. It was neces-
sary to modify the wording of the pain and stiffness subscales 
because the original questionnaire required participants to report 
pain and stiffness both when wearing shoes and when wearing 
custom shoe inserts. Because this would have created confusion 
in our trial (as participants were allocated to either foot orthoses 
or rocker-sole footwear), we merged these 2 questions and used 
the generic phrase “the intervention provided” rather than “shoes” 
and “custom inserts.” This resulted in the pain subscale having 
5 questions and the stiffness subscale having 6 questions rather 
than the original 7 questions.

In addition to the FHSQ and FFI-RS outcome measures, we 
also asked participants to report, in relation to their big toe joint:  

SIGNIFICANCE & INNOVATIONS
•	 This is the first study to evaluate the comparative 

responsiveness of outcome measures for osteoar-
thritis of the first metatarsophalangeal joint.

•	 The most responsive measures were the Foot 
Health Status Questionnaire pain subscale, the 
Foot Function Index Revised Short Form pain sub-
scale, and the 100-mm visual analog scale of pain 
severity while walking.

•	 These findings will assist in the design of future clin-
ical trials investigating this common and disabling 
condition.
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(a) the amount of pain they experienced in the past week while 
walking over a flat surface, (b) the amount of pain they experienced 
in the past week at rest, (c) the severity of stiffness they experi-
enced in the past week after first awakening in the morning, and 
(d) the severity of stiffness they experienced in the past week while 
sitting, lying, or resting later in the day. Each of these 4 questions 
was accompanied by a 100-mm VAS, with the pain questions 
anchored by the statements “no pain” and “worst pain possible” 
and the stiffness questions anchored by the statements “not stiff 
at all” to “most stiff possible.” To avoid clustering of scores, no ver-
bal descriptors at intermediate points were used (15). We chose 
VAS rather than numerical rating scales because the VAS have 
been used in 2 of the 4 clinical trials for this condition (5,6).

Statistical analysis. Statistical analyses were undertaken 
using Statistics, version 25 (IBM) and Excel (Microsoft Corpora-
tion). To evaluate the responsiveness of the outcome measures, 
4 different effect size statistics were used (24–28): (a) a paired  
t-test to test the null hypothesis that there was no change in the 
mean scores from baseline to the 12-week follow-up; (b) Cohen’s 
d coefficient, calculated as the mean change scores between 
baseline and 12-week follow-up divided by the SD of the baseline 
scores (29), (c) the standardized response mean (SRM), calcu-
lated as the mean change scores between baseline and 12-week 
follow-up divided by the SD of the differences between the base-
line and 12-week follow-up scores (30), and (d) the Guyatt index 
(GI), which represents the magnitude and variability in change 

scores for an outcome measure relative to the minimal important 
difference (MID) of the measure (24). The MID for each measure 
was calculated as the mean change score in participants who 
improved, minus the mean change score in participants who did 
not improve or whose symptoms worsened (24). The formulae 
used to calculate these responsiveness measures are provided 
in Supplementary Appendix A, available on the Arthritis Care & 
Research web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23883/​abstract. To aid interpretation, the following effect 
size benchmarks were used: negligible effect size (<0.15), small 
effect size (≥0.15 and <0.40), medium effect size (≥0.40 and 
<0.75), large effect size (≥0.76 and <1.10), and very large effect 
size (≥1.10) (31). Sample size estimations for each outcome 
measure were calculated using the Statistics Sample Power 3.0 
Plug-In (IBM), using the calculated MIDs and SDs of the 12-week  
follow-up scores at 80% and 90% power, 5% alpha, and assum-
ing no dropouts.

RESULTS

Participant characteristics. For the clinical trial from 
which these data were derived, 102 participants (45 men and 
57 women) were randomly allocated to receive prefabricated 
foot orthoses (n = 52) or rocker-sole footwear (n = 50) (8). By the  
12-week follow-up, there were 5 withdrawals in the orthoses group 
and 5 withdrawals in the footwear group. An additional 4 partici-
pants were missing 12-week follow-up data, leaving a total of 88 
participants with complete data for this analysis (37 men and 51 

women). Characteristics of these participants are shown in Table 1.

Responsiveness. Means and SDs of baseline and 12-week 
follow-up scores for each outcome measure are shown in Table 2, 
and the 4 responsiveness statistics are shown in Table 3. All out-
come measures were sensitive to change (paired t-tests significant 
at P < 0.001) and exhibited at least medium effect sizes for Cohen’s 

Table 1.  Participant characteristics (n = 88)*
Age, mean ± SD years 57.2 ± 10.2
Sex, female 51 (58.0)
Height, mean ± SD cm 165.7 ± 8.7
Weight, mean ± SD kg 79.1 ± 14.1
Body mass index, mean ± SD kg/m2 28.7 ± 4.6
General health, mean ± SD

Short Form 12 physical score 45.0 ± 10.4
Short Form 12 mental score 53.9 ± 8.6

Clinical features†
Pain duration, median (range) months 33 (4–420)
First MTP joint range of motion, mean ± SD 

degrees
40.1 ± 12.8

Pain on palpation 88 (100)
Palpable dorsal exostosis 84 (96)
Joint effusion 29 (33)
Pain on motion of first MTP joint 81 (92)
Hard-end feel when dorsiflexed 78 (89)
Crepitus 57 (66)

Radiographic features‡
Dorsal osteophytes 81 (92)
Dorsal joint space narrowing 76 (86)
Lateral osteophytes 73 (83)
Lateral joint space narrowing 76 (86)
Radiographic OA of the first MTP joint§ 61 (70)

* Values are the number (%) unless indicated otherwise. MTP = 
metatarsophalangeal; OA = osteoarthritis. 
† For full descriptions of tests, see Zammit et al (41). 
‡ Score >0 using Menz et al atlas (19). 
§ At least 1 score of 2 for osteophytes or joint space narrowing from 
either view, using case definition from Menz et al atlas (19). 

Table 2.  Mean ± SD scores for each outcome measure at baseline 
and 12-week follow-up*

Baseline
12-week 
follow-up

FHSQ pain† 53.3 ± 19.5 73.4 ± 15.8
FHSQ function† 68.8 ± 24.0 81.9 ± 17.8
FFI-RS pain‡ 42.2 ± 17.4 23.3 ± 16.2
FFI-RS stiffness‡ 34.8 ± 20.8 21.6 ± 17.3
FFI-RS difficulty‡ 39.2 ± 24.9 26.5 ± 19.7
VAS pain severity at rest‡ 34.0 ± 25.4 16.6 ± 19.5
VAS pain severity while 

walking‡
47.8 ± 21.8 21.2 ± 19.4

VAS stiffness severity in 
the morning‡

35.6 ± 26.2 19.6 ± 21.9

VAS stiffness severity later 
in the day‡

35.7 ± 26.7 16.3 ± 18.6

* FHSQ = Foot Health Status Questionnaire; FFI-RS = Foot Function 
Index Revised Short Form; VAS = visual analog scale. 
† Higher scores represent improved health status. 
‡ Lower scores represent improved health status. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23883/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23883/abstract
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d coefficient, SRM, and GI score. Three outcome measures exhib-
ited large or very large effect sizes: the FHSQ pain subscale (d = 
1.03; SRM 1.10, GI score 1.30), the FFI-RS pain subscale (d = 
1.09; SRM 1.05, GI score 1.73), and the 100-mm VAS of pain 

severity while walking (d = 1.22; SRM 1.07, GI score 1.78).

Sample size estimations. Based on a secondary analysis 
of the changes observed in our trial, sample size estimations for 
the 9 outcome measures ranged from 20 to 135 participants per 
group at 80% power, and 27 to 180 participants per group at 90% 
power (Table 4). The smallest sample size requirement was for 
VAS pain severity while walking (n = 20 at 80% power and n = 27 
at 90% power), and the largest was for VAS pain severity at rest  

(n = 135 at 80% power and n = 180 at 90% power).

DISCUSSION

This is the first study to evaluate the responsiveness of out-
come measures of foot pain and disability in individuals with OA of 
the first MTP joint. Using data obtained from a clinical trial of foot 

orthoses and rocker-sole footwear (8), we evaluated 3 outcome 
measures: the FHSQ (17), the FFI-RS (23), and VAS of pain and 
stiffness. We applied the following 4 responsiveness statistics: 
paired t-tests, Cohen’s d coefficient, the SRM, and the Guyatt 
index. We found that all outcome measures were sensitive to 
change and demonstrated at least medium effect sizes across 
all responsiveness measures. Of these measures, the FHSQ pain 
subscale, the FFI-RS pain subscale, and the 100-mm VAS of pain 
severity while walking demonstrated the highest responsiveness 
and would therefore appear to be appropriate outcome measures 
to use in future clinical trials of interventions for OA of the first MTP 
joint.

The responsiveness of the FHSQ pain and function subscales 
reported here is consistent with previous studies demonstrating 
responsiveness of this outcome measure in clinical trials of foot 
orthoses for plantar heel pain (20) and extra-depth footwear in 
older individuals with generalized foot pain (21). The MIDs (11.1 
for pain and 9.7 for function) are also similar to those reported for 
plantar heel pain (13 and 7, respectively) (32). However, it is not 
possible to compare our findings relating to the FFI-RS to previ-
ous literature because although the original version of the FFI has 
also been demonstrated to be responsive to change following foot 
surgery (33,34), there are no responsiveness data available for the 
FFI-RS (18). Pain assessment using the VAS has also been shown 
to be responsive in clinical trials of plantar heel pain (32), with the 
MID for first step pain (19 mm) being similar to pain while walking 
reported here (17.7 mm).

Recent Osteoarthritis Research Society International guide-
lines for clinical trials of rehabilitation interventions did not rec-
ommend a specific outcome measure for trials investigating OA. 
However, as a general principle, the guidelines suggest that pain 
measures should specify the timeframe of pain recall and the 
type of pain (e.g., at rest or during movement) (35). All 3 outcome 
measures we used asked participants to report symptoms in the 

Table 3.  Responsiveness of the outcome measure subscales*

Paired t-test Cohen’s d coefficient SRM GI

MIDt P Value Interpretation Value Interpretation Value Interpretation
FHSQ pain –10.25 <0.001 1.03 Large 1.10 Very large 1.30 Very large 11.1
FHSQ function –7.90 <0.001 0.55 Medium 0.85 Large 1.23 Very large 9.7
FFI-RS pain 9.84 <0.001 1.09 Large 1.05 Large 1.73 Very large 14.7
FFI-RS stiffness 6.37 <0.001 0.63 Medium 0.68 Medium 1.17 Very large 10.3
FFI-RS difficulty 6.57 <0.001 0.51 Medium 0.70 Medium 1.42 Very large 12.1
VAS pain severity 

at rest
6.65 <0.001 0.69 Medium 0.72 Medium 0.68 Medium 6.7

VAS pain severity 
while walking

10.00 <0.001 1.22 Very large 1.07 Large 1.78 Very large 17.7

VAS stiffness 
severity in the 
morning

6.09 <0.001 0.61 Medium 0.65 Medium 1.31 Very large 13.0

VAS stiffness 
severity later in 
the day

6.40 <0.001 0.73 Medium 0.69 Medium 1.12 Very large 11.9

* SRM = standardized response mean; GI = Guyatt index; MID = minimal important difference; FHSQ = Foot Health Status Questionnaire; FFI-RS = 
Foot Function Index Revised Short Form; VAS = visual analog scale. 

Table 4.  Sample size estimates for each outcome measure at 80% 
and 90% power, assuming 2-group comparison and no dropouts*

80% 90%
FHSQ pain 33 44
FHSQ function 54 72
FFI-RS pain 21 27
FFI-RS stiffness 46 61
FFI-RS difficulty 43 57
VAS pain severity at rest 135 180
VAS pain severity while walking 20 27
VAS stiffness severity in the morning 46 61
VAS stiffness severity later in the day 40 53

* Values are the number of participants. FHSQ = Foot Health Status
Questionnaire; FFI-RS = Foot Function Index Revised Short Form; VAS 
= visual analog scale. 
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past week, which has been shown to be the most reliable recall 
period for chronic musculoskeletal pain (36). Similarly, these out-
come measures evaluate pain during different activities such as 
standing, walking, or negotiating stairs. Interestingly, the VAS of 
pain while walking was more responsive than pain at rest, which 
is consistent with the view that the burden associated with OA of 
the first MTP joint relates primarily to difficulty walking (37). It would 
therefore appear that these outcome measures reliably capture 
changes in domains that are of importance to individuals with this 
condition.

Reduced range of motion is a cardinal feature of OA of the 
first MTP joint, which alters load distribution through the foot (38) 
and has a dose-response relationship with radiographic severity 
(3). In this context, perceived stiffness of the first MTP joint 
would seem to be an important outcome measure to include in 
clinical trials. However, although both the FFI-RS stiffness and 
VAS stiffness measures were responsive to change, the associ-
ated effect sizes were generally smaller than measures related 
to pain. A possible explanation for this observation is that the 
interventions used in the trial (orthoses and rocker-sole foot-
wear) do not change the available range of motion within the 
first MTP joint but achieve some reduction in perceived stiffness 
by reducing pain and inflammation. In contrast, cheilectomy, 
a surgical procedure in which the dorsal exostosis is excised, 
results in significant increases in first MTP joint range of motion 
(39). As such, the stiffness outcome measures may demon-
strate greater responsiveness following joint-preserving surgery 
and should therefore be considered for inclusion in future sur-
gical trials.

The findings of this study need to be interpreted in the con-
text of several key limitations. First, there is no widely accepted, 
gold standard approach for assessing responsiveness of out-
come measures, and each statistical approach has inherent 
limitations (25,28). However, the 4 statistics we used resulted 
in a consistent pattern of responsiveness across the outcome 
measure subscales. Second, there is no consensus regarding 
the most appropriate question or number of response levels in 
determining the anchor used to define the MID (28), and the 
MID for symptom deterioration may be different from the MID 
for symptomatic improvement and require further investigation. 
Third, due to the nature of the trial upon which this analysis was 
based, it was necessary to alter the wording of some FFI-RS 
questions, which may have altered its psychometric properties, 
reliability, and validity. As such, our findings may differ from appli-
cations of the FFI-RS in its original form. Fourth, it is possible 
that the responsiveness of these outcome measures may be dif-
ferent for other types of interventions. Fifth, we have only tested 
the responsiveness of the measures over a 1-week recall period, 
so their responsiveness over a longer recall period is unknown. 
Sixth, because this study was embedded in a randomized trial, 
the findings are only generalizable to the patient population who 
met the inclusion criteria for the trial. Finally, the FHSQ has not yet 

undergone Rasch analysis, a statistical technique that evaluates 
whether overall scores summed from ordinal items can be con-
sidered to be linear, interval-level variables (40).

In conclusion, this study has shown that the FHSQ pain sub-
scale, the FFI-RS pain subscale, and the 100-mm VAS of pain 
severity while walking are the most responsive outcome measures 
in individuals with OA of the first MTP joint receiving an orthotic or 
rocker-sole footwear intervention. These findings provide useful 
information to guide researchers in selecting appropriate outcome 
measures for use in future clinical trials and assist in determining 
sample size requirements. Further investigation is required to eval-
uate the broader psychometric properties of these measures in 
individuals with OA of the first MTP joint.
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Association of Comorbid Interphalangeal Joint Pain and 
Erosive Osteoarthritis With Worse Hand Function in 
Individuals With Symptomatic Thumb Base Osteoarthritis
Leticia A. Deveza,1 Sarah R. Robbins,1  Vicky Duong,1 Anne Wajon,2 Edward A. Riordan,1 Kai Fu,1

Ray Jongs,3 Win Min Oo,1 and David J. Hunter1

Objective. Hand osteoarthritis (OA) trials often target exclusively the thumb base joint, although concomitant 
widespread interphalangeal (IP) joint involvement is frequent. We aimed to compare hand strength and function 
between individuals with isolated thumb base OA and those with coexistent IP joint pain and erosive OA.

Methods. Baseline data from a thumb base OA trial were analyzed (n = 204). Participants were age ≥40 years 
with symptomatic and radiographic thumb base OA. Only the index hand was included. Self-reported IP joint pain  
(in any proximal, distal, or thumb IP joint), hand function score (Functional Index for Hand Osteoarthritis questionnaire 
[range 0–30]), and hand grip and tip-pinch strength test results were obtained at baseline. Radiographs were scored 
for OA severity at each joint (Kellgren/Lawrence grade) and for the presence of erosive OA at the thumb base or IP 
joints. Multiple linear regression was used adjusting for age, sex, body mass index, and radiographic thumb base OA 
severity.

Results. Compared to individuals with isolated thumb base OA (62%), those with concomitant IP joint pain 
(17%) and erosive OA (21%) had significantly worse hand function (β = 1.82 [95% confidence interval (95% CI) 
0.36, 3.28] and β = 1.47 [95% CI 0.74, 2.88], respectively). In addition, coexistence of erosive OA was independently 
associated with lower grip and tip-pinch strength (β = –5.14 [95% CI –7.58, –2.70] and β = –0.61 [95% CI –1.05, 
–0.17], respectively).

Conclusion. Concomitant IP joint pain and erosive OA are associated with worse hand function in individuals with 
thumb base OA. Patient stratification based on these characteristics may improve the design of future thumb base 
OA trials.

INTRODUCTION

Hand osteoarthritis (OA) is a common condition, with higher 
prevalence among older postmenopausal women (1). The preva-
lence of symptomatic hand OA was estimated to vary from 5% to 
26% in large population-based surveys and was highest among 
elderly American women (1,2). It has been recently estimated that, 
by age 85 years, ~40% of the population (47% of women and 
24% of men) will experience symptoms of hand OA (3). Although 
it is often a neglected disease, individuals who are affected by 
it generally experience difficulties or inability to perform daily 

activities due to poor hand strength and function in addition to 
chronic joint pain, which are the hallmarks of this disease (2). As a 
consequence, overall health-related quality of life is compromised 
and is similar or only slightly less to that observed in patients with 
rheumatoid arthritis (4,5). In addition, the erosive hand OA subset 
has been associated with worse pain and function compared to 
other inflammatory arthritis affecting the hands (6).

It is generally accepted that hand OA comprises 3 different 
phenotypes with potentially distinct risk factors and pathogenesis: 
thumb base OA, erosive OA, and nodal or interphalangeal (IP) OA 
(1). Nevertheless, overlap between these phenotypes frequently 
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occurs in the same individual (7–10). Hand OA trials often target 1 
specific hand OA phenotype (e.g., erosive or thumb base OA) due 
to their presumed distinct pathogenesis and treatment options (9). 
Furthermore, the recently updated recommendations for hand OA 
management by the European League Against Rheumatism have 
also endorsed individualization of treatment, taking into account 
factors such as location and severity (11). However, the frequent 
co-occurrence of IP and erosive involvement in individuals with 
thumb base OA may detrimentally influence overall hand strength 
and function (8,10), which are core outcome measures assessed 
in hand OA trials to evaluate treatment effects (12). This, in turn, 
may have important implications for patient stratification and clin-
ical trial design in thumb base OA because widely used instru-
ments to assess hand function are not specific to the thumb (12). 
As yet, it is not well established if the overlap between hand OA 
phenotypes influences clinical outcomes in trials targeting exclu-
sively 1 phenotype (12).

The main aim of this study was to compare hand strength 
and function between individuals with isolated symptomatic 
thumb base OA and those with coexistent widespread IP joint 
pain and erosive OA. Pain at the base of the thumb and patient 
global assessment (PtGA) of the thumb base OA were compared 
as secondary analyses. As a secondary aim, we also investigated 
the effect of the number of painful IP joints and the number of IP 
joints affected by radiographic OA on hand strength and function 
in this relatively large population of individuals with symptomatic 
thumb base OA.

MATERIALS AND METHODS

Study design. We conducted an exploratory analysis of 
baseline data from the Efficacy of Combined Conservative Ther-
apies on Clinical Outcomes in Base of Thumb Osteoarthritis 
(COMBO) Trial (13). COMBO was a randomized controlled trial 
assessing the efficacy of a combination of conservative therapies 
for thumb base OA, including education about OA and joint pro-
tection, hand exercises, a splint for the base of the thumb, and 
diclofenac sodium gel over 6 weeks, compared to education and 

joint protection alone. The trial was approved by the local ethics 
committee (HREC/15/HAWKE/479). The data used in this study 
were collected at baseline before randomization.

Participants. Participants were recruited from the com-
munity and a research volunteer database. Eligible participants 
were required to fulfill the following criteria: age ≥40 years; pain 
at the base of the thumb at least one-half of the days in the previ-
ous month; average pain score of ≥40 on a 100-mm visual analog 
scale (VAS) over the past 30 days and in the 48 hours prior to the 
screening visit; score ≥6 on the Functional Index for Hand Osteo-
arthritis (FIHOA) (range 0–30) (14), and radiographic evidence of 
thumb base OA as read by a trained rheumatologist (LAD) (Kellgren/ 
Lawrence [K/L] grade ≥2) (15). Participants with a known diagno-
sis of crystal-related or autoimmune arthritis, hemochromatosis, or 
fibromyalgia were excluded. We also excluded participants who 
had the following: hand surgery in the previous 6 months; intraar-
ticular hyaluronic acid injection in the affected joint in the previous 
6 months; intraarticular steroid injection in the affected joint in the 
previous month; significant injury to the affected joint in the previ-
ous 6 months; and any other self-reported hand condition likely 
contributing to the pain at the base of the thumb (e.g., scaphoid 
fracture, carpal tunnel syndrome, DeQuervain’s tendinopathy, trig-
ger thumb, joint infection, diabetic neuropathy, pain referred from 
the neck, pain following hand or wrist trauma or surgery). Additional 
exclusion criteria have been described in the trial’s protocol (13).

Baseline clinical and radiographic assessment. Demo-
graphic and clinical data including age, height, weight, and self-
reported pain in the IP joints were collected at the baseline visit. 
Self-reported IP joint pain was assessed by asking participants to 
point on their own index hand to the joints in which they experi-
ence pain. Presence of pain in the thumb IP joint and second to 
fifth proximal and distal IP joints were considered in this analysis. 
A posteroanterior-view radiograph of both hands was obtained at 
baseline and scored by a trained rheumatologist (LAD) for OA sever-
ity according to K/L grade (15) and presence of central erosions 
(present versus absent), according to the Osteoarthritis Research 
Society International (OARSI) atlas (16), in the thumb base and IP 
joints. Erosive OA was defined as the presence of a characteristic 
OA erosion in at least 1 of the joints assessed in the index hand. 
The intra- and interrater reliability assessment of the K/L scores at 
the first carpometacarpal (CMC) joint showed substantial agree-
ment (17) (weighted κ = 0.76 and 0.87, respectively). Intrarater reli-
ability was calculated by 1 rater using 20 radiographs with a 1-year 
interval between readings (LAD), and interrater reliability was calcu-
lated using 22 radiographs read by 2 raters (LAD and DJH).

Outcomes. The outcomes used in this study have been 
promoted as core outcome measures in the most recent recom-
mendations by the OARSI for the design and conduct of hand 
OA trials (12). The outcomes were collected at baseline from all 

SIGNIFICANCE & INNOVATIONS
•	 Concomitant interphalangeal (IP) joint pain and 

erosive osteoarthritis (OA) are common in individ-
uals with thumb base OA and are associated with 
worse hand function.

•	 A higher number of painful IP joints, but not the 
number of IP joints affected by radiographic OA, was 
independently associated with more severe function-
al impairment in individuals with thumb base OA.

•	 Whether these characteristics influence treatment 
response in individuals receiving treatment target-
ed to the thumb base joint is still not well estab-
lished.
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included participants. Self-reported hand function was assessed 
by the FIHOA (14), a questionnaire composed of 10 items scored 
from 0 to 3 (higher scores indicating poorer hand function), to 
evaluate the degree of difficulty involved in performing distinct 
activities involving the hand. This tool has been extensively used 
in hand OA research and was shown to be valid, reliable, and fea-
sible (18). Hand strength was assessed by the grip and tip-pinch 
strength tests using a hand dynamometer (Jamar) and a pinch 
gauge (B&L Engineering), respectively, and measured in kilo-
grams. Participants were sitting with both feet flat on the ground 
and elbow flexed at 90°. For the tip-pinch strength test, partici-
pants were asked to pinch the pinch gauge with their thumb and 
index finger forming an O shape. The maximum measurement of 
3 attempts for each strength outcome was used in the analysis. A 
VAS (range 0–100) was used to quantify average pain at the base 
of the thumb in the previous 48 hours. PtGA of the thumb base 
condition was assessed on a VAS with the question, “Considering 
all the ways your thumb arthritis affects you, how have you been 
during the last 48 hours?” (0 indicating “very well,” 100 indicating 
“very poor”).

Disease subsets. Only the index hand, defined by average 
VAS pain in the previous 48 hours, was included in the analysis. 
If both thumb bases were equally painful, participants nominated 
the worst hand (i.e., the one that caused more difficulties to the 
participant), and it was included as the index.

Participants were divided into 1 of 3 groups based on the 
presence of self-reported IP joint pain defined as pain in ≥1 IP 
joint (among all proximal and distal IP and thumb IP joints) and 
presence of erosive OA on radiograph in either thumb base 
or IP joints: 1) isolated thumb base OA (group 1); 2) thumb 
base OA and concomitant IP joint pain (nonerosive) (group 2); 
3) thumb base OA and erosive OA (group 3). Group 3 was
based on a radiographic definition and included participants 
with and without IP joint pain (n = 22 and n = 21, respectively). 
Due to the small sizes of these groups, they were not analyzed 
separately.

Statistical analysis. The distribution of thumb base OA 
severity and other demographic characteristics between the 3 
groups were summarized and compared using the chi-square 
test for categorical variables and the analysis of variance (ANOVA) 
test for continuous variables. Clinical outcomes were compared 
across the groups using the ANOVA test as the data were nor-
mally distributed on assessment of histograms. Multiple linear 
regression was used to compare hand function, strength, thumb 
base pain, and PtGA across the groups, adjusting for age, sex, 
body mass index (BMI), and radiographic thumb base OA sever-
ity. The adjusted difference between the groups in the outcome 
(beta coefficient and 95% confidence intervals [95% CIs]) was 
presented along with the P value. P values less than 0.05 were 
considered significant.

Categories for the number of painful IP joints and number 
of IP joints affected by radiographic OA (K/L grade ≥2) were 
created based on its distribution: 0, 1–5, and 6–9. To assess 
the effect of the number of painful IP joints and number of IP 
joints affected by radiographic OA on our main clinical out-
comes, linear regression models were fitted, adjusting for age, 
sex, BMI, radiographic thumb base OA severity, and disease 
group.

RESULTS

All randomized participants (n = 204) were included in this 
analysis. The mean ± SD age was 65 ± 10 years, and 75% 
of participants were female (Table 1). The majority of partici-
pants had isolated thumb base OA (n = 126, 62%), while 17% 
(n = 35) had concomitant IP joint pain without radiographic 
erosions, and 21% (n = 43) had erosive OA. Radiographic IP 
OA defined as K/L grade ≥2 in any IP joint was present in 
73% (n = 149) of participants, while the presence of IP joint 
pain was less common (n = 57, 28%). Women more often 
had symptomatic involvement of the IP joints and erosive OA. 
Radiographic thumb base OA was more severe in group 3 

(Table 2).

Table 1.  Baseline characteristics of the study population*

Characteristic Value
Age, mean ± SD years 65 ± 10
Female sex 155 (75.6)
BMI, mean ± SD kg/m2 28.6 ± 6.5
Right hand index 118 (57.6)
Function (FIHOA score), mean ± SD 10.6 ± 3.9
Grip strength, mean ± SD kg 21.2 ± 9.3
Tip-pinch strength, mean ± SD kg 3.2 ± 1.3
Thumb base pain, mean ± SD (range 0–100) 57.7 ± 13.6
Patient global assessment, mean ± SD (range 0–100) 39.4 ± 21.7
K/L grade

2 88 (43.1)
3 80 (39.2)
4 36 (17.6)

Presence of IP joint pain 57 (27.9)
Number of painful IP joints

0 147 (72.1)
1–5 39 (19.1)
6–9 18 (8.8)

Presence of radiographic OA in IP joint 
 (any IP joint with K/L grade ≥2)

149 (73)

Number of joints affected by radiographic OA†
0 55 (27.0)
1–5 108 (52.9)
6–9 41 (20.1)

Hand OA group
Isolated thumb base OA (group 1) 126 (61.8)
Thumb base and symptomatic IP joint (group 2) 35 (17.2)
Thumb base and erosive OA (group 3) 43 (21.1)

* Values are the number (%) unless indicated otherwise. BMI = body 
mass index; FIHOA = Functional Index for Hand Osteoarthritis; K/L = 
Kellgren/Lawrence (grade); IP = interphalangeal; OA = osteoarthritis. 
† K/L grade ≥2. 
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There were statistically significant differences between the 
groups in all clinical outcomes except thumb base pain (Table 2). 
Overall, hand function, grip and pinch strength, and PtGA scores 
were less severe in individuals in group 1 compared to those in the 
other 2 groups. Individuals in group 3 displayed the lowest hand 
strength scores (mean ± SD grip strength 15.6 ± 7 kg in group 3 
versus 23.5 ± 9.7 kg and 19.6 ± 7.2 kg in groups 1 and 2, respec-
tively; mean ± SD pinch strength 2.6 ± 1.1 kg in group 3 versus 
3.4 ± 1.3 kg and 3.3 ± 1.3 kg in groups 1 and 2, respectively), 
while mean ± SD PtGA was poorest in group 2 (47.7 ± 21.2 in 
group 2 versus 35.8 ± 22.1 and 43.3 ± 18.7 in groups 1 and 3, 
respectively). Compared to group 1, adjusted analysis for age, sex, 
BMI, and radiographic thumb base severity (Table 3) showed per-
sistence of significantly worse hand function scores in groups 2 
(β = 1.82 [95% CI 0.36, 3.28]) and group 3 (β = 1.47 [95% CI 0.74, 
2.88]), worse grip and pinch strength in group 3 (β = –5.14 [95% CI 
–7.58, –2.70] and β = –0.61 [95% CI –1.05, –0.17], respectively), 

and worse PtGA in group 2 (β = 11.76 [95% CI 3.72, 19.80]).

A higher number of painful IP joints and IP joints affected by 
radiographic OA were associated with worse hand strength and 
function in unadjusted analysis (Table  4) (statistically significant 
for all associations except for tip-pinch strength and the number 
of IP joints affected by radiographic OA). However, in adjusted 
analysis, only the association between increasing number of pain-
ful IP joints and worse hand function was statistically significant  
(1–5 joints β = 1.99 [95% CI 0.41, 3.58] and 6–9 joints β = 2.53 

[95% CI 0.36, 4.69], compared to no symptomatic IP joint).

DISCUSSION

In this study, we aimed to investigate potential differences in 
clinical outcomes, particularly hand strength and function, in indi-
viduals with symptomatic thumb base OA with and without coex-
istent IP joint pain and radiographic evidence of erosive OA. We 
found that individuals with isolated involvement of the thumb base 
joint had less severe impairment in hand function and strength 

Table 2.  Comparison of baseline characteristics and clinical outcomes between the 3 groups*

Group 1,  
isolated thumb 

base OA 
(n = 126)

Group 2, thumb base 
OA plus symptomatic 
IP joint (nonerosive) 

(n = 35)

Group 3, thumb 
base OA plus 

erosive OA 
(n = 43) P†

Age, years 64 ± 10 64 ± 7 66 ± 13 0.342
Female sex, no. (%) 88 (69.8) 29 (82.9) 38 (88.4) 0.028‡
BMI, kg/m2 27.9 ± 5.9 30.0 ± 8.3 29.6 ± 6.3 0.135
Thumb base K/L grade, no. (%) 0.010

2 59 (46.8) 18 (51.4) 11 (25.6)
3 50 (39.7) 13 (37.1) 17 (39.5)
4 17 (13.5) 4 (11.4) 15 (34.9)

Function (FIHOA score) (range 0–30) 9.8 ± 3.5 11.9 ± 4.4 11.9 ± 4.1 0.001‡
Grip strength, kg 23.5 ± 9.7 19.6 ± 7.2 15.6 ± 7.0 <0.001‡
Tip-pinch strength, kg 3.4 ± 1.3 3.3 ± 1.3 2.6 ± 1.1 0.002‡
Thumb base pain (range 0–100) 56.4 ± 13.5 60.3 ± 15.1 59.7 ± 12.1 0.182
Patient global assessment (range 0–100) 35.8 ± 22.1 47.7 ± 21.2 43.3 ± 18.7 0.006‡

* Values are the mean ± SD unless indicated otherwise. OA = osteoarthritis; IP = interphalangeal; BMI = body mass index; K/L =  
Kellgren/Lawrence (grade); FIHOA = Functional Index for Hand Osteoarthritis. 
† All 3 groups. 
‡ Significant. 

Table 3.  Association between hand osteoarthritis (OA) group and clinical outcomes*

Outcome

Unadjusted Adjusted†

Thumb base  
OA plus 

symptomatic  
IP joint 

(nonerosive) P
Thumb base OA 
plus erosive OA P

Thumb base 
OA plus 

symptomatic  
IP joint 

(nonerosive) P
Thumb base OA 
plus erosive OA P

Function (FIHOA score) 2.13 (0.67, 3.58) 0.004‡ 2.12 (0.77, 3.47) 0.002‡ 1.82 (0.36, 3.28) 0.015‡ 1.47 (0.74, 2.88) 0.039‡
Grip strength –3.92 (–7.25, –0.60) 0.021‡ –7.90 (–10.98, –4.83) <0.001‡ –2.13 (-4.67, 0.40) 0.099 –5.14 (–7.58, –2.70) <0.001‡
Tip-pinch strength –0.15 (–0.63, 0.32) 0.525 –0.79 (–1.24, –0.34) 0.001‡ –0.05 (–0.50, 0.40) 0.828 –0.61 (–1.05, –0.17) 0.006‡
Thumb base pain 3.90 (–1.21, 9.01) 0.134 3.37 (–1.35, 8.10) 0.160 3.20 (–2.00, 8.40) 0.226 2.14 (–2.85, 7.15) 0.398
PtGA 1.88 (3.84, 19.91) 0.004‡ 7.53 (0.11, 14.96) 0.047‡ 11.76 (3.72, 19.80) 0.004‡ 7.27 (–0.45, 15.00) 0.065

* Values are the beta coefficient (95% confidence interval) unless indicated otherwise. IP = interphalangeal; FIHOA = Functional Index for Hand 
Osteoarthritis; PtGA = patient global assessment. 
† Adjusted for age, sex, body mass index, and radiographic thumb base OA severity. 
‡ Significant. 
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and considered themselves overall less affected by the thumb 
base condition compared to their counterparts with concomitant 
IP joint pain and radiographic erosions. The significant differences 
in hand function, assessed by the FIHOA questionnaire, remained 
despite adjustment for confounders. Similarly, the presence of 
erosive OA was independently associated with decreased hand 
strength in this population.

Personalized hand OA treatment according to factors 
such as OA location (e.g., IP versus thumb base) has been 
promoted due to the heterogeneity in risk factors and clinical 
presentation between hand OA phenotypes (e.g., joint laxity 
as a risk factor for thumb base OA [19] and a more promi-
nent inflammatory component and more severe clinical burden 
in erosive OA [20]). Accordingly, most thumb base OA trials 
investigate treatments targeting this joint specifically and often 
utilize, at least in part, available outcome measures that are not 
thumb base specific. We propose that the co-occurrence of IP 
joint pain and erosive OA may be important factors for patient 
stratification in thumb base OA trials due to their significant 
association with important outcome measures in hand OA tri-
als. In clinical practice, clinicians often modify the treatment in 
patients with both thumb base and IP joint pain, for example, 

by designing supports that address both joints and modifying 
the exercise program accordingly.

Differences in clinical manifestations between hand OA phe-
notypes have been previously investigated, and no difference in 
disability was encountered when the thumb base or the IP joints 
were the most symptomatic joints (21). In addition, Marshall et al 
(8) have shown that individuals with concomitant radiographic 
thumb base and IP OA displayed worse hand function com-
pared to those with isolated IP or thumb base involvement on 
radiograph. However, contrary to our findings, when clinical data 
were used, no significant difference was found in hand pain and 
function, as assessed by the Australian Canadian Osteoarthritis 
Hand Index questionnaire (22), between individuals with isolated 
symptomatic thumb base OA and those with concomitant IP 
joint pain (10). An important limitation of the latter study was the 
small number of individuals with isolated thumb base OA (n = 20), 
which may have limited the analysis. Other studies have shown 
that among the 3 phenotypes, the erosive type is associated with 
the greatest overall clinical burden (1,7).

The first CMC joint (i.e., thumb base joint) has unique structural 
and shape characteristics to permit wide movement of the thumb 
in multiple planes. Hand activities, particularly those involving  

Table  4.  Effect of the number of painful interphalangeal (IP) joints and the number of IP joints affected by radiographic 
osteoarthritis (OA) on hand strength and function in individuals with thumb base OA*

Unadjusted Adjusted†

β (95% CI) P β (95% CI) P
Function (FIHOA score)

Number of IP joints affected by ROA‡
0 (ref.)
1–5 0.99 (–0.29, 2.28) 0.130 0.47 (–0.82, 1.77) 0.470
6–9 2.13 (0.53, 3.74) 0.009§ 0.84 (–0.98, 2.67) 0.363

Number of symptomatic IP joints
0 (ref.)
1–5 2.40 (1.04, 3.77) 0.001§ 1.99 (0.41, 3.58) 0.014§
6–9 2.96 (1.07, 4.85) 0.002§ 2.53 (0.36, 4.69) 0.022§

Grip strength
Number of IP joints affected by ROA

0 (ref.)
1–5 –2.63 (–5.60, 0.29) 0.081 –0.50 (–2.75, 1.74) 0.658
6–9 –7.19 (–10.88, –3.50) <0.001§ –1.53 (–4.69, 1.62) 0.339

Number of symptomatic IP joints
0 (ref.)
1–5 –4.33 (–7.56, –1.11) 0.009§ –0.13 (–2.78, 2.75) 0.993
6–9 –7.37 (–11.84, –2.91) 0.001§ –3.71 (–7.50, 0.06) 0.054

Tip-pinch strength
Number of IP joints affected by ROA

0 (ref.)
1–5 0.05 (–0.36, 0.48) 0.792 0.22 (–0.17, 0.63) 0.268
6–9 –0.48 (–1.01, 0.42) 0.071 0.03 (–0.53, 0.60) 0.897

Number of symptomatic IP joints
0 (ref.)
1–5 –0.12 (–0.58, 0.33) 0.590 0.31 (–0.18, 0.81) 0.211
6–9 –0.92 (–1.55, –0.28) 0.005§ –0.49 (–1.17, 0.18) 0.154

* 95% CI = 95% confidence interval; FIHOA = Functional Index for Hand Osteoarthritis; ref. = reference; ROA = radiographic OA. 
† Adjusted for age, sex, body mass index, hand OA group, and Kellgren/Lawrence (K/L) grade at the first carpometacarpal joint. 
‡ K/L grade ≥2. 
§ Significant. 
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strong pinching and grasping, cause an increase in the forces 
across the first CMC joint (23,24), which is substantially greater 
compared to the forces across IP joints during the same task (24). 
As yet, widely used tools for the assessment of treatment effects to 
conservative therapies in thumb base OA are generally not condi-
tion specific. Such tools have been developed and tested to assess 
outcome following hand surgery in order to better detect variations 
related to treatment while considering the common coexistence 
of other hand conditions in the same individual (25). Furthermore, 
efforts are currently underway to develop new classification criteria 
for hand OA distinguishing thumb base OA from IP OA in order to 
reduce heterogeneity in clinical trials. We found a significant impact 
of IP joint pain and erosive OA on clinical outcomes in thumb base 
OA, suggesting that tools specific for the thumb base condition or 
improved patient stratification may be needed in future trials.

There are a few potential limitations in our study. First, this is 
an observational study and, therefore, we cannot confirm if there 
are implications of the different groups for treatment response. 
Second, we did not collect data on pain in the first metacar-
pophalangeal joint, which is also commonly involved in individuals 
with thumb base OA. Finally, we used the FIHOA tool to assess 
self-reported hand function based on the available evidence and 
recommendations for hand OA trials when the COMBO trial was 
designed (12,26). However, the FIHOA tool contains items con-
sidered outdated at the present, and other tools may be more 
appropriate for use in future hand OA studies.

In conclusion, concomitant involvement of the IP joints is 
common in individuals with thumb base OA and is independently 
associated with worse clinical outcomes except for thumb base 
pain. These findings suggest that patient stratification based on 
these characteristics may improve the design of future thumb 
base OA trials. Future research should examine whether these 
characteristics influence treatment response in individuals receiv-
ing treatment targeted to the thumb base joint.
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Potential Role of Cost and Quality of Life in Treatment 
Decisions for Arthritis-Related Knee Pain in African 
American and Latina Women
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Objective. The present study was undertaken to investigate whether Latina and African American women with 
arthritis-related knee pain and primary care providers who treat them believe their treatment decisions would benefit 
from having more information about the impact of treatment on their quality of life, medical care costs, and work 
productivity.

Methods. We conducted 4 focus groups of Latina and African American women over age 45 years who had 
knee pain. We also conducted 2 focus groups with primary care providers who treated Latina and African American 
women for knee pain. The participants were recruited from the community. They were asked their opinions about a 
decision tool that presented information on a range of treatment options and their impacts on quality of life, medical 
care costs, and work productivity. They were asked whether providing this information would help them make better 
treatment decisions. We analyzed the focus group transcripts using ATLAS.ti.

Results. We found that minority women and primary care providers endorsed the use of a decision-making tool that 
provided information of the impact of treatment on quality of life, medical care costs, and work productivity. Providers 
felt that patients would benefit from having the additional information but were concerned about its complexity and 
some patients’ ability to comprehend the information.

Conclusion. Latina and African American women could make more informed treatment decisions for their knee 
pain using a decision-making tool that provides them with significant information about how various treatment options 
may impact their quality of life, medical care costs, and workforce productivity.

INTRODUCTION

According to the National Health Interview Survey, an esti-
mated 14 million individuals in the US have symptomatic knee 
osteoarthritis (OA), including >3 million racial/ethnic minorities (1,2). 
Knee OA presents as a range of clinical manifestations, from mild 
knee pain causing minimal impairment to severe pain and disability 
(3). Furthermore, women who are obese are at an increased risk 
of experiencing knee OA, and this particular comorbid condition 
can lead to other burdensome or complicating comorbidities such 
as heart disease or diabetes mellitus (4). Individuals who develop 
knee OA often find themselves in this cycle: limited mobility leads 
to weight gain, which leads to increased pain in the joints, which 

further limits patients’ mobility (5–10). In addition to physiologic 
risk factors, prior research has found that minority women, spe-
cifically Latina and African American women, are disproportion-
ately more likely to lose quality-adjusted life years due to knee pain 
and/or OA (4).

As obesity rates continue to rise in the US (11), it is imperative 
to understand the potential costs and health outcomes that result 
from knee OA and associated comorbidities. In 2010, total costs 
related to pain ranged from $560 to $635 billion, which includes 
$261 and $300 billion for health care and $299 to $335 billion for 
lost worker productivity (12).

A substantial portion of these costs is due to arthritis and joint 
pain (13). Direct health care costs of commercially insured patients 
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diagnosed with OA were more than double the costs of matched 
controls without OA (13). Annual out-of-pocket expenditures 
have been shown to increase significantly once OA is diagnosed 
(14). Direct noninpatient costs the year immediately prior to sur-
gery might be saved by more effective treatment choices (15,16). 
Clinical guidelines for knee OA recommend nonpharmacologic 
first-line management, which should include weight loss, healthy 
eating habits, physical activity, self-management of pain, informa-
tion/education, and orthosis (17).

By equipping patients with the right tools to make 
informed decisions, we can motivate the use of high-value, 
cost-effective treatment options. A shared decision-making 
tool that can facilitate a discussion between the patient and 
provider can help limit unnecessary expenditures, lead to 
better outcomes, improve communication, and help address 
disparities. We previously used a Markov model to compare 
lifetime costs and quantify disparities in treatment across dif-
ferent subpopulations of knee OA patients and found that 
all stakeholders should consider the costs associated with 
delaying or forgoing therapy (16). We developed a decision-
making tool to provide patients with information that they may 
not otherwise receive during their physician visit. Several 
components of our tool set it apart from those discussed in 
the current literature (3,18–21): it incorporates and compares 
several treatment options; it adjusts for patient demographics 
and comorbidities; and, most importantly, it includes a cost 
component that highlights the effects of knee OA in a patient’s 
daily life. Cost information is rarely discussed during a patient–
physician visit.

Given that delaying or forgoing therapy was found to be 
especially costly for minority populations (16), we aimed to 
understand the potential benefits of a decision-making tool 
that translates health economic data into patient-friendly infor-
mation. Our goal was to capture provider and minority patient 
perceptions of the value of these key pieces of information 
during the patient–physician interaction and identify potential 
tool improvements to facilitate its role in the decision-making 
process.

PATIENTS AND METHODS

Six focus groups were conducted between September 2015 
and May 2017. Women were eligible for the study if they had knee 
pain for >3 months and were age 45 years or older. The Latina 
focus groups were conducted in Spanish and the African Amer-
ican focus groups were conducted in English. Two focus groups 
were conducted in English with Maryland health care providers 
who treat minority women with knee pain. Focus group sessions 
were tape recorded and transcribed by a professional transcription 
company. All focus group participants completed a demographic 
questionnaire prior to the focus group discussion. Patient partici-
pants received lunch and a $25 gift card, and providers received 
dinner from a restaurant in Baltimore. The Latina focus groups 
were held in meeting rooms at a Latino community-based organi-
zation and a community health clinic. The African American focus 
groups were conducted at a meeting room in a Baltimore hotel. 
The provider focus groups were held in a closed meeting room 
in a restaurant. This study was approved by the Johns Hopkins 
Bloomberg School of Public Health Institutional Review Board.

Study sample. Patient participants. African American 
women were recruited by placing an ad in the Baltimore Sun 
and the Baltimore Afro-American, a local newspaper read by 
a predominantly African American audience. We attempted to  
recruit Latina women through the Baltimore Sun and The Latin  
Opinion, a local newspaper read by a predominantly Latino  
audience; however, no one replied. Also, efforts in Baltimore to  
recruit participants through ads in Spanish-language news
papers, distributing fliers in local Spanish-speaking congrega-
tions, and distributing fliers in the downtown section of the Latino  
community were unsuccessful. Therefore, we recruited Latina 
women for the first Latina focus group by referral from a primary 
care provider in Montgomery County, Maryland. Participants in 
the second Latina focus group were recruited by placing fliers  
in a community health center in Northern Virginia.

Most of the African American women had some college edu-
cation, were retired, and had insurance, while most of the Latina 
women in the study sample had a high school education or less, 
were working or unemployed, and one-half of them had insur-
ance. Most of the African American women had been told by a 
doctor that they had some form of arthritis, compared to less than 
one-half of the Latina participants. Demographic and health char-

acteristics for both groups can be found in Table 1.
Provider participants. Two different sampling methods were 

used to recruit providers in Maryland. They were recruited inde-
pendently from the patient participants. Convenience sampling 
was conducted by sending fliers to Johns Hopkins Communi-
ty Physicians and placing advertisements in the newsletter for 
the Nurse Practitioner Association of Maryland. Snowball sam-
pling was also used to reach health care providers in Baltimore, 
Maryland. Participants in the provider focus group included 3 

SIGNIFICANCE & INNOVATIONS
•	 Latina and African American women with knee 

pain want their health providers to give them more  
information about treatment options.

•	 Health providers who treat Latina and African 
American women suggested that a class or tutorial  
about various treatment options for knee pain 
might be beneficial for them.

•	 Providing Latina and African American women  
information about quality of life and nonmedi-
cal cost implications of conservative to aggressive 
treatment options can help them make better 
treatment decisions.
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internists, 2 family practitioners, 1 physician assistant, 1 ortho-
pedic surgeon, and 7 nurse practitioners. All but 1 reported that 
they serve Latina or African American women in their practice. 
The providers had been practicing medicine from 18 months to 
30 years.

Focus group guides. Patients. The participants were 
asked a series of questions about their knee pain, the types of 
health care professionals they had seen for their pain, prescrip-
tion medication usage, and what they had done as their knee 
pain worsened. We asked about the impact of knee pain on their 
daily lives, i.e., their ability to work, do household chores, engage 
in self-care, and participate in recreational activities. We present-
ed the decision tool inputs and outputs to the participants (see 
Supplementary Appendix A,  available on the Arthritis Care & 
Research web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23903/​abstract). The decision tool shows a menu of 11 in-
dividual treatments and potential treatment pathways. The tool 
provides information about estimated quality of life improve-
ment, treatment costs, and productivity loss associated with 3 
different treatment pathways. The patient focus group guide and 
tool were developed in English and translated into Spanish and 
back translated to ensure the consistency across the 2 groups 
of women.

Providers. Health care providers were queried about the 
patients they see who experience knee pain, how common  
severe knee pain was among their patients, how they treated 
these patients, and at what point they referred their patients to 
a specialist. We explained each section of the decision tool and 
asked if and how they would use this information to discuss 
treatment options with their patients.

The decision tool. We highlighted the tool inputs, which  
include demographic details, health and health insurance infor-
mation, and treatment options, and reviewed tool outputs, which 
include total cost of treatment, out-of-pocket expenses, pain 
level, quality of life, and lost income.

Data analysis. Interview transcriptions were deidentified 
and verified for accuracy. Using a deductive approach, each ques-
tion from the focus group guide was translated into a series of pre-
determined codes designed to compare and contrast responses 
from participants. General questions (e.g., seeing a professional 
about their knee pain or not) were categorized as “yes” or “no.” 
Probing questions that were meant to obtain more detail (e.g., a 
professional’s treatment for pain) were initially coded as responses 
that addressed their respective topics, which was used to gen-
erate a thematic report. Using this report, each probing ques-
tion was analyzed individually for commonalities that supported 

Table  1.  Demographic and health characteristics for African American and Latina focus 
group participants*

Characteristic

African American 
women 
(n = 9)

Latina 
women 
(n = 12)

Last time you had pain, how much pain did you have?
A lot 3 (33.3) 4 (33.3)
Moderate 4 (44.4) 4 (33.3)
A little 4 (33.3)
Missing (did not answer question) 2 (22.2)

Education level
Completed 8th grade or less 5 (41.7)
Completed 9th–11th grade 2 (16.7)
Completed 12th grade 2 (22.2) 2 (16.7)
Completed some college 3 (33.3) 1 (8.3)
Received a bachelor’s degree 3 (22.2) 2 (16.7)
Received a master’s degree 1 (11.1)
Doctoral or professional degree 1 (11.1)

Work status
Employed full time 1 (8.3)
Employed part time 4 (33.3)
Illness or sick leave 1 (8.3)
Unemployed 3 (25.0)
Permanently disabled 1(11.1) 1 (8.3)
Retired 8 (88.9) 1 (8.3)

Covered by any health insurance 9 (100.0) 6 (50.0)
Have you ever been diagnosed with some form of 

arthritis, RA, gout, lupus, or fibromyalgia?
8 (88.9) 5 (41.7)

Have you ever been diagnosed with hypertension? 7 (77.8) 6 (50.0)
Have you ever been diagnosed with diabetes mellitus? 5 (55.6) 11 (91.7)
Have you ever been diagnosed with obesity? 7 (77.8) 6 (50.0)

* Values are the number (%). RA = rheumatoid arthritis.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23903/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23903/abstract
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final categorization. An initial coder coded each transcript, which 
was subsequently reviewed by a second coder. If there were 
any discrepancies, a third coder would provide a final review. 
An experienced qualitative researcher (ET) participated in code-
book development, piloting, and analysis. Before the codebook 
was applied, it was piloted twice. The transcripts were analyzed 
using ATLAS.ti qualitative software to apply the constant compar-
ative method (22). Specifically, each question was analyzed indi-
vidually for commonalities that allowed for categorization based 
on the codebook. These categories were examined for common 
themes.

RESULTS

Patient experiences of pain. For most African American  
participants, pain began slowly and gradually worsened over the 
course of years; for a few, however, it happened quickly due to 
an activity or accident. Several Latina participants described hav-
ing moderate-to-severe knee pain that lasted for years and wors-
ened depending on their activities, while 4 Latina participants 
described having mild pain. Women from both groups found them-
selves unable to do everyday activities such as walking or climb-
ing up and down flights of stairs. One African American woman 
stated, “I find that I don’t use the stairs nearly as much as I used to. 
Even if it’s just going a flight up I’ll hop on the elevator, obviously, if 
there’s an elevator there.” Standing for long periods of time proved 
to be difficult for participants whose jobs required them to do so.

Family played a significant role in the women’s concern about 
knee pain. Participants in the Latina focus group described how 
important it was to be able to spend time with their families and 
not have to constantly worry about treating their knee pain. One 
participant reported, “For me, being with my granddaughters. 
Being with my family, my husband, my children, and my grand-
children. For me that is important.”

For some African American participants, knee pain had an 
effect on their family members, as they described how they were 
unable to keep up with family members and often relied on them 
for different types of support, including financial assistance. One 
participant did not want to strain her family: “Well, I have insur-
ance that I know will pay, and then my children if I got sick they’ll 
pay, but I don’t want them to pay because they all have their own 
families. And I’ve suffered with it this long so I don’t want to take 
anything from them.”

Seeking treatment for knee pain. All participants dis-
cussed their pain with a health care provider and were typically 
referred to an orthopedic specialist. Providers of African American 
participants did diagnostic procedures, administered cortisone 
shots, provided prescriptions, and often recommended surgery. In 
order to alleviate pain outside the clinical setting, African American 
participants discussed using heating pads, knee braces, medica-
tion, and ice. These techniques alleviated enough pain for some 

participants, while others either decided to have surgery or dealt 
with their pain. Participants who opposed surgery were vehe-
mently against any type of what they called “cutting.”

In order to alleviate pain, Latina participants described tak-
ing medications, using sprays, and elevating their legs or sleep-
ing with a pillow between them. Latina participants were typically 
referred to an orthopedist who obtained radiographs, provided 
cortisone shots, physical therapy, and referred them to surgery, 
if necessary. Most Latina participants mentioned a lack of infor-
mation from providers. If pain continued to worsen, participants 
discussed additional diagnostic testing and surgical options.

Patient considerations of cost of care. When asked to 
discuss cost of care information, 2 African American participants 
said it would be very helpful for someone who did not have insur-
ance or had limited income. While pain levels and conversations 
with their providers primarily drove their decisions, participants did 
see value in having information about cost and quality of life and 
described the information as beneficial. One participant noted that 
while she chose to treat her pain aggressively, other patients may 
want a more measured approach: “You know, when you see this,  if 
this had been presented to me as a patient early on, I probably 
would have still followed the same path of treatment there because 
I was very aggressive in trying to make sure. But I think if I had been 
a person who had been a little scared of surgery or something like 
that, seeing something like this and charts like this would have 
helped me with my decision-making to realize that in the long run, 
I’m going to pay with days missed from work, dollars to dollars.”

Latina participants found the information to be helpful and 
described it as an opportunity to learn: “I like it because you can 
learn. It makes you think of what can be done because with this 
condition… Having someone explain it to you, what you can do… 
Having this condition, arthritis, the doctor says that it won’t go 
away, that it is for life, there is no improvement.”

Some participants found the cost information to be confusing 
because the estimates seemed too low, noting that costs in the 
real world would likely be much higher. The tool was still seen as 
useful, however, as participants understood that the information 
was an example. One participant commented: “I agree that this 
does not reflect the numbers that we are paying for medical, espe-
cially when we don’t have assistance to health insurance. We pay 
a lot for medicines and visits to the doctor and all that. But I think 
that what you have tried to do is to give us an idea of what more 
or less they are trying to say. I think that it would be important to 
increase the costs a little or the numbers that are on this table.”

The impact of knee pain on work. Participants acknow
ledged that knee pain affects their ability to work. One participant 
indicated that her knee pain caused her to retire early: “I retired 
from the state of Maryland. I was a nurse, LPN. And I worked 
in rehab because of my knees. And I said, I came out on early 
retirement because I didn’t want to come out using a cane being 
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unable to move or function.” Another worried about how knee 
pain impacted her ability to work and earn a living: “But the prob-
lem I have is, if I do not work, who will pay my bills? I pay $1,300 
for my apartment, together with my brother. There is 2 of us. My 
part is $645. I pay my car, which is $500, and insurance and all 
that. And if I do not work… even if I have to drag my little leg, I’m 
going to work! Where am I going to [get] income for my house-
hold? And my medicines that are expensive!”

Treatment of knee pain by providers. There was var-
iation in the frequency with which providers treated patients with 
knee pain, ranging from 10% to “very common.” Providers dis-
cussed using scales to assess pain and activity levels, although 
descriptive assessments were also used, as patients may be able 
to relate more to an example than a number. In order to treat knee 
pain, providers described over-the-counter and prescription pain-
killers, physical therapy, and nonsteroidal antiinflammatory drugs. 
Referring a patient to an orthopedic surgeon was described as 
the last step.

Utility of the decision tool for providers. Some pro-
viders needed clarification as to whether higher or lower numbers 
represented better or worse pain and activity levels. Regarding 
usability of the tool with patients, providers discussed how it 
could provide valuable information to help patients make short- 
and long-term treatment decisions. Lifetime costs of different 
treatments, potential lost income, and quality of life were seen as 
particularly useful information.

Providers indicated that the tool might cause confusion 
between clinicians and patients because patients may not under-
stand the complex information during a brief provider visit. Phy-
sicians explained that they ignore cost when deciding what the 
next steps for a patient might be: “But just to say that we have 
excellent access, so I wouldn’t not order [magnetic resonance 
imaging] because of cost, and I wouldn’t not refer for [physical 
therapy] because of cost, just because of the way our clinic is 
set up, which I know is unusual for patients who don’t have  
insurance.”

Provider suggestions for the decision tool. Providers  
suggested that the information be simplified and offered to 
patients during a class before a clinical visit. Providers agreed that 
patients would benefit from information about quality-adjusted 
additional years of life and lifetime cost but suggested simplifying 
the terms.

Influence of comorbidities. All but 1 of the African 
American participants and all the Latina participants had at least 
1 of the following 3 comorbidities: hypertension, diabetes mel-
litus, or obesity/overweight (Table 1). One primary care provider 
explained that his priority would be to treat hypertension and treat-
ing knee pain might be an “afterthought.”

DISCUSSION

Knee pain is an early harbinger of OA (23). Although the 
pathogenesis of knee OA is not clearly established, different inter-
ventions have been shown to be effective in interrupting the nat-
ural history of this disease (23–25). Best practices recommend 
nonsurgical management of knee OA, including biomechanical 
interventions, weight loss, healthy eating habits, physical activity, 
strength training, intraarticular corticosteroids, self-management 
of pain, education, and orthoses (17). The effectiveness of these 
treatment modalities hinges on the engagement and compliance 
of the patient with their own treatment. Shared decision-making is 
a first step in this engagement (26–31). This communication can be 
enhanced with the use of a shared decision-making tool (18–21).  
Our goal is to develop a shared decision-making tool for knee 
OA that provides a list of treatment alternatives, is interactive by 
allowing the information to be personalized to the specific patient, 
and includes comparative outcome measures of pain, function, 
and financial impact of lost productivity.

Latina and African American women who have been treated 
for knee pain and health care providers who serve them indicate 
that information regarding cost of treatment, productivity loss 
associated with different treatment options, and health outcomes 
would inform their treatment decisions. The women involved in 
our focus groups expressed a variety of factors that they would 
take into account when making decisions about treatment, such 
as pain, the ability to participate in daily activities, the burden on 
family members, and cost of care. While many of these women 
sought help for their varying levels of knee pain, lack of know
ledge and information likely played a large role in their treatment 
decisions. Notably, Latina women reported a lack of information 
provided to them. Patients, providers, and health purchasers rec-
ognize that there is a role for decision and communication aides in 
orthopedic practice (27,28). Shared decision-making can improve 
patients’ satisfaction with the care they receive (32).

Many women expressed support for the decision tool in that 
it provided them with greater knowledge, noting that it was nice 
to see all the treatment options available. Both African American 
and Latina women felt that the information was beneficial by pro-
viding more transparency about economic feasibility. Providers 
indicated that the decision-making tool would be useful for their 
patients in making both short- and long-term decisions, particu-
larly the information about lifetime costs, potential lost income, 
and quality of life. While some patients and providers discussed 
the complexity of the cost information, the different groups indi-
cated overall that it would be valuable information.

An important strength of this study includes the active 
engagement of patients in the development of a decision-making 
tool. Specifically, by seeking the input of the intended audience, 
it informed translation of traditional health economic output to 
patient-friendly information. Additionally, we learned that patients 
would find the financial implications of their treatment decisions 
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helpful. Further, the providers offered insight into how they care for 
these particular patient groups given unique clinical challenges. 
The information provided to patients included results from a pre-
viously developed Markov model based on economic and epide-
miologic studies in the literature. While the tool does not provide 
an exact prediction of any single patient experience, it shows 
the most likely statistical outcome across similar populations.

Some limitations to our study should be considered when 
interpreting the results. The women who participated in our focus 
groups were primarily from the Baltimore–Washington metropol-
itan area and may not be representative of the views of Latina 
and African American and women across the US. Given geo-
graphic variation in access to and delivery of health care, these 
differences may be enhanced. Further, the African American par-
ticipants were older than the Latina women that participated in 
our focus groups. While we recognize this and other differences 
between the 2 patient groups and the providers that care for them, 
our intent was not to conduct a comparison of these groups but 
to understand patient perspective for both underserved patient 
populations. Certain health economic outputs, when presented 
in patient-friendly terms, are helpful and should be provided for 
patient-centered, shared decision-making. Despite these limita-
tions, our qualitative approach to this study allowed us to capture 
the patient experiences and preferences in a way that other quan-
titative methods would not provide.

In conclusion, the increased complexity of chronic conditions 
combined with a debilitating disease such as knee OA neces-
sitates increased patient engagement and, at a minimum, that 
they understand that the health care choices they make today, 
or delay making, will impact their health and productivity. Further, 
since the disease presents more frequently in minority women, 
it is imperative that the clinical community provide a tool that 
supports a robust conversation between provider and patient to 
optimize treatment. The model-based decision-making tool we 
presented during our focus group sessions has the potential to 
provide useful information about the effects on quality of life and 
the value of various knee pain treatments. The key to effective 
communication will be translating the terminology and information 
into clear, relatable terms and illustrations. Our findings demon-
strate that there are multiple factors that contribute to a wom-
an’s decision to pursue a specific type of treatment for her knee 
pain, including the ability to do daily activities. In terms of costs, 
patients were intrigued by the concept of lost productivity and lost 
income. The patients from these focus groups had insurance cov-
erage and referred to that frequently, so direct medical costs were 
not an evident concern in the discussion. Although cost is just 1 
of many factors to consider when determining a treatment plan, 
our discussions with both patients and physicians demonstrate 
that patients can make more informed decisions with information 
about the estimated costs of care and potential effects on pro-
ductivity. With the innovative Markov-based decision-making tool, 
older African American and Latina women can be empowered 

with integral information to make important decisions about their 
knee pain care.
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Determinants of Positive Temporal Artery Biopsies in the 
Veterans Health Administration National Database Cohort
Sarah H. Chung,1  Meredith B. Morcos,1 and Bernard Ng2

Objective. This study sought to determine the effect of temporal artery biopsy (TAB) postfixation length, laterality, 
age, and prior prednisone exposure on TAB positivity utilizing the Veterans Health Administration national database.

Methods. Subjects with procedure code for TAB between 1999 and 2017 were queried, and pathology reports 
were reviewed manually. Demographic, laboratory, and prescription data were extracted. Multivariate analyses and 
logistic regression were run using Stata, version 13.0.

Results. A total of 3,057 pathology reports were reviewed; 306 biopsies (10%) were designated positive. The 
likelihood of a positive TAB significantly correlated with TAB postfixation length of >3.0 cm (odds ratio [OR] 1.58 [95% 
confidence interval (95% CI) 1.06, 2.36], P < 0.05) as well as with bilateral biopsy in 1 sitting (OR 1.83 [95% CI 1.29, 
2.59], P < 0.01). Positive TAB also significantly correlated with age >71 years. Prednisone administration up to and 
beyond 42 days prior to TAB did not influence TAB result.

Conclusion. This retrospective study examined predictors of TAB positivity and utilized national data collected on 
US veterans over the span of 18 years. The results suggest consideration of pursuing initial bilateral TAB or achieving 
a TAB postfixation length of at least 3 cm to improve yield. The results also agree with prior studies showing that pre-
TAB steroid exposure does not appear to affect yield even up to and beyond 42 days prior to biopsy.

INTRODUCTION

The diagnosis of giant cell arteritis (GCA), a granuloma-
tous large-vessel vasculitis, is often still elusive even with 
improved understanding of its pathophysiology and advance-
ments in treatment approaches. Temporal artery biopsy (TAB) 
remains the gold-standard diagnostic tool despite its poor 
sensitivity due to skip inflammatory lesions inherent to the dis-
ease (1,21). Regardless of the longstanding practice of obtain-
ing a TAB to achieve this diagnosis, there is still no definitive 
consensus regarding the specific issue of optimal TAB length 
that should be obtained by surgeons. A 1994 study by Achkar 
et al described the standardized approach at the Mayo Clinic, 
where the practice was to pursue a specimen of 3–4 cm. If the 
specimen was negative on frozen sections at multiple levels, 
then surgeons pursued biopsy of the contralateral vessel (2). 
Using this method, positive TAB results were found in 33% 
of referred patients, a higher yield than that of subsequent 
reported studies (see Supplementary Table 1, available on the 
Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.
com/doi/10.1002/acr.23897/​abstract). In real-life practice, 

however, this level of yield is rarely achieved, likely due to the 
heterogeneity among institutions regarding which specialty 
performs these procedures. Length of specimen determined 
by the surgeon is a decision influenced by multiple factors, 
including patient preference, surgeon experience, intraoper-
ative issues, guidance from the referring provider, and more 
(3–6). Furthermore, since the Mayo Clinic publication (2), there 
have been numerous subsequent retrospective studies that 
negate the “bigger is better” concept, but these studies have 
been limited by small sample sizes and narrow practice set-
tings (see Supplementary Table 1).

Another area of historic concern regarding the diagnostic yield 
of TAB has been pre-TAB exposure to glucocorticoids. High-dose 
glucocorticoids are often promptly initiated when GCA is clinically 
suspected, before a TAB sample is obtained, to avoid ischemic 
complications, which are the largest source of morbidity and mor-
tality in this condition. The majority of studies have found that pre-
TAB glucocorticoid exposure does not decrease yield; however, 
there is still disagreement with regard to the length of treatment, 
which may affect the results of biopsy (7–9). This is of particular 
importance because the use of diagnostic ultrasound has become 
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more widespread yet is limited by the brisk disappearance of the 
halo sign and other characteristic findings soon after initiation of 
steroids (10).

Currently, there are no published recommendations from the 
American College of Rheumatology regarding optimal TAB length. 
The 2009 European League Against Rheumatism (EULAR) and 
2010 British Society for Rheumatology/British Health Professionals 
in Rheumatology guidelines on GCA management suggest pursu-
ing a TAB length of at least 1 cm (11,12). The EULAR guidelines 
further provide a grade C recommendation against bilateral bio
psies, citing that this may not add significantly to diagnostic yield 
and additionally commenting that the TAB should not be delayed 
beyond 1–2 weeks of commencing glucocorticoid therapy.

This study aimed to examine objective predictors of TAB pos-
itivity among US veterans, an elderly and largely male population, 
using a national database collecting pathology reports, labora-
tory data, and prescription information over the span of 18 years. 
Specifically, this study sought to determine the association of TAB 
positivity with postfixation TAB length, laterality of biopsy, age, and 
prior prednisone exposure.

MATERIALS AND METHODS

Subjects and data collection. This study was approved 
by the Veterans Health Administration (VHA) and the University 
of Washington institutional review boards. Subjects with a pro-
cedure code for TAB between 1999 and 2017 were queried 
through the VHA national database. TAB pathology reports were 
reviewed manually and designated positive or negative based on 
the pathologist’s description of findings. Interrater reliability was 
calculated from a blinded, 2-researcher manual calculation using 
a random sample of 50 cases and had near perfect agreement, 
determined using Cohen’s kappa statistics (agreement regarding 
TAB final diagnosis κ = 0.8169; agreement regarding TAB length  
κ = 0.934). The following data were extracted for multivariate analy
sis: 1) postfixation TAB length, 2) laterality, 3) whether bilateral TAB 
was performed in 1 sitting, 4) age at TAB, 5) sex, 6) self-reported 
ethnicity. Postfixation TAB length categories were organized as 
follows: 1) <10 mm, 2) 10 to <15 mm, 3) 15 to <20 mm, 4) 20 to 

<25 mm, 5) 25 to <30 mm, 6) ≥30 mm. Additionally, if available, 
prescription data regarding oral prednisone were collected for 
each subject, including dispense date, mg dispensed, and pre-
scription directions for patients. Data on other forms of gluco-
corticoids were not extracted for this study. The total prednisone 
dosage prior to the TAB date was calculated using a generated 
algorithm validated against results from a blinded, 2-researcher 
manual calculation using a random sample of 50 cases. Interrater 
reliability had near perfect agreement, determined using Cohen’s 
kappa statistics (κ = 0.897).

Study variables and clinical definitions. The depen
dent variable for multivariate logistic regression was a positive 
TAB. Independent variables included age, sex, postfixation TAB 
length, TAB laterality, and treatment with high-dose prednisone.

Definition of positive biopsy. A positive TAB result was defined 
as the presence of medial inflammatory infiltrate with monon
uclear or granulomatous features in the intima or media layers of 
the artery and/or positive TAB result designated in the final im-
pression by the pathologist. Specimens that were not artery were 
excluded; those that involved inflammation of the vasa vasorum 
were deemed negative. Evidence of a fragmented internal elastic 
lamina alone was deemed negative. Indeterminate results (i.e., 
inconclusive, healed arteritis) were also categorized as negative.

Definition of high-dose prednisone treatment. Subjects 
who had received a total daily dosage of prednisone of ≥30 mg 
per day were included in the investigation and categorized into  
5 groups based on the prednisone dispense date relative to the 
TAB date: 1) 0–14 days prior to TAB, 2) >14–28 days prior to TAB, 
3) >28–42 days prior to TAB, 4) >42 days prior to TAB, and 5) first 
dispensed after TAB. Subjects who were treated with prednisone 
at a dosage of <30 mg per day were excluded from the analysis.

Statistical analyses. Univariate analyses were performed 
between positive TAB result and age, sex, ethnicity, postfixation 
TAB length, and laterality to determine the independent variables 
for the multivariate regression. Multivariate logistic regression was 
subsequently performed using TAB result as the outcome variable, 
adjusting for age, postfixation TAB length, laterality, and pre-TAB 
prednisone exposure. A sensitivity analysis was performed using 
the same multivariate logistic regression equation. This analysis 
excluded indeterminate results (i.e., inconclusive, healed arteritis, 
fragmentation of the internal elastic lamina alone, inflammation of 
the vasa vasorum, etc.) rather than categorizing these reports as 
negative.

RESULTS

A total of 3,057 TAB pathology reports were reviewed. A total 
of 306 biopsies (10%) were designated positive per pathology 
report. Only 93 pathology reports (3%) specified the presence of 
multinucleated giant cells and/or granulomatous inflammation (see 

SIGNIFICANCE & INNOVATIONS
•	 This study utilizes a national database containing 

data on US veterans and demonstrates that longer-
length temporal artery biopsy (TAB) is more likely to 
yield a positive result.

•	 A higher rate of positive TAB results was observed 
in those who underwent initial bilateral TAB com-
pared to unilateral TAB.

•	 The initiation of prednisone at a dosage of ≥30 mg 
per day beyond 42 days prior to TAB did not affect 
the yield of the TAB.
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Supplementary Table 2, available on the Arthritis Care & Research 
web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23897/​
abstract).

Demographics: sex, ethnicity, and age. Of the 11,984 
subjects in the VHA database with a GCA diagnosis code, 94% 
(11,257) were men and 6% (727) were women (Table 1). Nearly 
one-half of the TAB cohort either did not report their ethnicity 
(44%) or did not know their ethnicity (7%) (Table 2). Of those who 
had data on self-reported ethnicity, the majority were white (n = 
1,129; 37%), followed by African American (n = 287; 9%). Asian/
Pacific Islanders (16%) and Hispanic/Latinos (13%) demonstrated 
higher frequency of positive TAB results compared to other self-

reported ethnicity groups.
The majority (36%) of subjects in the TAB cohort were 61–70 

years of age (Table 3). When compared to a reference category of 
61–70 years of age, age >71 years was significantly associated 
with the odds of TAB positivity (odds ratio [OR] 1.87, P < 0.05 if 
age 71–80 years; OR 2.80, P < 0.05 if age >80 years). These results 
were unchanged in the sensitivity analysis (see Supplementary 
Table 3, available on the Arthritis Care & Research web site at 
http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23897/​abstract).

Postfixation length of biopsy. Of the 3,057 biopsies 
reviewed, 3,043 reported postfixation specimen length, and 
2,983 reported laterality (right, left, bilateral). The likelihood of a 
positive TAB result was significantly associated with postfixation 
TAB length of ≥30 mm (OR 1.58 [95% confidence interval (95% 
CI) 1.06, 2.36], P < 0.05) (Table 4) when compared to a reference 
category of <10 mm, as well as with bilateral biopsy performed in 
1 sitting (OR 1.83 [95% CI 1.29, 2.59], P < 0.05) (Table 5) when 
compared to unilateral biopsy. An additional postfixation TAB 
length category (15 to <20 mm group; OR 1.70 [95% CI 1.01, 
2.06], P <0.05) also reached significance in the sensitivity analy
sis (see Supplementary Table 3 at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23897/​abstract). The association between initial 
bilateral biopsy and positive TAB result was unchanged in the sen-
sitivity analysis (see Supplementary Table 3 at http://onlinelibrary.

wiley.com/doi/10.1002/acr.23897/abstract).  The likelihood of 
TAB positivity increased incrementally with longer biopsies. Nei-
ther sex nor age influenced TAB length or the likelihood that a 
bilateral TAB was performed.

Pre-TAB prednisone exposure. Of the 3,057 biopsies 
reviewed, 2,012 subjects were prescribed prednisone at a dosage 
of ≥30 mg per day at some point during a range of 90 days prior 
to and 90 days post-TAB. The majority (73%) of these subjects 
were prescribed prednisone 0–14 days prior to TAB (Table  6). 
The duration of treatment with prednisone prior to biopsy was 
not influenced by age, postfixation TAB length, or laterality. There 
was a negative association on univariate analysis with prednisone 
initiation and male sex (coefficient –2.97 [95% CI –5.6, 0.36],  
P < 0.05). After adjustment for sex, there was no significant asso-
ciation between time to prednisone initiation up to 42 days prior 
to TAB and either positive TAB result or presence of giant cells 
if described in the pathology report (Table 6 and Supplementary 
Table 2, available at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23897/​abstract). Positive TAB was significantly associated with 
the first prednisone treatment after the TAB date. These results 
were unchanged in the sensitivity analysis (see Supplementary 
Table 3, available at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23897/​abstract).

DISCUSSION

This retrospective study utilizing national data from the US 
veteran population reveals an increased yield of positive TAB 
results with longer biopsies in a literature landscape of discrepant 
findings regarding this issue (see Supplementary Table 1, available 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23897/​abstract). 
Our results found an OR of 1.8 for obtaining a positive TAB result 
with an initial bilateral biopsy when compared to unilateral biopsy. 
The positive biopsy rate was 17% in the bilateral biopsy group 
compared to 9% in the unilateral biopsy group, and of the 238 
bilateral biopsies, there was a 94.5% concordance rate. Durling 
et  al examined a cohort of 250 initial bilateral biopsy patients, 
achieving a postfixation length of at least 1 cm, and found a 
discordance rate of 17% among the TAB-positive group and a 

Table 1.  Characteristics of the study subjects*

Characteristic Values
Total GCA diagnosis (ICD-9, ICD-10) 11,984
TAB performed 3,057 (26)
Prednisone ≥30 mg per day, dispensed 

among total cohort
6,161 (51)

Prednisone ≥30 mg per day, dispensed 
among TAB cohort

2,012 (66)

Mean age, years 72.5
Median age, years 73.1
Male sex 11,257 (94)

* Values are the number (%) unless indicated otherwise. GCA = giant 
cell arteritis; ICD-9 = International Classification of Diseases, Ninth 
Revision; ICD-10 = International Statistical Classification of Diseases 
and Related Health Problems, Tenth Revision; TAB = temporal artery 
biopsy. 

Table 2.  Self-reported ethnicity among TAB cohort*

Self-reported 
ethnicity

No. TABs 
performed

Positive 
TAB result

Negative 
TAB result

Missing 1,337 145 (11) 1,192 (89)
Unknown 206 13 (6) 193 (94)
White 1,129 116 (10) 1,013 (90)
African American 287 19 (7) 268 (93)
Hispanic/Latino 76 10 (13) 66 (87)
Asian/Pacific 

Islander
19 3 (16) 16 (84)

American Indian 3 0 (0) 3 (100)
* Values are the number (%) unless indicated otherwise. TAB = 
temporal artery biopsy. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23897/abstract


CHUNG ET AL 702       |

discordance rate of 27% between localization of symptoms and 
laterality of positive TAB (13). These findings are not insignificant 
when considering the consequences of the diagnosis and the jus-
tification required for long-term immunosuppressive therapy, par-
ticularly in intermediate probability cases. Logistically, there may 
be benefits to simultaneous initial biopsy compared to sequential 
biopsy, including the use of the same instruments and procedure 
equipment and less travel time for the patient (13). There are no 
studies published on the rate of morbidities related to the TAB 
procedure, but according to various publications, the complica-
tions involved in this procedure appear to be limited to local irri-
tation or factors related to not obtaining the artery (i.e., neuralgia, 
venous specimen, etc.) (3,13–15).

This study reveals the heterogeneous approach to obtain-
ing TAB length, presumably determined by surgeon discretion, 
as evidenced by the roughly equal distribution among post-
fixation biopsy-length categories. This raises the compelling 
question of whether to provide a standardized approach for 
surgeons who perform these procedures. The consideration 
of specimen shrinkage with both frozen section and forma-
lin fixation must be underscored. A 2012 study examining 62 
biopsies found a mean shrinkage length of 4.61 mm with a 
2.97-mm SD (16). Thus, achieving a postfixation TAB length of 
3.0 cm may mean obtaining a specimen of 3.5–4.0 cm intra-
operatively in an effort to increase yield, particularly in cases of 
indeterminate probability.

The initiation of moderate-to-high–dose prednisone did not 
appear to affect the yield of TAB even when started beyond 
42 days prior to the TAB. This observation aligns well with a 
recent prospective study by Maleszewski et  al that examined 
serial TABs during the first year of therapy for biopsy-proven 
GCA (17). Granulomatous infiltrates decreased slowly in a time-
dependent fashion, with 71% of cases demonstrating persistent 
granulomatous inflammation at 3 months and still 25% of cases 
at 12 months despite brisk clinical improvement of symptoms. 
Our results affirm that clinicians should not be deterred in ini-
tiating glucocorticoid therapy prior to TAB and suggest that 
biopsy may still be valuable despite significant time receiving 
glucocorticoid therapy, in contrast to magnetic resonance imag-
ing or ultrasound, modalities in which the sensitivity of GCA is 
reported to decline rapidly within the first week of glucocorticoid 
exposure (10).

Of those subjects who underwent TAB and were treated with 
prednisone at some point, a positive TAB result was only signif-
icantly associated with first prednisone treatment after the TAB 
date. While this observation could be due to the possibility that 
treatment with prednisone prior to TAB does reduce yield, the 
lack of a corresponding relationship between pre-TAB duration of 
treatment and TAB positivity rate renders this explanation equiv-
ocal. We suspect that this observation is more aptly explained by 
the possibility that a positive TAB result prompted the provider to 
initiate treatment.

Table 3.  Multivariate logistic regression of age on temporal artery biopsy (TAB) positivity, adjusting 
for postfixation TAB length and laterality*

Age at TAB, years No. (%)†
No. (%) 

TAB positive‡ OR 95% CI P
<50 23 (1) 1 (4) 0.55 0.73, 4.14 0.561
51–60 307 (10) 10 (3) 0.58 0.33, 1.02 0.061
61–70 1,107 (36) 66 (6) Ref. – –
71–80 894 (29) 110 (12) 1.87 1.41, 2.50 0.000§
>80 726 (24) 119 (16) 2.80 2.11, 3.72 0.000§

* Age as a categorical variable produces the reported odds ratio (OR) when compared to the reference 
category (61–70 years). 95% CI = 95% confidence interval; ref. = reference. 
† Percentages use a denominator of 3,057 (TAB performed). 
‡ Percentages use the denominator of the total number in the age category. 
§ Significant. 

Table  4.  Multivariate logistic regression of postfixation temporal artery biopsy (TAB) length on TAB 
positivity, adjusting for age and laterality*

Postfixation 
TAB length No. (%)†

No. (%) 
TAB positive‡ OR 95% CI P

<10 mm 606 (20) 46 (8) Ref. – –
10 to <15 mm 680 (22) 59 (9) 1.15 0.80, 1.65 0.465
15 to <20 mm 640 (21) 69 (11) 1.42 0.99, 2.03 0.053
20 to <25 mm 501 (17) 55 (11) 1.30 0.89, 1.90 0.179
25 to <30 mm 265 (9) 31 (9) 1.44 0.92, 2.24 0.106
≥30 mm 351 (12) 42 (12) 1.58 1.06, 2.36 0.026§

* Postfixation TAB length as a categorical variable produces the reported odds ratio (OR) when compared 
to the reference category (<10 mm). 95% CI = 95% confidence interval; ref. = reference. 
† Percentages use a denominator of 3,043 (TAB with length reported). 
‡ Percentages use the denominator of the total number in the postfixation TAB length category. 
§ Significant. 
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Associations between GCA and ethnicity were unable to be 
performed, largely due to the fact that the majority of subjects 
in the cohort did not have this data available. Of those who did 
self-report ethnicity and who underwent TAB, the positivity rate 
was lower in the African American group (7%) compared to white 
participants (10%). Interestingly, the rates of positive TAB results 
among the Hispanic/Latino group (13%) and the Asian/Pacific 
Islander group (16%) were higher than among white participants. 
While the ethnicity distribution in this VHA cohort does not reflect 
that of the general population, these observations illuminate the 
noteworthy prevalence of GCA in other nonwhite groups.

Associations between TAB positivity and elevated erythrocyte 
sedimentation rate (ESR) or C-reactive protein (CRP) level were 
also not included in this study because the analysis was deemed 
problematic. In the database, the majority of subjects who under-
went TAB did not have an abnormal ESR or CRP level within 180 
days pre- and post-TAB. Inflammatory markers are not only widely 
used as the initial screening test for GCA, but the sensitivity of 
abnormal markers is high; thus, the discrepancy was thought to 
be due to errors in the data set, i.e., subjects who received the 
initial evaluation at an outside non-VHA facility (18).

It is important to note several limitations to this study, the 
most significant of which are the poor sensitivity of TAB itself, with 
a false negative rate cited up to 25%, and the unknown preva-
lence of biopsy-negative GCA in this cohort (1,2,4,19). We also 
acknowledge the lack of clinical data to correlate the diagnosis of 
GCA, a condition that is characterized by symptomatology (i.e., 
headache, jaw claudication, visual symptoms) and response to 

immunosuppressive therapy. Due to the lack of access to clinical 
data, we were unable to examine TAB results in the context of 
other related diagnoses, namely large vessel vasculitis, Takayasu 
arteritis, and polymyalgia rheumatica, which could account for 
treatment with prednisone. Of 23 subjects under age 50 years 
who underwent TAB in this data set, 1 subject (age 31 years) had 
a positive TAB result, which was manually reviewed by all authors 
independently with agreement that the histopathologic descrip-
tion was compatible with GCA. It has been reported that GCA can 
indeed occur in patients younger than 50 years of age; however, 
we must acknowledge the possibility that this data set did not rep-
resent a pure GCA cohort (20). Case reports and small case series 
have described temporal artery involvement in non-GCA vascu-
litides, such as antineutrophil cytoplasmic antibody–associated 
vasculitis, polyarteritis nodosa, and cryoglobulinemia. And since 
we did not have access to chart data, we were unable to confirm 
the ultimate diagnoses after TAB (21). Owing to the large retro-
spective nature of this study, confirmation and agreement of the 
pathology report with a fixed specimen could not be achieved, 
and we were unable to confirm outside glucocorticoid sources 
beyond prescription services through the VHA system. Addi-
tionally, pathology reports were heterogeneous in the degree of 
description regarding biopsy specimens, which makes this study 
susceptible to information bias. Last, despite the large cohort size, 
the overall rate of positive TAB results in this study was low (10%). 
The low TAB positivity rate may be due to the largely male cohort 
(GCA has a higher prevalence in women) or might reflect the refer-
ral base that influences pretest probability of biopsy yield.

Table 5.  Multivariate logistic regression of laterality on temporal artery biopsy (TAB) positivity, adjusting for 
age and postfixation TAB length*

TAB laterality No. (%)†
No. (%) 

TAB positive‡ OR 95% CI P
Unilateral biopsy 2,746 (92) 254 (9) Ref. – –
Bilateral biopsy 237 (8) 41 (17) 1.83 1.29, 2.59 0.000§

* Bilateral biopsy produces an odds ratio (OR) of 1.83 when compared to unilateral biopsy. 95% CI = 95% 
confidence interval; ref. = reference. 
† Percentages use a denominator of 2,983 (TAB with laterality reported). 
‡ Percentages use the denominator of the total number in the laterality category. 
§ Significant. 

Table 6.  Multivariate logistic regression of prednisone treatment duration on temporal artery biopsy (TAB) 
positivity, adjusting for age, sex, postfixation TAB length, and laterality*

Days relative to 
TAB date No. (%)†

No. (%) 
TAB positive‡ OR 95% CI P

Post-TAB 224 (11) 43 (19) 1.79 1.24, 2.58 0.002§
0–14 prior to TAB 1,474 (73) 173 (12) Ref. – –
>14–28 prior to TAB 213 (11) 22 (10) 0.85 0.53, 1.37 0.513
>28–42 prior to TAB 51 (3) 4 (8) 0.65 0.23, 1.82 0.411
>42 prior to TAB 50 (3) 6 (12) 1.01 0.42, 2.41 0.983

* Duration (days) that prednisone was first dispensed for a diagnosis of giant cell arteritis is the categorical 
variable producing an odds ratio (OR) of positive TAB result when compared to the reference category (0–14 
days). 95% CI = 95% confidence interval; ref. = reference. 
† Percentages use a denominator of 2,012 (prednisone dispensed among TAB cohort). 
‡ Percentages use the denominator of the total number in the prednisone treatment duration category. 
§ Significant. 
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The current study, however, contributes to the literature by 
examining objective predictors of TAB positivity utilizing a large 
national database rather than case series, and our results correlate 
with the current understanding regarding the histopathology of 
this disease. Clinically, these results are relevant because they not 
only support the early initiation of prednisone in cases suspicious 
for GCA but also make a case for the persistent value of TAB, 
despite its limited sensitivity, in assisting in the diagnosis of GCA 
for patients who have already had significant exposure to gluco-
corticoids. Our results also suggest consideration of pursuing ini-
tial bilateral TAB or achieving a postfixation TAB length of at least 
3 cm to improve yield.
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Joint Distribution and Two-Year Outcome in 347 Patients 
With Monoarthritis of Less Than Sixteen Weeks’ Duration
Ellen Sauar Norli,1 Gina Hetland Brinkmann,2 Tore Kristian Kvien,3 Olav Bjørneboe,4 Anne Julsrud Haugen,5 
Halvor Nygaard,6 Cathrine Thunem,7 Elisabeth Lie,3 and Maria Dahl Mjaavatten3

Objective. The present study was undertaken to investigate the joint distribution and 2-year outcome of patients 
with recent-onset monoarthritis.

Methods. Adult patients with clinically apparent monoarthritis of ≤16 weeks’ duration were included in a multi-
center 2-year longitudinal study. Clinical characteristics, joint distribution, development of chronic inflammatory rheu-
matic disease (CIRD), as well as classification criteria according to the American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) 2010 criteria for RA were studied. Predictors for development of 
CIRD were analyzed by multivariable logistic regression analyses.

Results. The knee (49.3%), ankle (16.7%), and wrist (14.1%) were the most frequently affected joints among the 347 
included patients. A total of 91 patients (26.2%) developed CIRD during follow-up; 21 (6.1%) were diagnosed with RA, and 
16 (4.6%) with psoriatic arthritis. Longer duration of joint swelling, joint localization, and anti–citrullinated protein antibody 
(ACPA) and rheumatoid factor (RF) positivity were independent predictors of CIRD. Six of 58 patients (10.3%) with ankle 
monoarthritis and 21 of 49 patients (42.9%) with wrist monoarthritis developed CIRD during follow-up. The 2010 ACR/
EULAR Criteria for RA identified all patients diagnosed with seropositive RA at an early stage, mostly within 3 months.

Conclusion. Approximately one-fourth of patients with recent-onset monoarthritis developed CIRD over 2 years. 
Patients presenting with ankle arthritis rarely developed CIRD, whereas patients presenting with wrist arthritis more 
frequently did so. Longer duration of joint swelling and ACPA and RF positivity were also predictive of CIRD. Our 
findings facilitate the early identification of patients with monoarthritis who have an unfavorable prognosis.

INTRODUCTION

Monoarthritis is inflammatory swelling of a single joint or, in 
the case of the wrist and ankle, a joint unit. The major causes 
are crystal-induced arthritis, osteoarthritis, infection, trauma, 
mechanical derangement, and chronic inflammatory rheumatic 
diseases (CIRD) such as rheumatoid arthritis (RA). Early recogni-
tion of CIRD is essential to maintain function and minimize joint 
damage. Most studies of early arthritis have focused on polyar-
thritis because patients with polyarthritis tend to have the worst 
prognosis (1). Nevertheless, previous studies have indicated that 

~30–60% of patients presenting with monoarthritis also develop 
CIRD (2–6). The studies have, however, generally included 
patients with longstanding arthritis and have often been small 
and retrospective (2–4,6–8). Knowledge is limited regarding 
recent-onset monoarthritis (2).

The aims of this study were to investigate the joint distribu-
tion of monoarthritis and to identify predictors of CIRD develop-
ment in a large, prospective, multicenter, very early monoarthritis 
cohort. We further studied the applicability of the American Col-
lege of Rheumatology (ACR)/European League Against Rheu-
matism (EULAR) 2010 criteria for RA in early monoarthritis (9).
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MATERIALS AND METHODS

Study population and data collection. We included 
patients from the Norwegian Very Early Arthritis Clinic (NOR-VEAC)  
who presented with monoarthritis. NOR-VEAC is a 2-year 
prospective, multicenter, observational cohort in which 1,118 
patients (ages 18–75 years) with clinically apparent arthritis in 
≥1 joint of ≤16 weeks’ duration were included between 2004 
and 2010. The rheumatology departments involved established 
a dedicated track for receiving patients with early arthritis within 
2 weeks. Primary care physicians were trained by their local 
rheumatology department to recognize arthritis early and were 
requested to refer all patients directly in order to minimize doctor’s 
delay and ensure inclusion of a large proportion of patients with 
recent-onset arthritis. Exclusion criteria were arthritis due to 
crystal deposits, trauma, osteoarthritis, mechanical joint lesion, 
and septic arthritis. Data were collected at baseline and after 3, 

6, 12, and 24 months by rheumatologists and study nurses, and 
the patients reported health status by questionnaires. A study 
nurse contacted patients not attending prescheduled study vis-
its by telephone. Specific diagnostic tests such as HLA–B27, 
joint fluid analysis, and ultrasound were not required per protocol 
but were performed at the discretion of the treating rheumatol-
ogist. Anti–citrullinated protein antibodies (ACPAs), as well as 
immunoglobulin M and A rheumatoid factor (RF) were analyzed 
post hoc for research purposes for all patients. Details regarding 
design and data collection have been described elsewhere (10).

Patients with any follow-up data were included in the cur-
rent study. For patients lost to follow-up before 2 years, the last 
registered data were used in a last observation carried forward 
approach. The study was approved by the Regional Ethics Com-
mittee, and patients gave informed consent.

Outcome. The final clinical diagnoses were made by the 
treating rheumatologist and coded according to the World Health 
Organization International Classification of Diseases, 10th revi-
sion. Patients with RA, psoriatic arthritis (PsA), other chronic 
spondyloarthritides (SpA) (ankylosing spondylitis, axial SpA, and 
inflammatory bowel disease–related arthritis), and connective tis-
sue disease (CTD) were included in the CIRD group. Patients with 
undifferentiated arthritis (UA) or reactive arthritis (ReA) were also 
assigned to this outcome group if they received disease modi-
fying antirheumatic drugs (DMARDs) during follow-up, had per-
sistent joint swelling, or received glucocorticoids during the last 
3 months of observation. The remainder of the patients, referred 
to as non-CIRD patients, thus included those in whom the arthri-
tis had resolved without DMARDs, as well as patients diagnosed 
with gout or degenerative disorders during follow-up. Further, we 

SIGNIFICANCE & INNOVATIONS
•	 Few patients with recent-onset monoarthritis 

seemed to develop chronic inflammatory rheumatic  
disease (CIRD) over 2 years.

•	 Patients with ankle monoarthritis had an especially  
low likelihood of developing CIRD, and none of 
these patients were diagnosed with rheumatoid  
arthritis (RA) or psoriatic arthritis.

•	 The American College of Rheumatology/European 
League Against Rheumatism 2010 criteria for RA 
performed well for patients with early seropositive 
monoarthritis but did not identify the seronegative 
RA patients.

Figure 1.  Overview of outcome according to joint distribution at baseline. Other chronic SpA are ankylosing spondylitis, axial SpA, and 
inflammatory bowel disease–associated arthritis. * = small joints of the hand; † = small joints of the foot; ‡ = 1st carpometacarpal joint (n = 2) 
and acromioclavicular joint (n = 1); UA = undifferentiated arthritis; SpA = spondyloarthritides; PsA = psoriatic arthritis; RA = rheumatoid arthritis; 
CIRD = chronic inflammatory rheumatic disease.
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retrospectively applied the 2010 ACR/EULAR Criteria for RA at 
baseline and cumulatively at each visit, excluding patients with a 
clinical diagnosis other than RA.

Statistical analysis. Baseline characteristics were com-
pared between CIRD and non-CIRD patients using the chi-square 
test, independent samples t-test, or the Wilcoxon-Mann-Whitney 
test, as appropriate. Multivariable logistic regression analyses were 
performed, with CIRD as the dependent variable. Clinically relevant 
variables (body mass index, smoking status, coffee consumption, 
education, joint localization, duration of joint swelling, tender joint 
count in 28 joints [TJC28], erythrocyte sedimentation rate [ESR], 
C-reactive protein level, Health Assessment Questionnaire Disabil-
ity Index score, ACPA and RF positivity) with a univariable P <0.20, 
as well as sex and age, were included in the full model. P values 

less than 0.05 were considered significant. Furthermore, explor
ative analyses of the development of different CIRDs and fulfillment 
of the 2010 ACR/EULAR Criteria for RA were performed. Statisti-
cal analyses were performed using SPSS, version 23.

RESULTS

Patient characteristics and outcome. Overall, 32.6% 
(364 of 1,118) of the patients in NOR-VEAC presented with mono
arthritis, of whom 347 patients had follow-up data and were 
included in the current study (see Supplementary Figure 1, avail
able on the Arthritis Care & Research web site at http://onlin​elibr​ary. 
wiley.com/doi/10.1002/acr.23334/​abstract). The most commonly 
affected joints were the knee (49.3%), ankle (16.7%), and wrist 
(14.1%) (Figure 1).

Table 1.  Comparisons of baseline demographics and disease characteristics of patients with and without chronic inflammatory 
rheumatic disease (CIRD)*

CIRD 
n = 91

non-CIRD 
n = 256 P

Demographics
Age, mean ± SD years 46.0 ± 15.4 45.5 ± 13.7 0.78
Female, % 61.5 48.8 0.04
BMI, mean ± SD kg/m2 26.4 ± 5.1 25.8 ± 3.9 0.71
Current daily smoker, % 38.5 27.0 0.04
Ever smoker, % 63.7 57.1 0.27
Coffee consumption ≥5 cups per day, % 25.6 26.3 0.89
Education (college/university), % 39.6 50.0 0.09

Disease characteristics
Joint localization

Small joints of the hand 8 (8.8) 15 (5.9) 0.33
Wrist 21 (23.1) 28 (10.9) 0.004
Elbow 2 (2.2) 3 (1.2) NA
Shoulder 3 (3.3) 4 (1.6) NA
Hip 1 (1.1) 1 (0.4) NA
Knee 45 (49.5) 126 (49.2) 0.97
Ankle 6 (6.6) 52 (20.3) 0.003
Small joints of the foot 5 (5.5) 24 (9.4) 0.25
First carpometacarpal joint 0 (0.0) 2 (0.8) NA
Acromioclavicular joint 0 (0.0) 1 (0.4) NA

Other disease characteristics
Duration of joint swelling, median (25th, 75th 

percentiles) days
38.0 (16.0–66.0) 19.5 (6.0–40.0) <0.001

ACPA positive, % 18.9 2.4 <0.001
RF positive, % 21.1 3.6 <0.001
ACPA and/or RF positive, % 27.8 4.8 <0.001
ESR, median (25th, 75th percentiles) mm 22.0 (12.0–37.0) 16.0 (8.0–31.0) 0.03
CRP, median (25th, 75th percentiles) mg/liter 12.0 (4.0–29.0) 9.0 (3.0–26.0) 0.29
Joint pain VAS, mean ± SD mm 52.9 ± 28.6 46.7 ± 25.2 0.04
Fatigue VAS, mean ± SD mm 36.1 ± 31.0 31.5 ± 29.0 0.25
Patient global VAS, mean ± SD mm 50.6 ± 25.1 45.9 ± 25.3 0.12
Assessor global VAS, mean ± SD mm 29.0 ± 15.9 24.8 ± 14.4 0.04
SF-36 PCS score, mean ± SD 34.3 ± 10.6 36.9 ± 10.8 0.06
SF-36 MCS score, mean ± SD 49.9 ± 9.1 51.0 ± 11.1 0.13
HAQ DI score, mean ± SD 0.66 ± 0.57 0.59 ± 0.55 0.29
TJC28, median (25th, 75th percentiles) 1.0 (1.0–1.0) 1.0 (0.0–1.0) 0.001

* Values are the number (%) unless indicated otherwise. Differences between the groups were examined with the 
Wilcoxon-Mann-Whitney test, independent samples t-test, and chi-square test, as appropriate. BMI = body mass index; 
NA = not appropriate; ACPA = anti–citrullinated protein antibody; RF = rheumatoid factor (immunoglobulin A and/
or M); ESR = erythrocyte sedimentation rate; CRP = C-reactive protein level; VAS = visual analog scale; SF-36 PCS = Short 
Form-36 Health Survey physical component summary; SF-36 MCS = SF-36 mental component summary; HAQ DI =  
Health Assessment Questionnaire Disability Index; TJC28 = tender joint count in 28 joints. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23334/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23334/abstract
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The majority of the patients (73.8%) did not develop CIRD.  
A total of 21 patients were diagnosed with RA (6.1%), 16 were 
diagnosed with PsA (4.6%), 12 were diagnosed with other 
chronic SpA (3.5%), and 42 were diagnosed with persistent UA 
(12.1%), which together constitute the CIRD group (n = 91). No 
patients were diagnosed with CTD. Further details about final 
clinical diagnoses in the CIRD and non-CIRD groups are given in 
Supplementary Table 1, available on the Arthritis Care & Research 
web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23334/​
abstract. Baseline characteristics of CIRD and non-CIRD patients 
are compared in Table  1. Female sex, smoking, wrist involve-
ment, long duration of joint swelling, positive ACPA, positive RF, 
high ESR, and high TJC28 were associated with CIRD develop-
ment, while ankle involvement was significantly less frequent in 
the CIRD group. DMARDs were administered to 58.2% of the 
CIRD patients. A total of 50.5% in the CIRD group versus 13.3% 
in the non-CIRD group received systemic corticosteroids during 
follow-up. The corresponding proportions for intraarticular cor-
ticosteroids and treatment with nonsteroidal antiinflammatory 
drugs were 58.2% versus 52.3% and 63.7% versus 55.9%, 
respectively.

Two-year follow-up data were available for 219 patients 
(63.1%). Compared to the overall group of patients (n = 347), the 
completers were more often women (58.0% versus 52.2%) and 
had a longer median duration of joint swelling (27 days versus 23 
days) (see Supplementary Table 2, available on the Arthritis Care 
& Research web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23334/​abstract). Details regarding follow-up data are available 
in Supplementary Tables 3 and 4.

Predictors for CIRDs. Since both ankle and wrist mono
arthritis were univariably associated with the outcome, we used 
a categorical variable comparing ankle, wrist, and other joints 
for the multivariable logistic regression analysis (Table  2). The 

odds ratio for CIRD was 2.0 (95% confidence interval [95% CI] 
1.0–4.2) for monoarthritis of the wrist and 0.5 (95% CI 0.2–1.2) 
for monoarthritis of the ankle compared to all other joints. 
Longer duration of joint swelling and ACPA and RF positivity 
were also significantly associated with CIRD, whereas smoking, 
education, ESR, and TJC28 were not retained in the multivari-
able model.

Patients with monoarthritis of the wrist, shoulder, or the small 
joints of the hand more often developed RA (12.2%, 28.6%, and 
17.4%, respectively, compared to 6.1% for the whole group) (Fig-
ure 1). For PsA, no clear trend was observed. Patients with ankle 
monoarthritis (n = 58) had the lowest rate of CIRD (10.3%), and 
no patients presenting with monoarthritis of the ankle developed 
RA or PsA.

Classification according to the 2010 ACR/EULAR  
Criteria for RA. A total of 17 patients (4.9%) fulfilled the 2010 
ACR/EULAR Criteria for RA at baseline; the majority had arthritis 
of the wrist (n = 7) or other small joints (n = 7). Three patients with 
large joint monoarthritis fulfilled the criteria due to additional tender 
joints. During follow-up, 9 additional patients fulfilled the criteria, of 
whom 6 had large joint arthritis at baseline.

We also compared clinical diagnosis to the 2010 ACR/
EULAR Criteria for RA fulfillment. Of the 16 patients with a final 
clinical diagnosis of seropositive RA, 56.3% were diagnosed 
within 3 months, as opposed to 93.8% if the 2010 ACR/EULAR 
Criteria for RA had been used for diagnostic purposes. The 5 
patients with a final clinical diagnosis of seronegative RA were all 
diagnosed after 6 to 24 months and did not fulfill the 2010 ACR/
EULAR Criteria for RA during follow-up. Conversely, 10 patients 
who never received a clinical diagnosis of RA fulfilled the 2010 
ACR/EULAR Criteria for RA during follow-up, and their respective 
final diagnoses were persistent UA (5 patients), PsA (1 patient), 
and non-CIRD (4 patients).

Table  2.  Comparisons of baseline demographics and disease characteristics of patients with and without chronic 
inflammatory rheumatic disease (CIRD)*

Univariable analyses Multivariable analysis†

OR 95% CI P OR 95% CI P
Age, years 1.00 0.99–1.02 0.78 0.99 0.97–1.01 0.42
Male (ref.: female) 0.60 0.37–0.97 0.04 0.72 0.42–1.23 0.23
Current smoker (ref.: former or never) 1.69 1.02–2.80 0.04 – – –
Education (college/university) (ref.: lower education) 0.66 0.40–1.07 0.09 – – –
Joint localization (wrist vs. ankle vs. other) 0.001 0.03
Swollen wrist vs. other 2.06 1.09–3.89 0.03 2.03 0.97–4.24 0.06
Swollen ankle vs. other 0.32 0.13–0.77 0.01 0.46 0.18–1.16 0.10
Duration of joint swelling, weeks 1.11 1.05–1.17 <0.001 1.09 1.03–1.16 0.002
ACPA positive (ref.: negative) 9.51 3.62–25.00 <0.001 3.83 1.25–11.74 0.02
RF positive (ref.: negative) 7.20 3.12–16.60 <0.001 3.47 1.30–9.23 0.01
ESR, mm/hour 1.01 1.00–1.02 0.17 – – –
TJC28 1.31 1.07–1.62 0.01 – – –

* OR = odds ratio; 95% CI = 95% confidence interval; ref. = reference; ACPA = anti–citrullinated protein antibody; RF = 
rheumatoid factor (immunoglobulin A and/or M); ESR = erythrocyte sedimentation rate; TJC28 = tender joint count in 28 joints. 
† Hosmer-Lemeshow goodness-of-fit test, P = 0.208. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23334/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23334/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23334/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23334/abstract
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DISCUSSION

This is the first study to prospectively investigate outcomes 
in a large, unselected cohort with recent-onset monoarthritis (2,4). 
Approximately one-third of the patients in NOR-VEAC presented 
as having monoarthritis, of whom 26.2% developed CIRD. RA was 
diagnosed in 6.1% during follow-up. In a follow-up study, Binard 
et al found that among 27 patients with monoarthritis of <1 year 
duration, 11 patients had persistent arthritis, and no patients were 
diagnosed with RA (4). Among 23 other patients presenting with 
monoarthritis at baseline but with a history of involvement of other 
joints during the year before baseline, they reported 7 patients 
with persistent disease and 14 with RA (4). Another follow-up 
study including 32 patients with undifferentiated monoarthritis of 
1–6 months disease duration identified 2 patients with RA (8). 
However, in most previous studies of monoarthritis, the propor-
tions with CIRD and RA development are higher, with approximate 
frequencies of 43.3–65.8% and 7.9–18.1%, respectively (2,3,6). 
We believe longer duration of joint swelling at baseline is the major 
reason for this difference compared to our study. However, direct 
comparison of results between other studies and our study is chal-
lenged by the retrospective design of most former studies, as well 
as differences in patient selection, joints studied, and outcome 
definitions. DMARDs were prescribed to 58.2% of the patients with 
CIRD in our study. We believe this rather low percentage may be 
explained by the expected beneficial prognosis of monoarthritis, as 
well as the inclusion of persistent ReA and UA in the CIRD group.

Type of joint affected, duration of joint swelling, and ACPA 
and RF positivity were found to be independent predictors of 
CIRD development. Monoarthritis of the wrist or small joints of 
the hand involved the highest risk of patients developing CIRD, 
especially RA, which is in line with the early arthritis population 
in general and also results from retrospective studies assessing 
chronic monoarthritis (2,6,11). Ankle involvement has previously 
been shown to predict diagnostic outcomes other than RA in 
a very early arthritis cohort (not only monoarthritis patients) and 
to predict peripheral SpA in a retrospective monoarthritis study 
(2,12). These findings are partially in accordance with the current 
study, which demonstrated that very early ankle monoarthritis was 
infrequently associated with CIRD.

Among the 26 patients who fulfilled the 2010 ACR/EULAR 
Criteria for RA during follow-up, 84.6% developed CIRD. This 
finding is in line with data from the entire NOR-VEAC cohort, 
as well as with validation studies of the criteria in early arthritis 
populations with more joints affected (13,14). Use of the criteria 
facilitated earlier recognition of RA among seropositive patients. 
Notably, the seronegative RA patients never fulfilled the 2010 
ACR/EULAR Criteria for RA, supporting the findings of Nordberg 
et al, who showed that the 2010 criteria only capture seronegative 
patients with extensive joint involvement (15).

In this study, the diagnosis of arthritis and the decision to 
start DMARDs were both based on clinical judgment, leaving 

the use of diagnostic tools, classification criteria, and treatment 
guidelines to the discretion of the rheumatologist. This might be a 
limitation when it comes to comparing the results with those from 
future studies of early monoarthritis. Also, distinction between true 
arthritis and inflammation of juxtaarticular structures might be dif-
ficult. Another limitation of our study is the loss to follow-up. We 
used a last observation carried forward method to handle this. 
This method carries the risk of bias because it is an unrealistic 
assumption that the last measured outcome is frozen in time. 
Nevertheless, in our study, we believe this method resulted in 
less bias than only to study patients with 2-year follow-up or to 
impute other outcomes. Recurrence of arthritis in some patients 
classified as non-CIRD and resolution of arthritis in some patients 
classified as CIRD can therefore not be excluded. Moreover, 
some subgroups were small. This was an exploratory analysis in 
a cohort study, and the findings should ideally be replicated in an 
independent cohort.

The prospective, multicenter design, the short duration of 
joint swelling examined, as well as the large size of the cohort are 
the main strengths of our study. Early identification of arthritis and 
prompt referral of all patients by general practitioners contribute to 
the external validity.

In conclusion, monoarthritis is common in patients with very 
early arthritis. Our study further demonstrated that approximately 
one-fourth of recent-onset monoarthritis patients developed CIRD 
over 2 years. The likelihood of developing CIRD was highest in 
patients with monoarthritis of the wrist and lowest in patients with 
monoarthritis of the ankle, while no patients with ankle mono
arthritis developed RA or PsA. The results facilitate early identifica-
tion of monoarthritis patients at risk of developing CIRD.
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Patients’ Perspectives and Experience of Psoriasis and 
Psoriatic Arthritis: A Systematic Review and Thematic 
Synthesis of Qualitative Studies
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Objective. To describe the range and depth of perspectives and experiences of patients with psoriasis and 
psoriatic arthritis to inform gaps in patient-centered care.

Methods. We searched MEDLINE, Embase, PsycINFO, and CINAHL to April 2018. Thematic synthesis was used 
to analyze the findings.

Results. We included 56 studies involving 1,484 adult patients with psoriasis (n = 1,147) and psoriatic arthritis  
(n = 337). Six themes (and subthemes) were identified: suffering uncontrollable and ongoing upheaval (dictating life 
choices and course, disrupting family and social roles, limited by debilitating symptoms, unstoppable and far-reaching 
fatigue), weighed down by mental load (anxiety provoked by the volatility of symptoms, dreading deterioration, strug-
gling with unrecognized distress, helpless and nihilistic), harboring shame and judgement (marked as unhygienic 
and contagious, rejected and isolated, hiding away and resenting own appearance, pain and embarrassment in 
intimacy), demoralized by inadequacies and burden of therapy (disappointed by unmet expectations of treatment 
benefit, daily drudgery, deterred by unpalatable or inconvenient treatments, disempowered by lack of personalized 
care), gaining control (making sense of the condition, accepting a new health status, regaining independence and 
normality, attuning to the body), and making confident treatment decisions (trading off perceptible benefits against 
safety and convenience, relying on family input, seeking empowering and reassuring relationships).

Conclusion. Patients with psoriasis and psoriatic arthritis contend with disruption in their functioning, roles, and 
life course and have unmet expectations about treatment. Enhanced therapeutic relationships, addressing treatment 
expectations and supporting psychosocial needs may improve satisfaction and outcomes.

INTRODUCTION

Psoriasis and psoriatic arthritis (PsA) are coexisting 
autoimmune inflammatory conditions with shared patho­
physiology and overlapping therapies (1). Psoriasis affects 
~3% of the population, and ~30% of patients with psoria­
sis will develop PsA (2). Given the high rates of undiagnosed 
and undertreated PsA among individuals with psoriasis, early 
screening is used to improve access to early treatment and 
prevent joint damage (3). Patients with PsA and psoriasis have 
a higher risk of comorbidities, including depression, metabolic 

disease, and cardiovascular mortality compared with the gen­
eral population (4).

There is high treatment burden and dissatisfaction among 
patients with psoriasis and PsA (5) due to a perceived lack of 
medication efficacy, side effects, and the need for monitoring of 
treatments (6,7). Underdiagnosis of PsA and the variability in how 
rheumatologists and dermatologists prescribe disease-modifying 
treatments may lead to undertreatment of PsA (8). While tighter dis­
ease control has been shown to improve disease activity (9), there 
remains a mismatch between patient and physician perception of 
the severity of the condition, potentially leading to differences in the 
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perception of need for treatment escalation (10,11). International 
guidelines (12,13) emphasize the need for a shared decision-
making approach between clinicians and patients, which requires 
an understanding of the goals and values of patients.

Systematic review and synthesis of multiple qualitative stud­
ies can provide an in-depth understanding of the experience of 
patients with both psoriasis and PsA across health care contexts 
and patient populations. The aim of this study was to describe 
the range and depth of experiences and perspectives of patients 
with psoriasis and PsA, which may inform strategies to improve 
satisfaction with treatment and overall health and quality of life 
outcomes.

MATERIALS AND METHODS

Selection criteria. We used the Enhancing Transparency 
of Reporting the Synthesis of Qualitative Research framework 
to report this study (14). Qualitative studies that describe the 
experiences of adult patients ages ≥18 years and diagnosed 
with psoriasis or PsA were eligible. Studies involving patients 
with different conditions were included if at least 1 participant 
had either psoriasis or PsA. Epidemiologic studies, case reports, 
basic science, nonprimary research articles (letters, editorials, 

SIGNIFICANCE & INNOVATIONS
• Patients with psoriasis and psoriatic arthritis con-

tend with severe psychosocial impacts of their dis-
ease and perceive that their mental health burden 
and stigmatization due to skin disease is under-
recognized.

• Experiences of inadequate therapeutic relation-
ships, a perception of treatment ineffectiveness, 
and fear of medications were common and have 
the potential to reduce medical engagement and 
treatment adherence.

• Patients yearn for trusting and personalized rela-
tionships with clinicians to gain confidence in man-
agement and overcome fears of taking medication.

Figure 1.  Search results. PSO = psoriasis; PSA = psoriatic arthritis.
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reviews), and non-English articles were excluded due to a lack 
of resources.

Data sources and searches. We searched MEDLINE, 
Embase, CINAHL and PsycINFO from database inception to 
April 29, 2018 using comprehensive search strategies (see Sup­
plementary Table 1, available on the Arthritis Care & Research 
web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23896/​
abstract). We also searched reference lists of relevant studies 
and Google Scholar. DS screened the titles and abstracts and 
discarded those that did not meet the eligibility criteria. The full-
text of the remaining studies were then assessed for eligibility 
(Figure 1).

Appraisal of transparency of reporting. The transpar­
ency of reporting used in interview and focus-group studies was 
evaluated using the adapted Consolidated Criteria for Reporting 
Qualitative Health Research (15). This framework includes crite­
ria specific to the research team, study methods, context of the 
study, analysis, and interpretations. Independent assessment was 
undertaken by 3 reviewers (DS, AK, and DJT). Any discrepancies 
were discussed until consensus was reached or resolved in fur­
ther discussion with AT.

Data analysis. Thematic synthesis was used for analysis 
(16). For each article, DS inductively identified preliminary con­
cepts. An initial coding structure with the preliminary concepts 
was discussed among all authors to revise the preliminary themes 
and subthemes to ensure that the breadth and depth of data were 
reflected in the analysis. All text in the Results (including quota­
tions and the author’s themes/description of the themes and 
their interpretations of the data) and Discussion sections were 
then imported into HyperRESEARCH software, version 3.7.3 
(ResearchWare). DS performed line-by-line coding of each article.

RESULTS

Literature search. We identified 56 studies involving 1,484 
patients with either psoriasis (n = 1,147, range 1–104) or PsA  
(n = 337, range 1–89) (Table 1). Study characteristics are shown 
in Table 1 and in Supplementary Table 2, available on the Arthritis  
Care & Research web site at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23896/​abstract. Studies were conducted in 19 
countries, with the majority of studies from Europe, the UK, the 
US, or Australia. The majority of studies used interviews (61%) or 
focus groups (21%). Patients’ ages ranged from 18 to 86 years.

Completeness of reporting. There was variability in the 
comprehensiveness of reporting of the 26 items in the modified 
Consolidated Criteria for Reporting Qualitative Research frame­
work (see Supplementary Table 3, available on the Arthritis Care &  

Research web site at http://onlin​elibr​ary.wiley.com/doi/10.1002/
acr.23896/​abstract). The median number of items reported was 
13 (interquartile range 9–15). Twenty-five studies (46%) reported 
theoretical saturation, 35 (65%) reported multiple researcher 
involvement in data collection and analysis, and 45 studies (83%) 
provided participant quotations.

Synthesis. We identified 6 themes: suffering uncontrollable 
and ongoing upheaval, weighed down by mental load, harboring 
shame and judgement, demoralized by inadequacies and burden 
of therapy, gaining control, and making confident treatment deci­
sions. The themes and subthemes are described in the follow­
ing section, with illustrative text provided in Table 2. The themes 
below reflect the perspectives of patients with psoriasis and PsA 
unless otherwise specified. The conceptual links among themes 

are shown in Figure 2.

Suffering uncontrollable and ongoing upheaval. “I 
can’t control it, it controls me. That’s the frustrating sense that  
I can’t beat it” (17).

Table 1.  Characteristics of the included studies*

Study characteristics Values
Year of publication

1985–2010 22 (39)
2011–2018 34 (61)

Patient population
Psoriasis 33 (59)
Psoriatic arthritis (PsA) 6 (11)
Mixed skin with psoriasis 9 (16)
Mixed rheumatic disease with PsA 7 (12)
Psoriasis and PsA 1 (2)

Region
Europe (excluding UK) 16 (29)
UK 15 (27)
US 9 (16)
Australia/New Zealand 8 (14)
Multinational 5 (9)
Iran 1 (2)
South Africa 1 (2)
Canada 1 (2)

Sample size
1–10 16 (29)
11–20 11 (20)
21–30 13 (23)
31–40 6 (11)
41–50 5 (9)
51–100 3 (5)
100–110 2 (4)

Method of data collection
Interviews 37 (61)
Focus groups 12 (21)
Interviews and focus groups 3 (5)
Video recording and interviews 1 (2)
Observation and interviews 1 (2)
Written postcards 1 (2)
Written free text 1 (2)

* Values are the number (%). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
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Table 2.  Illustrative quotations (references cited are in Supplementary Appendix A)*

Themes, illustrative quotations, and text Contributing studies
Suffering uncontrollable and ongoing upheaval

Dictating life choices and course 1,3,5–9,11,12,19,21,26,32–35,37,39, 
42,51,53–55 “That’s how I used to look [points at picture on mantelpiece], it’s like I miss myself. Running 

 things, being in charge, being in the office, being up in management and now I’m just  
 like this now.” (37)

 “I couldn’t function. I couldn’t function at all, and I’m used to being active and doing lots of  
 stuff, and then I couldn’t do anything. I hardly left the house for months.” (35)

 “I had to give up nursing because of the symptoms on my feet and my hands. I have  
 always been a nurse, so when I had to stop I almost [felt like I] died.” (37)

Some respondents expressed fatalistic beliefs and an external locus of control. (5)
Disrupting family and social roles 5,7–9,11,12,19,21,22,26,32, 

33,35,37,41,45,46,51,53,55,56 “I’ve got a 21-year-old son, and I’m thinking, when he has babies, am I going to be a proper  
 grandma.” (8)

 “Sometimes it has been hopeless. It isn’t just me, you know. It is just as much my wife and 
the rest of the family who are affected.” (55)

 “I just worry about the burden to my family and all that, that they have to look after me.” (8)
Many patients stated that the disease engenders conflict situations, especially in relation to their 

spouse or domestic partner. (55)
Limited by debilitating symptoms 1,2,7,8,9,11,12,13,17,19,21,30–32, 

35,36,38,39,41,42,44,45,46,50 “Psoriasis is very, very sore. The itchiness drives you mad. You can’t sleep and you scratch 
your arms and legs to pieces.” (56)

 “The polite British thing is to say, oh yeah I’m fine thanks. But actually I’m thinking, every 
bone in my body hurts and I’m so tired I want to cry.” (8)

Patients reported consequences of living with PsA that affected all areas of their social, work, and 
family lives but most prominently described how physically restricting PsA was. (8)

Unstoppable and far-reaching fatigue 9,35,41,42
 “And [I] keep myself going but it’s really difficult because the tiredness just takes you over, 

takes over…it is hard. It’s hard because you can’t keep your eyelids open, you’re fighting 
it.” (35)

 “It’s as if your brain’s fatigued, you know, it’s as if it’s something else, it’s not just tired, it’s 
beyond that.” (9)

Participants’ accounts of the ineffectiveness of some treatments to ameliorate fatigue highlight 
the potential for nonpharmacological approaches. (9)

Weighed down by mental load
Anxiety provoked by the volatility of symptoms 2,5–9,12,13,19,22,26,35,37,39,45,51,55

 “I’ll be thinking about it way too much, and then I’ll start getting…affecting my skin, because 
the stress will make it outbreak, and then the outbreak, I’ll want to itch, and just 
scratch.” (12)

 “Patients said they were unable to visualize a future for themselves and often expressed 
suicidal ideation.” (8)

 The psychological impact of psoriasis was characterized by constant worry, a struggle for control 
and a fear of stress triggering symptoms. (2)

Dreading deterioration 5,8,9,22,38,39,41,44,53
 “How fast it’s going to degenerate…I don’t want to be some person who’s sitting in a chair 

somewhere unable to move, and that sometimes makes me a bit anxious.” (8)
 “It’s depressing…you can’t see it getting any better…just worse and worse and worse…

might be a slight improvement, but the general trend…it is very depressing.” (38)
Patients feared their condition would rapidly and unexpectedly deteriorate. (8)

Struggling with unrecognized distress 1,2,4,5,8,9,11,19,21,22,26, 27,37,39,41,42,45, 
46,50,51,56 “People don’t realize how uncomfortable it is. If it looks bad, they sympathize, people don’t 

realize unless it looks bad. It can look okay but be really painful.” (19)
 “She’s got MS, but she’s less disabled than I am, and that’s what’s annoying.” (8)
The failure of practitioners explicitly to acknowledge in consultations the feelings of stigma and 

lack of control often associated with psoriasis was commonly reported in both primary and 
secondary care. (38)

Helpless and nihilistic 26,37–39,42,51,56
 “Bleak. I’m going to have this forever, I’m never going to get away from it, it’s going to ruin 

my life, I’m going to be an old maid.” (26)
 “There’s nothing you can do. There’s not a hope in hell that [creams] control it at all. 

There’s no point.” (39)
A feature of depression in this study was the feelings of helplessness and nihilism engendered 

by the ‘incurability’ of respondents’ psoriasis. Suicidal ideation was prominent in some 
participants. (26)

 (Continued)
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Themes, illustrative quotations, and text Contributing studies
Harboring shame and judgement 

Marked as unhygienic and contagious 2,5,7,11,19–22,25,26,37,39,42,44,51,53,55
 “My relatives do not come to our house…They say your disease is contagious and we might 

get infected.” (11)
 “People take a step back, it can be horrifying, they give you a funny look, as if you have 3 

heads.” (19)
Patients fear being stigmatized and fear that others will think the disease is contagious. (37)

Rejected and isolated 2,3,5,7,8,11,19,21,25,26,29,37,39,41,42,44,45, 
50,51,53,55,56 “We almost never talk about it, so I feel sort of alone with my disease and all that it entails.” 

(55)
 “I want to be a positive person and talk to other people. But the psoriasis stops me from 

seeking the contact I want with others. I’m afraid of rejection.” (55)
Hiding away and resenting own appearance 5,6,7,9,16,19–22,26,28,29, 32,37,38,41,42,48, 

50, 51,53,55,56 “The ability to disfigure has spoiled the best years of my life, turning what was beautiful into 
something ugly and undesirable.” (5)

For many, experiencing their own bodies as offensive, unattractive, and ugly was a source of 
feelings of sadness, vulnerability, irritation, and despair. (55)

 “Media stuff and the advertisements for the soft skin on television makes me feel 
embarrassed…it also makes me feel less attractive sexually to people, because I’m not 
the ideal, I’m not the perfect image.” (26)

Pain and embarrassment in intimacy 6,7,16,21,28,32,42,55
 “There’s no sex life. First of all, you don’t want to expose yourself…I’m single and I don’t 

want to think about dating because I’m not ready to share with a stranger.” (7)
 “It is frustrating. Skin should be smooth. Skin is contact. It is my closest contact with my 

surroundings. Expressions of love revolve around skin. Through skin. It is frustrating to 
have a damper placed on one’s contact with other people.” (55)

Negative effects on sexual experience encompassed physical effects such as mechanical friction, 
cracking, and pain and psychosocial effects such as embarrassment and feeling stigmatized. (7)

Demoralized by inadequacies and burden of therapy
Disappointed by unmet expectations of treatment benefit 2,5-10,17,21,24,27,37–40,42,44,46,51,54–56

 “It was a waste of time. I shouldn’t have gone because, I will be honest with you, I have 
probably got a cupboard full of medication that there is nothing I can do with.” (46)

 “That’s all I’ve ever felt since I got psoriasis, was frustrated. Frustrated that there wasn’t an 
answer, there wasn’t a solution.” (42)

Patients also expressed unrealistic expectations of their treatments and stated that their doctor 
had not communicated what to expect. (2)

Daily drudgery 3–5,45,50,51,53–55
 “You know, I grease whenever I want to. I can’t follow any kind of regimen, I have no time 

for that.” (45)
 “Treating your symptoms takes 2 and a half hours out of each and every day whilst the 

embarrassment of cleaning up continual masses of fallen ‘scales’ exhausts me.” (5)
Deterred by unpalatable or inconvenient treatments 2,4,5,9,13,19,22,32,37–39,41–45,49,51,54,55

 “Just the thought of taking more medication and taking that long term, that bit worries me.” 
(9)

 “It is just not natural” and “I don’t want this in my body.” (43)
 “And in the end when I’m up to fairly long times I feel like a dishrag afterwards…and then 

you ask yourself, is it worth it?” (44)
The burden of adhering to monitoring requirements was too much for some participants, who 

found accessing services at the appropriate time incompatible with other commitments. (9)
Disempowered by lack of personalized care 2,3,5,8–10,20–22,24,27, 38,39,43,45,46, 

49,52,54,56 “I was given nothing when I was first diagnosed, they never told me how I would feel, they 
never told me what my body would feel like. If I’d have had that at least I could have 
prepared myself.” (8)

 “You need to talk to us more as individuals because clearly…one size doesn’t fit all.” (10)
 “I have never experienced that health care personnel have asked me how I feel about my 

body.” (21)
 “After I got handed a bunch of cream with no details on how to use them, I totally lost the 

trust in doctors.” (49)
Participants suggested that their treatment tended to be prescribed on an arbitrary basis with 

little thought being given to how it may fit with their lifestyle. They wanted an agreed, 
personalized care plan that would fit into their daily lives. (10)

Table 2.   (Cont’d)

 (Continued)
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Dictating life choices and course. Participants viewed 
their disease as an overpowering force, described as a 
“monster” (18) or “the enemy within” (19) that “damaged” 
(20) their life. The disease changed their life trajectory and 

led to loss of opportunity in career, study, or relationships: “I 
was invited to join, go to the college, but I didn’t go because 
I couldn’t move or do anything, so I just stayed at home like 
a prisoner” (20).

Themes, illustrative quotations, and text Contributing studies
Gaining control

Making sense of the condition 3,10,14,19,21,22,35,38–40,42,45,46,52,54,56
 “I try to understand the disease, and I try to help myself as much as I possibly can…

whether it’s doing the [physical therapy] exercises every day or reading up on things or 
trying to maintain a reasonable diet.” (35)

 “It’s not my fault is one of the biggest things. By knowing all these things affect [psoriasis], 
it’s not something I’ve done…that’s made this happen…by having the leaflets…I felt 
more confident to go and sit and have breakfast in a coffee shop.” (40)

It was only under the conditions of becoming more informed about their psoriatic condition that 
participants felt sufficiently empowered to assume some control over the symptoms. (56)

Accepting a new health status 6,7,10,13,17,33,37,42,43,46,53,55,56
 “It has become a part of yourself; you learn to live with it.” (53)
 “I now understand the lifestyle implications of the condition and have adjusted my lifestyle 

appropriately…wearing nonabrasive clothing, eating more healthily.” (56)
Adaptation and acceptance: the need to adapt day-to-day routines and to acknowledge that 

such changes are necessary. (33)
Regaining independence and normality 9,40,41,49

 “If I could have anything it would be independence, it would be to be able to be as fast as 
everybody else, it will be able to drive my own car, go out when I wanted to go out, 
come in and lock my own front door, and not have somebody to come in to help with 
the shower.’’ (9)

 “I live alone and I want to keep my independence.” (9)
Engagement with the materials…encouraged an increased sense of personal control and/or 

prompted new ways of thinking about self management. (40)
Attuning to the body 8,13,15,35,37,41,49,55,56

 “Right, I’m having a lazy day today…I get the burning sensation, and then I think, right, just 
calm down now.” (35)

 “I try to exercise and eat well because, for me, a healthy body equals a healthy mind and a 
healthy mind will help to reduce my symptoms, as I will be less stressed.” (37)

“Listen to the body” was a state where the informants learned to understand their individual body 
signals and how the arthritis fluctuations affected them. (13)

Making confident treatment decisions
Trading off perceptible benefits against safety and convenience 2,4,9,18,22,23,24,37,42,43,45,46,49,54,55

 “Control of the disease is vital for us, that’s for sure, I definitely need control of the disease, 
but without the doctor I cannot have it, because there are no remedies I can use by 
myself.” (4)

 “It’s a balance of the quality of life and what you’re risking.” (23)
The need for efficient treatment exceeded the perceived risk and participants coped with these 

emotions by reconceptualizing the risk of experiencing side effects and the dream of being 
cured of psoriasis. (22)

Relying on family input 14,21,41,42,43,46,49,54,56
 “If my wife hadn’t supported me, I wouldn’t have coped with my psoriasis as well as I do.” 

(21)
Mothers were also portrayed as supporting and contributing to the cognitive aspects of decision-

making. (14)
Seeking empowering and reassuring relationships 8,10,18,21,22,27,39,42,43,45,46,52,54,56

Being interested in the patient’s needs, doubts, and fears, and a thoughtful response to these 
items were mentioned as important, as was the way of providing information about the 
medication and its side effects by the rheumatologist. (43)

 “You need someone who understands your situation there and then, why you have 
become who you are, no one knows, not even yourself. But to have a receiver, 
someone to sit down and talk with. That, I think is very valuable.” (45)

 “If there had been a better dialogue between me and the physicians, we would probably 
have found an efficient treatment for me earlier…I think I have an overview of what 
works for me and what doesn’t. I’m able to make decisions in collaboration with the 
physicians and the nurses.” (22)

* Direct quotes from study participants are in quotation marks. Text from the Results and Discussion sections of the articles is in italics. References 
cited on this table are available in Supplementary Appendix A, available on the Arthritis Care & Research web site at http://onlin​elibr​ary.wiley.com/
doi/10.1002/acr.23896/​abstract. 

Table 2.   (Cont’d)

http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23896/abstract
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Disrupting family and social roles. Pain and fatigue associ­
ated with psoriasis and arthritis took away independence and 
removed individuals from normal roles in the family: “It has a 
knock-on effect…on my work, my marriage, my poor husband” 
(21). Participants were worried about the effects of the disease 
on their family, describing themselves as a “burden” (20) or ques­
tioning their ability to support family.

Limited by debilitating symptoms. Skin symptoms were 
“burning” (22) and “painful” (22) to the extent that patients want­
ed to self-harm or “rip (their) skin off” (23). Pain and joint dys­
function were disabling, such that patients could not leave their 
house or even “brush their hair” (21). For patients who devel­
oped arthritis in addition to psoriasis, the burden of symptoms 
was viewed as cumulative and required a trade-off in improving 
skin and joint symptoms: “If I adjust my clothing to my rashes, 
my joints become cold which leads to more pain. If I dress warm 
because of my joint symptoms, my skin gets worse” (24).

Unstoppable and far-reaching fatigue. For participants with 
PsA, fatigue was beyond the typical tiredness. Instead, it was 
conveyed as an all-encompassing sensation of bodily shutdown: 
“like I needed plugging in…the battery had gone” (21). Fatigue 
was inextricably linked with a lack of motivation, loss of appetite, 
and bodily pain.

Weighed down by mental load. “The worry is always 
there that this is going to get worse and worse” (25).

Anxiety provoked by the volatility of symptoms. Participants 
were perpetually concerned by unpredictable symptoms. They 
were always on guard, awaiting an attack of skin or joint flare. 
For patients with psoriasis, their hypervigilance exacerbated 
emotional stress, paradoxically leading to a skin flare.

Dreading deterioration. Participants expected that their 
overall condition would “deteriorate exponentially” (20). Those 
with PsA believed they had lost normal function permanently and 
thus were unable to “visualize a future for themselves” (20). The 
speed of disease progression was also a concern.

Struggling with unrecognized distress. Patients felt un­
supported and sometimes angry due to the perceived lack of 
medical attention or understanding among their family and com­
munity about psychological symptoms: “I was about to break 
down mentally…I wrote it on the questionnaire…but none of the 
physicians or nurses asked me about it” (26).

Helpless and nihilistic. Patients believed they were 
“incurable” (27) and thought that treatment and medical care 
were futile. They struggled with having a lack of control over 
their disease, leading to hopelessness and a “bleak” (17) future. 
Some expressed suicidality and considered that death offered a 
better alternative than the torment of their condition.

Harboring shame and judgement. “You feel ostracized 
as if you were a monster. The only thing missing is pitch forks and 
torches” (18).

Figure 2.  Thematic schema. Patients with psoriasis and psoriatic arthritis contend with continual upheaval in their lives due to debilitating 
symptoms, fatigue, and disruption to normal roles. Shame associated with skin disease, social isolation, unrecognized mental health burden, 
and a perception of inadequate management further compounds their psychosocial burden. Patients attempt to cope by making sense of 
their condition, regaining independence, or adjusting to their new health status. Empowering therapeutic relationships that help patients gain 
confidence in management through perceptible benefit may overcome fears, meet previously unmet needs, and improve health-related quality 
of life.
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Marked as unhygienic and contagious. Patients with psoria­
sis reported being labeled as “dirty” (28) or “contagious” (29) and 
felt others avoided contact with them for fear of catching psoria­
sis: “My son was saying how disgusting it was. He didn’t like me 
touching him” (18). This generated embarrassment and shame 
in patients with psoriasis, prompting a guarded and distrustful 
approach in social interactions.

Rejected and isolated. Patients with psoriasis held a notion 
that they were “set apart” (17): “I feel as if I belong to a different 
race” (29). Being stigmatized by family members, having failed 
relationships or being bullied because of their condition caused 
them to feel alienated and segregated from others.

Hiding away and resenting own appearance. Patients with 
psoriasis internalized feelings of being “disgusting” because they 
observed that their skin repulsed others. For some females, 
regarding their skin as flawed led to a sense of reduced femininity: 
“I battled with feeling unfeminine, ugly…all the things that a young 
woman should not feel” (19). Patients were embarrassed in public 
by their skin or swollen joints, covered up and avoided situations 
where their skin was exposed, including sporting activities.

Pain and embarrassment in intimacy. Patients with psoriasis 
were self-conscious about their body in sexual encounters, even 
with established partners. The skin was regarded as intricate to the 
sensory aspects of intimacy, leading to a sense of being deprived 
of normal sexual activity. Particularly for men, physical pain due 
to genital psoriasis or peripheral and axial PsA also meant that 
participants refrained from being intimate with partners.

Demoralized by inadequacies and burden of therapy. 
“You need to talk to us more as individuals because clearly…one 
size doesn’t fit all. We know, unfortunately, that it is so different for 
each of us” (30).

Disappointed by unmet expectations of treatment benefit. 
Patients with psoriasis were disillusioned by the lack of response 
to treatment because they had expected that treatment would 
change their lives. This disappointment led some to feel trapped 
in a cycle of hopelessness in which a new medication provided 
initial hope but subsequently failed to live up to the expectation 
of cure. Some felt resigned to dissatisfaction when clinicians re­
inforced the hopelessness of treatment: “there’s nothing to be 
done” (29).

Daily drudgery. The routine of managing wet dressings, 
constant cleaning of skin flakes, and applying topical creams 
in psoriasis was an arduous daily task that consumed energy 
and time: “You sit there…and flake off…this can take hours and 
hours” (31). On the other hand, some patients describe the lib­
eration from daily applications and cleaning afforded by effective 
and more convenient treatments such as biologic therapies.

Deterred by unpalatable or inconvenient treatments. Topical 
treatments for psoriasis were “smelly” (32) or “greasy” (32), while 
disease-modifying antirheumatic drugs (DMARDs) were viewed 
by some as “poison” (33) with the potential for organ damage 

or to shorten their lives (26). For some, the need for constant 
monitoring of treatment with regular blood tests and clinical re­
view exacerbated the fear of long-term medication use. Some 
discontinued medications because of the cost, having limited 
access to blood test monitoring, and to avoid side effects, in­
cluding fatigue and loss of appetite. For some, competing pri­
orities meant they could not access treatments such as daily 
ultraviolet therapy.

Disempowered by lack of personalized care. At diagnosis, 
participants felt that information given by clinicians did not pre­
pare them for facing the impacts of disease on their lifestyle. 
Management was perceived to be automated, mechanistic, or a 
series of trial and error (30): “If I go back to see my dermatologist 
for ‘thirty seconds,’ he just fills out the prescription” (34). Partic­
ipants felt disregarded if concerns about body image or mental 
health were not broached or addressed properly in clinical con­
sultations. Some who reported having short consultations with 
their clinician felt “robbed” (32) by being excluded from treatment 
decision-making.

Gaining control. “The most important thing is to do my job, 
and I’m managing that. When I come home, I mostly sleep. I don’t 
have enough energy to be social” (35).

Making sense of the condition. Receiving information and 
education empowered participants to gain a sense of control 
over their psoriasis and made them feel valued by their doctors. 
Of particular importance was understanding the pathophysiolo­
gy of their condition, comprehending the link between psoriasis 
and arthritis, and gaining broader knowledge of the treatment 
available: “I didn’t even know there were things for psoriasis oth­
er than the ointment” (36). Using written information as a tool to 
engage patients in care was just as important as the information 
conveyed: “It would open up a conversation” (36).

Accepting a new health status. Learning to adjust to a 
chronic disease and accept a different lifestyle involved changing 
daily hygiene routines and choosing appropriate clothing. Some 
strived to “learn to live with it” (24) or “not let it get (them) down” 
(37).

Regaining independence and normality. Regaining inde­
pendence and a sense of normality was a triumph over illness: 
‘‘If I could have anything it would be independence…to be able 
to be as fast as everybody else…able to drive my own car, go 
out when I wanted to go out, come in and lock my own front 
door  and not have somebody to come in to help with the 
shower’’ (25).

Attuning to the body. Patients with PsA learned to rec­
ognize bodily pain and fatigue earlier, such that flares of pain 
could be avoided. Mindfulness techniques and relaxation 
methods were used to slow pain down and reduce stress as­
sociated with skin flares. Proactive changes to diet, exercising, 
and adopting a healthy lifestyle were perceived to help control 
disease.
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Making confident treatment decisions. “I have always 
said I want a good quality even though it is short; I don’t want to 
live until I am 90 and be curled up in a ball somewhere. I would 
rather keep taking the injections and keep going” (25).

Trading off perceptible benefits against safety and conve
nience. Patients with psoriasis and PsA wanted to see and feel 
tangible change after taking the medications, which would miti­
gate fears of medication use: “Patients spoke about pain and not 
about the preventive effects of taking DMARDs for potential joint 
damage” (33). Willingness to accept a biologic therapy was higher 
among those who had already used and experienced the benefits 
of a biologic. For these patients, fear of needles and side effects 
was outweighed by perceptible experience of benefit (18).

Relying on family input. Participants depended on family 
members and partners to provide support in the management of 
psoriasis and arthritis. Encouragement from wives to seek med­
ical care was described as a stabilizing influence for males oth­
erwise disengaged from medical care. Family members or close 
friends referenced their own experiences of illness and medica­
tion taking and influenced patients’ decisions to accept or de­
cline therapy. This influence could either negatively or positively 
affect patient attitudes toward willingness to accept treatment. 
For young patients with inflammatory arthritis, including PsA, 
mothers reinforced positive attitudes by supporting treatment 
decisions and monitoring adherence.

Seeking empowering and reassuring relationships. Patients 
wanted continuity of care with clinicians who were experts in 
treating psoriasis and PsA. Within a consult, patients valued care 
that used active listening and was individualized, with considera­
tion of issues beyond physical symptoms, such as mental health 
and stigmatization. Trust and an empathetic communication 
style were highlighted as reasons to accept and initiate disease-
modifying drugs. Participants who felt that clinicians acknowl­
edged their fears and doubts about medications, such as the risk 
of long-term organ damage or side effects, were more willing to 
accept treatment. Patients expected clinicians to balance com­
peting messages of reassurance in their management, informing 
patients of the potential limitations of treatment efficacy, but also 
conveying confidence and optimism in their management.

DISCUSSION

Patients with psoriasis and PsA felt that the disease dis­
rupted the course of their life, work, and family roles and could not 
be controlled. They feared deterioration of their clinical condition 
and felt that their concerns and distresses were trivialized by oth­
ers. Patients felt burdened by treatment inadequacy, and immu­
nosuppressive medications were regarded as toxic and causing 
long-term organ damage. They felt empowered when they devel­
oped an understanding of the pathophysiology and link between 
psoriasis and arthritis and gained a broader insight into treatment 
options to advocate for their use.

Most of these concerns were consistent across patient pop­
ulations. However, some differences were apparent based on 
patient demographic, the type of disease, and experience with 
immunosuppressive medications. Some females were concerned 
with bodily shame impacting on their self-esteem and intimacy (38). 
Men with genital psoriasis had greater concerns about impacts 
on sexual health due to physical pain (37). Younger patients with 
PsA relied heavily on family and their mothers in making treatment 
decisions (39). Some males needed the support from their female 
partners to engage in therapy. Fatigue was severe and pervasive 
for patients with PsA in particular. Feeling contagious, having bod­
ily shame, and the drudgery of daily treatment routines were spe­
cific to patients with psoriasis. Compared to patients who had 
never used biologic medication, patients who had experienced 
biologic medications were less likely to fear side effects due to the 
perceptible benefits seen and felt.

Patients with other rheumatic and skin conditions have 
expressed similar challenges and beliefs compared with our find­
ings. Stigmatization attributed to visible changes in the skin have 
also been reported among patients with systemic sclerosis (40). 
Similar to a recent study on the goals of patients with rheumatoid 
arthritis (41), patients with PsA and psoriasis valued treatments 
due to perceptible improvement (symptom alleviation and achiev­
ing independence) over preventing damage.

In this review, we used established methodology and soft­
ware to systematically assess and code all relevant data (14,16). 
Triangulation among researches in analyzing the findings ensured 
that the full range and depth of data were reflected in the find­
ings. However, there are some potential limitations to the study. 
We recognize that the majority of studies were performed in pre­
dominantly English-speaking, high-income countries, and thus 
the transferability of the findings to other populations is uncertain. 
Due to ethical and feasibility reasons, we were unable to analyze 
the primary qualitative data of included studies. There were rela­
tively few studies in PsA, highlighting the need for further research 
in this population.

There are a number of implications for the care of patients 
with psoriasis and PsA arising from this review. The experience of 
dealing with 2 overlapping conditions created a cumulative bur­
den compared to patients with inflammatory arthritis or psoriasis 
alone. Several new biologic agents are now available for treatment 
of moderate-to-severe psoriasis and PsA. Treatment regimens for 
psoriasis patients should be tailored to meet the specific needs 
of the disease severity, the impact on quality of life, the response 
to previous therapies, and the presence of comorbidities such 
as PsA (42,43). While the prevalence of depression and anxiety 
in these conditions is higher than in the general population (44), 
specific factors that contribute to this problem are less well under­
stood and emphasized in the clinical setting. Our review shows 
that the psychosocial impacts of disease are severe, with a sense 
of feeling controlled by disease, shame about skin, and lack of 
recognition of emotional concerns compounding the patient’s 
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mental health burden. Mood disturbance and skin stigmatiza­
tion should be actively addressed in medical consultation in both 
diseases. Using validated mental health screening tools, such as 
the Hospital Anxiety and Depression Scale, has been shown to 
improve the rate of depression and anxiety diagnosis in PsA (44). 
Our review also highlights the need for patients to feel that their 
mental health is not only uncovered but adequately managed. 
Health services must be able to provide timely and appropriate 
mental health referral for patients when illness is discovered.

As with other types of inflammatory arthritis (45), patients are 
concerned about long-term use of systemic immunosuppressive 
therapies because of potential organ damage. Blood test monitor­
ing used to ensure medication safety does not necessarily reas­
sure patients because they may interpret the need for monitoring 
to be a warning sign of the inherent toxicity of medications. These 
perceptions are at odds with cohort studies, showing that sys­
temic therapy reduces the risk of cardiovascular events in patients 
with psoriasis (46) and PsA (47), potentially improving mortality 
(48). Addressing misconceptions of treatment harm, reinforcing 
messages of reducing cardiovascular risk with adequate disease 
control, and reassurance about monitoring may help reduce anxi­
ety and improve confidence in taking disease-modifying therapies.

Patients with PsA have less immunosuppressive treatment 
and more persistent disease activity compared to patients with 
rheumatoid arthritis (7), and there are low levels of reported use 
of systemic therapies (49). This analysis shows that initial treat­
ments (particularly topical) may be perceived as inefficacious 
and coupled with management viewed as automated and may 
have lasting harmful effects on patient engagement with effective 
therapies. Addressing negative perceptions of prior treatment  
is important because current guidelines mandate a therapeu­
tic pyramid, whereby the therapies with the most evidence and 
efficacy are prescribed after failure to the least effective medi­
cations. Efforts are needed to address these initial expectations 
and dissatisfaction with treatment. Our analysis showed that 
patients wanted empathetic medical encounters that built trust 
and actively addressed their concerns of medication taking. In 
psoriasis, improving patient-provider relationships through effec­
tive communication, which builds therapeutic trust and empower­
ment of patients through education about their disease, improves 
patient adherence and treatment efficacy (4). While patients 
wanted greater satisfaction in treatment, they also expected real­
istic advice on potential treatment efficacy. Anticipating a realistic 
expectation of disease management, making patients aware of 
treatment options, signposting the plan for therapeutic escalation, 
and reassurance in the therapeutic journey may mitigate against 
treatment disengagement.

Guidelines (12,13) highlight the need for shared decision-
making between patients and clinicians. This review highlights 
the perception that management is not viewed as a shared deci­
sion, echoing a recent review on shared decision-making in pso­
riasis (50). Compared to usual care, patient decision aids have 

been shown to improve participation in care and align care with 
patient preferences (51). Patient decision aids have been shown 
to be useful in rheumatoid predominant inflammatory arthritis (52), 
and they have been minimally studied in psoriasis and PsA, with 
no clarity on their effectiveness (50). There is a need for further 
research in psoriasis and PsA to optimize and evaluate shared 
decision-making models in these conditions.

Patients with PsA and psoriasis contend with psychosocial 
challenges due to a sense of life disruption, fear of deterioration, 
and the perception of their mental health burden and unmet treat­
ment needs. Validation of this burden, aspiring to a holistic man­
agement approach, and addressing low treatment expectations 
and fear of medications may build trusting therapeutic relationships 
and improve overall quality of life and engagement with medical 
therapy.
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Multicenter Qualitative Study Exploring the Patient 
Experience of Digital Ulcers in Systemic Sclerosis
Michael Hughes,1  John D. Pauling,2  Jennifer Jones,3 Christopher P. Denton,4  Robyn T. Domsic,5  
Tracy M. Frech,6  Ariane L. Herrick,7 Dinesh Khanna,8  Marco Matucci-Cerinic,9 Lorraine McKenzie,10  
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Objective. Digital ulcers (DUs) are a major cause of disease-related morbidity and are a difficult-to-treat vascular 
complication of systemic sclerosis (SSc). Demonstrating treatment efficacy has traditionally focused on clinician 
assessment of DUs alone. No existing patient-reported outcome (PRO) instrument captures the multifaceted impact 
of SSc-DU. We report the findings of a multicenter qualitative research study exploring the patient experience of 
SSc-DU.

Methods. Patient focus groups were conducted across 3 scleroderma units, following a topic guide devised by 
SSc patients, experts, and experienced qualitative researchers. A purposive sampling framework ensured that the 
experiences of a diverse group of patients were captured. Focus groups were audio recorded, and information was 
transcribed, anonymized, and analyzed using inductive thematic analysis. We continued focus groups until thematic 
saturation was achieved.

Results. Twenty-nine SSc patients with a history of DU disease participated in 4 focus groups across the UK 
(Bath, Manchester, and London). Five major interrelated themes (and subthemes) were identified that encompass 
the patient experience of SSc-DU: disabling pain and hypersensitivity; deep and broad-ranging emotional impact; 
impairment of physical and social activity; factors aggravating occurrence, duration, and impact; and mitigating, 
managing, and adapting.

Conclusion. The patient experience of SSc-DU is multifaceted and comprises a complex interplay of experiences 
associated with significant pain and morbidity. Patient experiences of SSc-DU are not captured using existing SSc-DU  
outcomes. Our findings will inform the development of a novel PRO instrument to assess the severity and impact of 
SSc-DU for use in future SSc-DU clinical trials.

INTRODUCTION

Digital ulcers (DUs) are a major cause of pain and disability in 
patients living with systemic sclerosis (SSc) (1). DUs are common, 
with approximately half of patients reporting a history of ulceration, 
and 5–10% of patients with SSc at any time have a current ulcer 
(2,3). DUs have a major impact on the quality of life and hand 

function, including occupation (4). Although we have a number 
of treatments available to both prevent and heal SSc-DU (5–8), a 
third of patients are affected by refractory DU disease (9).

In general, demonstrating treatment efficacy in previous clini-
cal trials has been based on clinician assessment of ulcer healing 
and/or new ulcer occurrence alone (1). However, the agreement 
among SSc experts to classify SSc-DU is poor to moderate at 
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best (10–12). Interrater agreement is not improved with the provi-
sion of clinical (real-world) contextual information (e.g., the severity 
of pain and duration of the lesion) (11). Recent negative clinical 
trials of promising therapies for SSc-DU (13,14) have led to calls 
for a fresh approach to establishing treatment efficacy in SSc-DU 
(15–17).

No studies have specifically explored the patient experience 
of SSc-DU, although studies examining broader symptom burden 
in scleroderma have identified the major impact that SSc-DU can 
have for patients, as the following quotation attests: “The pain that 
you felt in your fingers as they were dying was so excruciating that 
you almost begged to say please cut it off” (reproduced from [18]).

Previous attempts to quantify the impact of SSc-DU have 
used legacy patient-reported outcome (PRO) instruments to 
assess broader aspects of SSc disease severity and function 
(19,20). There was limited or no SSc patient participation in the 
development of many of these instruments (21). The patient per-
spective captured by PRO instruments provides insight into the 
patient experience of disease that can not be assessed using 

clinician-reported instruments (22). Regulatory bodies, such as 
the Federal Drug Administration, seek target patient popula-
tion involvement in PRO instrument development to ensure that 
instruments fully capture the way patients feel and function (23). 
A thorough understanding of the patient experience of SSc-DU 
is necessary to ensure that a future PRO instrument captures 
the multifaceted impact of DUs. Against this background, the aim 
of the current study was to comprehensively explore the expe-
riences, attitudes, and perspectives of patients with SSc-DU. A 
further aim was to inform the development of a future SSc-DU 
PRO instrument.

PATIENTS AND METHODS

Study management. The development and conduct of 
the study were overseen by a dedicated steering committee that  
comprised SSc experts (MH, JDP, CPD, RTD, TMF, ALH, DK, MM-C,  
LAS), 2 patient research partners, and a team of experienced 
qualitative methodologists. The study was approved by the East  
Midlands–Nottingham 1 Research Ethics Committee (18/EM/0018),  
and all participants provided written informed consent.

Study design. A multicenter qualitative research study 
comprising patient focus groups was undertaken at scleroderma 
centers across the UK (Bath, Manchester, and London). Patient 
focus groups create an open environment in which a broad range 
of experiences can be expressed and explored and can often 
enable some (but not necessarily all) sensitive issues to be dis-
cussed more freely than in a one-to-one interview setting (24).

Participants. Adult SSc patients (ages >18 years) with 
a history of SSc-DU, fulfilling the 2013 American College of  
Rheumatology/European League Against Rheumatism classification  
criteria for SSc (25), and with sufficient language skills to par-
ticipate in a focus group discussion were enrolled. A purposive 
sampling framework ensured the enrollment of a diverse cohort 
comprising a 60:40 split between limited and diffuse cutaneous 
SSc (26), early and established disease (≤3 and >3 years since 
first non-Raynaud’s phenomenon symptom, respectively), a spec-
trum of historical DU disease, sex (aiming for 5:1 female predom-
inance), and ethnicity (e.g., with Caucasian and Black British). 
The focus groups sought to include 6–10 participants to enable 

SIGNIFICANCE & INNOVATIONS
•	 Existing systemic sclerosis (SSc)–digital ulcer (DU) 

outcome measures do not capture the complete 
patient experience of SSc-DU.

•	 The patient experience of SSc-DU comprises inter-
related factors that contribute to the significant 
morbidity of SSc-DU.

•	 Five major interrelated themes were identified: 
disabling pain and hypersensitivity; deep and 
broad-ranging emotional impact; impairment of 
physical and social activity; factors aggravating 
occurrence, duration, and impact; and mitigating, 
managing, and adapting.

•	 The interplay between the themes suggests that 
the presence of SSc-DU can have a considerable  
impact on patients’ physical and psychological 
wellbeing, impairing physical and social activities, 
and that patients expend great effort in remaining  
vigilant and managing their condition, often in  
innovative ways.

•	 Our findings can be used to inform the develop-
ment of a novel patient-reported outcome instru-
ment to assess the severity and impact of SSc-DU.
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open discussion, while ensuring that each participant had the 
opportunity to express their personal experiences, interact, and 
offer alternative opinions should they wish. A minimum of 2 to 3 
focus groups was expected to be necessary to achieve thematic 
saturation, but the intention was to continue enrollment until there 
was consensus that no meaningful new experiences were being 
shared by participants or that warranted further exploration by the 
investigators (27).

Data collection. Each focus group lasted approximately 1 
hour and all were facilitated by MH, with the first focus group also 
facilitated by JDP and AM to ensure that there were no issues 
including a need to revise the topic guide (which was not the case). 
Focus groups were facilitated by rheumatologists (MH and JDP) 
with experience in the clinical heterogeneity and management of 
patients with SSc. Focus groups were held within hospitals but 
outside of clinical areas, in a quiet ambient environment without 
external distraction. The focus group lead facilitator (MH) is a rheu-
matologist with an interest in SSc and was not directly involved in 
the clinical care of the participants. JDP is a rheumatologist with an 
interest in SSc, and AM is an experienced qualitative researcher/
methodologist. A relaxed environment in which each participant’s 
views were sought, valued, and respected enabled individuals to 

share experiences of SSc-DU, and that setting allowed others to 
express similar or opposing views. The focus groups were audio 
recorded, and information was subsequently transcribed verba-
tim, with all the context anonymized. A topic guide was developed 
with input from the study steering committee (see Supplementary 
Appendix A, available on the Arthritis Care & Research web site 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.24127/​abstract). 
Each focus group started with broad open questions asking par-
ticipants to describe their experience of their disease and DU his-
tory. Focus groups adopted an adaptive study design enabling 
incompletely explored or newly emerging themes to be investi-
gated to ensure that thematic saturation was achieved.

Data analysis. Qualitative analysis was conducted by JJ 
and AM, both experienced qualitative methodologists, with fur-
ther input from the wider team (MH, JDP, RG-H, and patient part-
ners). NVivo 11 software was used to manage and interrogate 
the data. Transcribed data were analyzed using thematic analy-
sis (27). First, JJ read and reread transcripts to ensure familiarity 
with the content. Information relevant to patients’ experience and 
understanding of DUs was then coded using descriptive labels. 
Codes that occurred repeatedly, or that shared conceptual simi-
larities, were then grouped together to form initial categories. The 

Table  1.  Demographics and clinical phenotype of enrolled participants according to purposive sampling 
framework*

Demographics/clinical 
phenotype Bath Manchester London (1) London (2) Overall

Participants 8 7 6 8 29
Age, mean ± SD years 66.1 ± 12.6 61.6 ± 12.2 50.4 ± 12.4 59.5 ± 12.8 59.9 ± 13.3
Sex F:M ratio 7:1 7:0 3:3 3:5 20:9
Disease subtype

LcSSc 8 6 2 4 20
DcSSc 0 1 4 4 9

RP duration, mean ± SD years 20.7 ± 19.9 17.9 ± 15.9 23.1 ± 22.1 13.6 ± 9.5 18.5 ± 16.6
Disease duration, mean ± SD years† 14.3 ± 11.2 10.9 ± 7.3 13.9 ± 12.6 13.2 ± 12.2 12.8 ± 9.7
Early vs. established disease‡

Early 0 1 1 0 2
Established 8 6 5 8 27

History of DU
1 previous 1 1 0 1 3
2–4 previous 3 3 2 1 9
≥5 previous 4 3 4 6 17

Ethnicity
White/Caucasian 7 6 5 5 23
Black British 0 1 1 2 4
Asian 1 0 0 1 2

Vasodilator medication used§
None 1 2 1 2 6
Calcium channel blocker 5 2 1 2 10
Phosphodiesterase type-5 inhibitor 5 4 4 5 18
Endothelin receptor antagonist 3 2 2 2 9

* Values are the number unless indicated otherwise. LcSSc = limited cutaneous systemic sclerosis; DcSSc = diffuse 
cutaneous systemic sclerosis; RP = Raynaud’s phenomenon; DU = digital ulcer. 
† Since first non-RP symptom. 
‡ Early and established disease (≤3 and >3 years since first non-RP symptom, respectively). 
§ Indication not specified and includes SSc-RP, SSc-DU, SSc-pulmonary artery hypertension, and/or systemic 
hypertension/cardiovascular risk. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24127/abstract
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initial set of codes and categories was then discussed with the 
wider team (MH, JDP, RG-H, and AM) to ensure they captured all 
elements from the focus group. The coding framework was then 
applied to subsequent transcripts, and any newly identified codes 
were added as appropriate. The focus group facilitators decided 
when data saturation had been reached (28). Codes were col-
lated and grouped into themes and subthemes. Coded data 
within each theme were checked to ensure internal coherence (fit 
within the pattern of the theme) and external representativeness 
(fit within the whole data set). JJ and AM regularly discussed the 
conceptual development of the themes and subthemes and an 
analysis debriefing meeting was convened involving JJ, JDP, RG-
H, and AM to discuss the final theme groupings and the concep-
tual map describing the interrelationship of the respective themes.

Our approach was both deductive, in the sense that the 
research team examined preconceived considerations on the 
impact of DUs (derived from an earlier comprehensive literature 
review (20) and how participants understood and managed them, 
for the purposes of developing a PRO instrument, and inductive, 
in the sense that there was no preexisting coding frame and the 
developing codes were derived from and grounded in the data 
themselves (29).

RESULTS

Twenty-nine patients with SSc participated in 4 focus groups 
conducted in Bath (n = 8), Manchester (n = 7), and 2 focus groups 
in London (n = 6 and n = 8). Our a priori purposive sampling frame-
work ensured that we studied a broad population of patients with 
SSc and DU disease (Table  1). Thematic saturation was felt to 

have been achieved after 4 focus groups.
Five major themes emerged that together constitute 

the patient experience of SSc-DU: 1) disabling pain and 
hypersensitivity, 2) deep and broad-ranging emotional impact, 3) 

impairment of physical and social activity, 4) factors aggravating 
occurrence, duration, and impact, and 5) mitigating, managing, 
and adapting to ulcers. The 5 constituent themes (and sub-
themes) can be arranged within a conceptual map of the patient 
experience of SSc-DU (Figure 1).

Theme 1: disabling pain and hypersensitivity. 
Our study found that pain is a cardinal symptom of SSc-DU 
and is often very severe (question [Q]1–4) (Table  2). Partici-
pants used a wide range of words and phrases to describe 
the severity of pain such as: “excruciating,” “pain that could 
reduce you to tears,” “agonizing,” and “unbearable.” Partic-
ipants often described the pain as pulsatile or throbbing in 
nature (Q5, Q6), including a pressure-like effect (Q7). Not all 
participants used the word “pain” to describe the physical dis-
comfort of SSc-DU; other expressions included “soreness,” 
“tenderness,” or “discomfort.” The level of reported pain was 
often considered as being disproportionate to the size of the 
DU (Q8). DU pain can radiate to the other digits and proxi-
mally (Q9, Q10). Coexistent infection of the ulcer increases 
DU pain (Q11), and some participants reported that changes 
in temperature can worsen DU pain (Q12, Q13). Many partic-
ipants described pain in the areas where previous ulcers had 
occurred, whereas others said the area was tender, sore, or 
sensitive and could be aggravated by touch or exposure to 
cold (Q13–15). Other sensations in areas of previous ulcers 
included tingling nerve-like sensations and partial or complete 
numbness (Q16, Q17). One participant said, “It’s never the 
same again” (participant 6, Manchester group) when talking 
about the area where previous ulceration had occurred. Due 
to the severity of DU pain, some participants suggested that 
invasive procedures (including digital amputation) may be 
both necessary and appropriate to relieve symptoms (Q1, Q4, 
Q5, Q7, Q18, Q24). Across all the focus groups, participants 

Figure 1.  A conceptual map comprising the 5 major interrelated themes that constitute the patient experience of digital ulcers and systemic 
sclerosis.. The manifestation of pain that is often unbearable affects both the day-to-day functioning of the individual and their psychological well-
being. For example, an inability to physically manipulate the world through their hands can lead to avoidance of activities or social interaction and 
subsequently cause low mood. This impairment can be supported through the use of aids and devices, such as gloves, or with help from other people.
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talked about the need to validate the pain they experienced 
with friends, family, and colleagues (Q19–22). Participants 
described the severity of their ulcers in different ways. These 
included the need for hospitalization, the time to heal, changes 
in their life (e.g., giving up work or hobbies) due to ulcers, 
and previous/risk of amputation (Q23, Q24). There was a wide 
variety in the reported location (fingertips, over the small joints, 
under the nails, and on the sides of the fingers) of DUs among 

participants. Some experienced ulcers in different locations on 

the hands, whereas others tended to only get ulcers in 1 area.

Theme 2: deep and broad-ranging emotional impact. 
Related to the severity of pain, most participants shared a constant 
fear of the development of new DUs (Q25), and many considered 
the development of further lesions inevitable (Q26, Q27) (Table 3). 
Participants experienced anxiety/uncertainty regarding how severe 

Table 2.  Quotes supporting the “disabling pain and hypersensitivity” theme of the patient experience of SSc-DU*

Subtheme: Q  
(subject and group) Quotation

Pain:
1 (P1 M1) The pain is just unbearable, in fact you just want to chop your finger off, don’t you? You think, well, I’d rather have 

my finger chopped off than have that pain. I’ve got to the point where I think just take it off. I can’t stand it.
2 (P8 B1) When the pain is really bad you, you just rock back and forward like this.
3 (P1 M1) The pain, I just wanted to sit on the floor and cry…the pain is the worst thing I’ve had.
4 (P6 M1) I just want it off. It needs to go, it gets that bad. You think, sorry, you feel like you want to bang your head to refer 

the pain somewhere else, just to relieve it.
Pulsatile/throbbing:

5 (P7 L2) You just want to take your finger off, that’s how bad it is. The pulsating pain…
6 (P7 L2) Like someone’s getting a nail and hammering a nail right through the tip…And keep going and going, because it 

just keeps going through the finger.
Pressure: 7 (P2 B1) If I could have taken my nail off just to release the pressure I would have done.
Pain disproportionate to 

ulcer size: 8 (P5 M1)
It’s quite incongruous the amount of pain from the minimal amount of disruption to your thumb.

Radiation:
9 (P2 B1) The pain started actually in the finger bed, and I could feel it tracking along the finger and it dipped down into 

the first joint, so I could actually feel the pain in between the 2 joints.
10 (P7 B1) So the ulcer is in the middle but I’ll still get pain in the index and ring finger, which is equivalent to the ulcer pain 

but there’s nothing there.
Infection: 11 (P5 L1) I try not to get mine infected because then the pain level goes up.
Temperature:

12 (P2 L1) It’s almost impossible to go in, in the summer when they’ve got the air conditioning on, it’s not just the frozen 
aisles, it’s the whole supermarket…if you’ve got an ulcer, the change in temperature will make the ulcer 
sensitive like a nerve, you can really feel it.

13 (P1 B1) I don’t go near the freezer for that reason, but even a cold bottle of milk in the winter, if you take it out of the 
fridge that’s enough to set things off…where I’ve had the ulcers, particularly that one it, it becomes painful.

14 (P3 M1) It’s really tender if I just catch me finger now, but luckily I haven’t had any more since then, it just left a lot of 
tenderness on, on the tips of me fingers… it’s just the pain where I had the ulcer that’s where it’s straight away, 
the cold, as soon as I go out.

Pain/sensitivity at sites of 
past ulcers:

15 (P1 L1) It’s the very end of the fingers, it’s extremely sensitive, and it doesn’t matter if it looks like an ulcer sort of wound, 
or it might be completely healed up, it can still be extremely sensitive to touch.

16 (P3 B1) Just a slight tingly nerve sensation now, no pain. 
Numbness at sites of past 

ulcers: 17 (P1 B1)
It’s a bit numb.

Considered need for 
invasive procedures: 
18 (P7 M1)

It’s just so painful that the idea of cutting my finger open to take it out seems better than having that pain all the 
time.

Need to validate pain:
19 (P4 B1) Going back to what you said just now about people seeing it, sometimes you almost want to show, because you 

can’t explain the pain you get with them, you almost want to show people this is what it’s causing. My family’s 
seen them obviously but I couldn’t get it across.

20 (P1 B1) Seems a bit feeble ringing and saying I can’t come to work ‘cause my finger’s hurting, doesn’t it?
21 (P2 L1) Some people don’t understand the pain we’re going through.
22 (P1 M1) But you could cry with them, it is, you could sit down and cry, and you can’t explain to anyone in your family how 

bad the pain is.
Description of severity:

23 (P5 L1) It was very difficult to be an electrician. I think the difficulty is the severity of the winter, as you get the ulcer 
appear during the winter and then it’s the amount of time after the winter they take to heal up.

24 (P5 B1) I’ve had the 2 digital ulcers, touch wood that’s healed up. I thought I was going to lose this finger at 1 stage.

* Q refers to the numbered quote cited in the text. SSc = systemic sclerosis; DU = digital ulcer; P = participant; B1 = Bath group; M1 = Manchester 
group; L1, L2 = London groups. 
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each ulcer would be, whether they were treating the ulcer correctly, 
and how long it would take the ulcer to heal (Q28). Although most 
participants did not explicitly say that ulcers caused them depres-
sion (Q29), they mentioned many associated emotions (in addition 
to anxiety and embarrassment), including uncertainty/fear for the 
future and anger (Q29–32). Participants described the need for 
a constant level of vigilance to prevent the development of new 
DUs and infection of intercurrent ulcers (Q33, Q34). Participants 
described many different emotions associated with the ulcers, 
from panic, anxiety, fear, and irritability to anger (Q35). Participants 
did not forget about the past impact of the ulcers, and some 
described frightening times (with current ulcers) when they were 
perhaps unsure whether they would need to have part of their fin-
ger amputated (Q24). Patients also experienced embarrassment 
and distress due to the physical appearance of SSc-DU and took 
a range of actions to hide DUs from others (Q36–40).

Theme 3: impairment of physical and social activity. 
The physical and psychological impact of SSc-DU was closely 
related to impact on physical and social functioning (Table  4). 
Patients’ interactions with the world and other people were 
characterized by an avoidance of pain and a constant vigilance 
during physical and social interaction. Participants reported how 
DUs impacted their ability to use their hands during activities of 
daily living (Q41–46), including self-care/grooming (Q38, Q47, 
Q48), hobbies (Q49), and domestic activities (e.g., cooking and 
household chores) (Q13, Q50, Q51). Activities of daily living that 
were taken for granted became foregrounded, such as the ability 
to reach their hands into pockets, a bag, or a purse (Q45, Q52, 
Q53), difficulty driving (Q30, Q54), sleeping (Q55), and challenges 
when shopping (Q12, Q56, Q57). The impact of DUs on work 
varied among the participants. For some participants, ulcers had 
not severely impacted their work, whereas others had to change 

Table 3.  Quotes supporting the “deep and broad-ranging emotional impact” theme of the patient experience of SSc-DU*

Subtheme: Q (subject  
and group) Quotation

Fear: 25 (P1 M1) I don’t particularly want to go out when I’ve got one because I’m so frightened of getting in the car and 
banging or, you know, picking my keys up and banging it.

Unavoidable recurrence of DUs:
26 (P5 L1) I don’t know if it’s a good or bad thing but I’ve got used to having them, so it becomes a way of life…when 

I used to maybe have 1 a year, I used to think it was quite a big deal but then since getting 5 or 6 a year, 
it doesn’t become a big deal any more, you just get used to it.

27 (P4 L2) Because you can probably guarantee you are going to get another one sometimes…I don’t see how you 
can prevent it, if it’s going to happen, it’s going to happen. I don’t see how it could be.

Anxiety/uncertainty: 28 (P7 M1) I’m still learning about the whole thing so it changes every day. I call it the Hunger Games, when 
something starts to get better something else happens and you don’t know what is happening, so the 
answer is I don’t know what brings them, I don’t know what I do wrong or not wrong…it’s one of the 
worst things about the disease because it makes you scared and it makes you nervous, irritable.

Depression/anger/uncertainty 
about the future:

29 (P2 L2) It affected me quite a bit, yes…it really depressed me at that time.
30 (P1 M1) It’s like a black cloud, isn’t it? It doesn’t tend to go away, does it? Some days you just think, well, I’m not 

thinking about it and then other days it gets you down a bit, don’t it?”
31 (P7 M1) Just angry all the time, because you have to be conscious and you can’t relax.
32 (P6 L2) It really, it ruins the day, it changes your life.

Constant vigilance:
33 (P3 M1) You do feel very cautious, if you, if you do have a bang then you’re more aware that you’re not to do 

things for the next few days in case it goes really bad.
34 (P1 M1) Well I’ve got to be particularly careful now if me nails grow, especially at the side I’ve got to try and cut 

them…and then of course you’re worried when you cut them that you’re not going to do any damage 
as well, so it’s a bit difficult really.

Anger: 35 (P7 M1) Just angry all the time because you have to be conscious and you can’t relax… And it affects you, yes, it 
affects you and it affects the kids, it affects everything around you. You have to tell yourself all the 
time, you’ve got this, you have to, you have to remember your hand all the time.

Embarrassment/hiding/protecting 
ulcers:

36 (P8 B1) I used to hide mine under the table cloth at a function…Embarrassment, probably.
37 (P4 B1) You don’t want other people to be distressed at seeing them, also it’s protection against infection.
38 (P2 B1) So I kept them covered up and I’ve got photographs in my bag that I took for my own record really, you 

know, and my son said last time “don’t you let me see those, I don’t want to see them,” but even the 
doctors never looked at my fingers when I had the ulcers.

39 (P7 L2) Sometimes it looks awful, all the skin peeled back and it’s all exposed, yeah, you just hide it…I just don’t 
want people to look at it as well, I feel conscious sometimes.

40 (P4 B1) If I was going out to a social function or meeting friends or something I would put plasters on, because 
it’s better for someone to see plasters than, you know, and your friends get used to the fact of, how’s 
your hands, you know.

* Q refers to the numbered quote cited in the text. SSc = systemic sclerosis; DU = digital ulcer; P = participant; B1 = Bath group; M1 = Manchester 
group; L1, L2 = London groups. 
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Table 4.  Quotes supporting the “impairment of physical and social activity” theme of the patient experience of SSc-DU*

Subtheme: Q (subject and group) Quotation
Hand function and activities of 

daily living:
41 (P1 L1) Just trying to handle things with your fingers, you just have to careful you don’t drop a tea cup, your 

dexterity goes.
42 (P5 L1) Where the ulcers were, sort of like stop the movement in your hands so I wasn’t able to do these 

things that I needed to do.
43 (P4 L2) To actually bend the fingers where your ulcers are actually on top of the knuckles is practically 

impossible.
44 (P4 B1) That’s the thing, that’s what I say, I can get things done, but I cannot do it at the speed that I used to 

before.
45 (P5 L1) Putting things in bags, lifting stuff, you can’t actually grip stuff so I just feel really clumsy.
46 (P6 M1) It’s like opening a bag of crisps if you’re out for a drink, I can’t open the crisps.

Self-care/grooming:
47 (P1 M1) I’m frightened of catching it. You don’t want to get dressed in case you’ve got to zip something up and 

you catch it.
48 (P5 L1) Even just going and brushing our teeth…it’s painful when our hands are sore and ulcerated.

Hobbies: 49 (P2 B1) I’ve had to stop doing things like knitting… Because they flare up straight away and open and it doesn’t 
matter whether I use natural fibers, it’s just the irritation of my skin so I had to give up knitting… I 
have to be very careful gardening.

Domestic activities:
50 (P6 L1) Two years ago I can do nothing really, so I needed help, my daughter, husband, everyone doing 

something at home. I could do nothing, cooking.
51 (P8 L2) It’s impossible to make the bed, I can’t put my hand, I can’t put the sheet under.

Putting hands in pockets/bags/purse:
52 (P4 M1) When it starts to crust over that, that’s when I can’t go in me bag, you know, and you just tip 

everything out to find what you want and then scoop everything back up.
53 (P1 L1) Putting your hand in your pocket can be horrendous if you hit a key or something like that.

Difficulty driving: 54 (P4 B1) Things to try and protect it, ‘cause you’re guaranteed knocks on every single day, you carefully put the 
ignition key in the car, you still knock this one on the steering wheel and things like that.

Sleep disturbance: 55 (P1 M1) It’s like somebody’s sticking a needle in your finger when you’re trying to go to sleep, you could hold 
your hand in the air.

Shopping:
56 (P4 L1) Going to supermarkets I can’t go up and down the fridge aisle. I have to stand there and wait and think 

about do I need anything down there, but even just going into a supermarket, it’s just too cold… 
Because you have to balance your bags so that you can carry them, if they’re rushing you, you’re just 
dropping everything in and it’s all falling out and it just becomes a disaster.

57 (P3 L1) There’s always that doubt in the checkouts, you know, not only are they not hassling me, but I’m sort 
of thinking I’m holding the queue up and I suddenly hear this voice behind me saying, “you don’t 
have to rush you know.” People are nice I find.

Change in working/occupation:
58 (P3 L1) Well I was a programmer, so it wasn’t a difficult job to carry on doing.
59 (P7 B1) Obviously it’s affected a lot of the work that I do as well. There’s only 50% of the work that I used to do 

that I can continue to do now, with the digital ulcers, but it’s just knowing what you can and can’t get 
away with anymore.

Financial concerns: 60 (P7 B1) Most people have said you need to change your job, but once you’re set up and you’re established 
and you’ve got a wife, kids, a mortgage and bills to pay, it’s impossible to go back and start as tea boy 
again somewhere else, so you carry on but you’ve got to try and adjust what you do to maintain 
your income, that’s the biggest difficulty I’ve had so far.

Concealing ulcers:
61 (P4 B1) You don’t want other people to be distressed at seeing them, also it’s protection against infection and 

also, you know, if you’re going out to any social function I will bandage… I did go to my daughter’s 
wedding, which was in all of this, and so I did wear my black gloves all through the wedding.

62 (P5 L1) I don’t know if it’s them or myself thinking, oh are they thinking I’m contagious or that kind of thing, 
because they look horrible when they’re at their worst, but now I’ll try to keep them, I’ll keep them 
covered if they’re… I wouldn’t go out anywhere without them being covered, but still when you’re 
covered in a million plasters, that doesn’t look nice either.

Change in caring roles within the 
family: 63 (P7 B1)

It changes the way you have to think of it, everything that you do. I mean the wife says to me, do you 
want to take the kids down the fair, and the first thing I have to do is check the temperature outside, 
you know. If it’s 20° or less, I’ll bail out, I wouldn’t bother going, but it’s not nice because you miss out 
on a lot of life experiences with your family.

* Q refers to the numbered quote cited in the text. SSc = systemic sclerosis; DU = digital ulcer; P = participant; B1 = Bath group; M1 = Manchester
group; L1, L2 = London groups. 



HUGHES ET AL 730       |

Table 5.  Quotes supporting the “factors aggravating occurrence, duration, and impact” and “mitigating, managing, and adapting” themes of 
the patient experience of SSc-DU*

Subtheme: Q (subject and 
group) Quotation

Factors aggravating occurrence, 
duration, and impact

Number of ulcers:
64 (P3 M1) I have only had 1 ulcer, which was really quite bad. And it, I was put on a drip in hospital with, is it 

epoprostenol, twice to see if that would help, but it didn’t and they ended up going to theatre to have 
it cleaned out, and that’s the only ulcer I’ve ever had.

65 (P4 B1) I was diagnosed with limited scleroderma approximately 28 years ago, which started with an ulcer in 
1 finger and just gradually got worse over the years, with anything up to 4 or 5 ulcers every winter, 
which sometimes cleared up in the summer, yeah, so on-going.

66 (P2 L1) When I was first diagnosed, ulcers weren’t really a problem. I might have 1 a year, but as the scleroderma 
has progressed, I have had up to 10 ulcers at a time on my hands, in different degrees of severity.

Ulcers heal slower in the winter:
67 (P4 M1) They get easier in the summer, they heal better.
68 (P4 L1) They just would erupt through the whole winter, and then I’ve got to wait till the middle to the end of the 

summer, then I get a short respite.
Mitigating, managing, and adapting

Indication that treatment is 
effective:

69 (P1 B1) Being able to sleep during the night with the bearable pain would be an absolutely added bonus.
70 (P7 B1) Well, within 5 days that finger healed up more than it did in 3 months, so the minute I came in on the 

iloprost…certainly the 5 days I spent here last week, I wouldn’t be as healed up as I am now, and able 
to work again.

71 (P7 L2) If the pain stops.
72 (P4 L2) It helps it, calm it down, to stop being hurting.
73 (P5 L1) I just find it keeps them at bay. I worry that if I was to lengthen it again it would just be worse, so yeah, it 

sort of helped the aggression that you say, the inflammation and things.
Burden of treatments:

74 (P4 B1) I think I would definitely say it’s helped a lot and it’s kept me out of hospital. I’ve managed, the ulcers are 
still taking several weeks, if not months to heal, but they do heal without the need to intervene with 
iloprost on top and a stay in hospital, presumably that’s an extra cost to the NHS and it’s better for 
me ‘cause I’m not in hospital.

75 (P3 L1) It takes forever to get them on and get them off and then you realize that the reason they’re hurting 
more than usual is you made a complete mess of putting on last time and you’ve got to start again.

Coping strategies/aids and 
devices:

76 (P8 B1) I keep a pair of gloves up on top of the fridge freezer to do just that, you know, to take anything out 
from the freezer.

77 (P4 L1) I’ve got things that help me grip jars.
78 (P1 L2) I also wear gloves, ‘cause every time you hit it on something it flares more, that is a big problem I’ve got 

no matter, if you touch it, or anything you touch, once you hit it, it flares up again.
79 (P8 L2) The other thing that I’ve done for the last 18 months, I never, ever, wet them, as least as possible to get 

them wet, so in the shower I’ve got rubber gloves.
Support from others:

80 (P4 L1) They’ve adapted, my children have, I mean they’re grown up now, but they know I’ll just call, they walk in, 
open a bottle, if I’m cooking and if I look, they know which one, which saucepan to get out, they just 
know, like in and out of cars, and they just know now, and so do my friends. They just know.

81 (P7 M1) I have 3 children, and I live alone and it’s not easy because you have to do everything, so you have to 
cook, you have to touch water and that is something that terrifies you… It is very difficult but the way 
to cope about it, I think it is just to explain to them…and they will know that they have to step up to do 
something of the things so they understand that part, but the other part that you have to live, you 
have to do it, you have to bath them, you have to do everything else, and you know that you’ll be in 
pain for that time, all the time. You know it’s going to happen whether you like it or not.

Adaptations/self-management:
82 (P1 L2) It’s really good, the pumice stone really helps peel it down.
83 (P7 L2) I think the hardest thing is trying to treat it, and put bandages on it because it’s such awkward positions, 

you can’t keep the bandage on there and do other things.
84 (P2 L1) It’s just a lot of care that I have to take, and just move very, very slowly, be very aware of your space 

around you, with my ulcers.
85 (P3 M1) You do feel very cautious, if you do have a bang then you’re more aware that you’re not to do things for 

the next few days in case it, it goes really bad.
86 (P1 B1) When you put it in hot water or cold water, moving from one room to another it would just set the pain 

off again.

* Q refers to the numbered quote cited in the text. SSc = systemic sclerosis; DU = digital ulcer; P = participant; B1 = Bath group; M1 = Manchester
group; L1, L2 = London groups. 
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roles in the organization or even change jobs completely (Q58, 
Q59). Some participants described financial concerns from the 
impact of DUs on their work (Q60). DUs have an impact on social 
participation, and participants reported taking measures to con-
ceal ulcers with bandages or gloves, both to avoid others seeing 
them and to reduce the risk of infection (Q61, Q62). A number of 
participants described difficulties undertaking caring roles within 
the family, for example, avoiding taking their children outside to 
play due to the cold weather (Q63), because the cold both exac-
erbated the pain and aggravated the healing of ulcers or provoked 

their onset.

Theme 4: factors aggravating occurrence, duration, 
and impact. There were a number of factors that aggravated 
the occurrence and duration and impact of ulcers (Table 5). There 
was variation in the number of ulcers experienced by participants, 
ranging from experiences of solitary DUs to recurrent episodes of 
refractory digital ulceration (Q24, Q26, Q64–66). There was varia-
tion among participants on the time to DU healing (weeks, months, 
or even years). The length of time to heal was often related to the 
season and treatment. Most participants reported that over the 
winter ulcers took longer to heal (Q67), or they did not heal at all 
until the summer (Q68). Most participants seemed to be able to 
identify where previous ulcers had occurred, either based on how 

they looked or how they felt or both (Q13–16).

Theme 5: mitigating, managing, and adapting to 
ulcers. Participants used a variety of ways to describe whether a 
treatment had been effective or not (Table 5). This variety included 
whether and how quickly the ulcer had healed, whether there had 
been a reduced rate of recurrence of the ulcer, how the appear-
ance of the ulcer had changed, whether the level of pain was 
reduced, the positive impact on other activities such as sleeping, 
whether the participant thought circulation had improved, whether 
the wound dressing had been effective in protecting the ulcer, and 
whether the risk of amputation was reduced (Q69–73). As well 
as the effectiveness of treatment, participants also alluded to the 
burden of treatment. This burden could mean the need for hospi-
talization or the burden of medication, the duration (time) of receiv-
ing treatments, or the severity of associated side effects, and the 
time and ease of putting on bandages (Q74, Q75). Participants 
discussed a range of coping strategies to manage DUs, including 
different ways in which they had adapted or used support to cope 
with their ulcers. This adaptation included using a device or aid to 
help manage ulcers (Q76, Q77), strategies to avoid causing pain 
or prevent a new ulcer developing (Q78, Q79), and getting help or 
support (paid or unpaid) from others (Q80). Several participants 
talked about how their children have adapted to the condition and 
help the patient cope with limited function (Q80). However, some 
participants noted that avoiding all activities that may aggravate 
the ulcer was not possible, especially if they have young chil-
dren (Q81). Participants described a variety of techniques they 

used to manage their ulcers, from the earliest stages of develop
ment to when the ulcer is visible and active. These techniques 
included using “home remedies” and alternative treatments (Q82), 
wound care (Q83), the vigilance associated with self-management 
(Q84, Q85), and avoiding behaviors (e.g., cold exposure) that the 
patients consider can cause ulcers (Q86).

DISCUSSION

The current study is the first, to the best of our knowledge, to 
specifically explore the multifaceted patient experience of SSc-DU. 
We have identified 5 major interrelated themes (and subthemes) 
that constitute the patient experience of SSc-DU that we have 
organized within a conceptual map of SSc-DU. The major themes 
comprised disabling pain and hypersensitivity; deep and broad-
ranging emotional impact; impairment of physical and social 
activity; factors aggravating occurrence, duration, and impact; 
and mitigating, managing, and adapting to SSc-DU.

The multicenter study design and purposive sampling frame-
work ensured that we captured the experiences from a broad 
cohort of SSc patients and the spectrum of SSc-DU disease 
(from solitary DUs to recurrent refractory disease). Thematic analy
sis of the focus group transcripts was conducted by experienced 
qualitative researchers without direct experience in the manage-
ment of SSc-DU, avoiding the potential bias that preconceptions 
held by scleroderma clinicians might have introduced. The study 
benefited from a broad international steering committee of SSc 
experts, qualitative researchers, and patient research partners.

Painful physical symptoms and signs were the most important 
experiences of SSc-DU. Pain is the cardinal symptom of SSc-DU 
and is often very severe. Patients often consider the severity of 
pain disproportionate to the physical size of DUs. Infection and 
changes in temperature can worsen DU pain. The physical 
symptoms of DUs result in considerable psychological distress, 
and impaired hand function impacts all the activities of daily liv-
ing, including occupation and social interactions. Many patients 
describe a constant state of vigilance both during and between 
episodes of ulceration. There are a number of aggravating factors, 
including the number and severity of DUs. Of interest, participants 
reported that the ulcers took longer to heal during the winter and 
residual symptoms at sites of previous DUs. In particular, dyses-
thesias and paresthesias could suggest persistent nerve dam-
age. Patients with SSc make considerable efforts to both prevent 
and manage DUs (e.g., avoiding trauma and preventing infection) 
and describe a wide range of coping strategies and adaptations. 
The patient experience of DUs mirrors that of Raynaud’s phenom-
enon, in which patients report the need for constant vigilance and 
self-management (30). Overall, our themes show similarities to 
those reported by Nakayama et al (30), who conducted a system-
atic review and thematic analysis of 26 studies with 463 patients 
to explore patients’ perspectives and experiences living with SSc. 
The 6 key themes were distressing appearance transformation, 
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palpable physical limitations, social impairment, navigating uncer-
tainty, alone and understood, and gradual acceptance and relative 
optimism (30). Furthermore, DUs (along with Raynaud’s phenom-
enon and calcinosis) were described as “being intensely painful 
by some patients,” were “emotionally distressing,” and “limited 
patients’ ability to work, go outdoors,” “or even walk” (30).

As previously described, in earlier clinical trials of SSc-DU, 
primary assessment of treatment efficacy has focused on clinician 
assessment of DU presence alone (occurrence and persistence) 
and has largely overlooked the patient experience of SSc-DU. 
Legacy PRO instruments assessing function and interference 
capture patient experiences relevant to SSc-DU, but those instru-
ments are limited by the inclusion of redundant items that are less 
relevant to SSc-DU (e.g., the inclusion of nonhand domains of 
the Health Assessment Questionnaire disability index). The recent 
development of an SSc-specific PRO instrument, the Hand Dis-
ability in SSc DUs, was developed through modification of the 
Cochin Hand Function Scale, including qualitative patient inter-
views to assess the impact of DUs on hand function in patients 
with SSc (31). However, to date, other important experiences 
of SSc-DU (e.g., psychological impacts and social participation) 
have been comparatively overlooked. The development of a novel 
PRO instrument that captures the broader patient experience of 
SSc-DU (e.g., relationships and body image dissatisfaction) would 
be valuable for assessing interventions in clinical trials but also in 
clinical practice, where there is a dearth of practice-based evi-
dence examining the comparative efficacy of different pharma-
cologic, surgical, and wound-care protocols. Furthermore, even 
after ulcer healing, patients can still suffer from significant residual 
pain and anxiety of future DUs. Therefore, effective ulcer treat-
ments (and PRO instruments) should also modify future patient 
(negative) experiences of DU disease even after ulcer healing.

Our analysis has not addressed potential differences in expe-
riences relating to DUs occurring at different locations on the 
hands (e.g., fingertip versus extensor). The etiopathogenesis (and 
patient experience) of different types of DU may differ, although all 
types of DU are generally accepted to have an ischemic contribu-
tion (32,33). Therefore, future efforts to develop a dedicated PRO 
instrument for assessing SSc-DU should explore different experi-
ences (including treatment effects) at different ulcer locations. We 
also highlight the fact that we only recruited a relatively small num-
ber of patients with early disease. This situation is likely due to the 
need in our study to include a large majority of patients with a sig-
nificant burden (history) of digital vascular disease, which usually 
takes time (years) to accrue. There were differences observed in 
the clinical and demographic characteristics (e.g., age and sex) of 
participants who participated in the 4 focus groups. For example, 
the majority of patients in Bath and Manchester had the limited 
subset of the disease, whereas approximately equal numbers of 
patients had diffuse disease in the 2 London focus groups.

We did not entirely achieve our intended purposive sam-
pling framework, but we were satisfied that we had captured the 

experiences of a broad spectrum of patients and did not feel this 
gap was a barrier to achieving the study’s aims. Due to the rarity 
and heterogeneity of the disease, identifying and enrolling patients 
with specific phenotypes to studies of this nature is not always pos-
sible. We also excluded participants who could not speak English. 
Although our focus groups were conducted only in the UK, previous 
studies (including multinational recruiting clinical trials) have demon-
strated no important differences in DU disease between countries. In 
our study, we captured limited information on the impact of SSc-DU 
on intimate relationships (19). If the data had been collected during 
one-to-one interviews, then comments on the impact of DUs on 
intimate relationships likely would have arisen and should be consid-
ered in the design of future research. We will explore such themes in 
a 1:1 setting during future cognitive debriefing of a provisional item-
bank for the proposed DU PRO instrument.

It should be highlighted that treating clinicians (MH and JDP) 
facilitated the focus groups, which could have impacted the 
reflexivity of the research and introduced potential bias, for exam-
ple, by shaping the discussion and/or limiting patients’ willingness 
to discuss certain aspects of their experience. However, mitigat-
ing factors include the study topic guide that was developed with 
support from patient insight partners and was used to inform 
the structure of the focus groups. Patients were only known to 
1 individual clinician at 1 geographic location. Furthermore, while 
background clinical knowledge of SSc was essential to success-
fully facilitate the focus groups, the analysis of data was led by 2 
independent researchers (JJ and AM), to mitigate this potential 
source of bias.

In conclusion, ours is the first study to examine the mul-
tifaceted patient experience of SSc-DU. Traditional clinical trial 
end points are not currently designed to capture the patient 
experience of SSc-DU, which should be a key priority for demon-
strating meaningful treatment benefit. The resultant themes and 
subthemes from our study provide a unique insight into the 
patient experience of SSc-DU. This work could form the basis 
of a novel PRO instrument to assess the impact and severity of 
SSc-DU to support much needed new treatment approaches for 
SSc-DU.
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Not positive about antinuclear antibody–negative lupus:  
comment on the article by Choi et al

To the Editor:
The value of a large systemic lupus erythematosus (SLE)  

inception cohort cannot be overstated, but the findings of the study 
by Choi et al, recently published in Arthritis Care & Research, regard-
ing the prevalence of “ANA [antinuclear antibody]–negative lupus”  
is debatable (1). The topline message from the article is that within 
the 1,132 patients enrolled in the group, 6.2% were anticellular anti-
body negative. We need to emphasize, however, that this subset 
of patients had been receiving treatment for months prior to enroll-
ment. Antibody status at the time of enrollment is therefore not nec-
essarily reflective of what their antibody status had been when their 
illness was first identified and therapy begun. Forty-six percent of 
ANA-negative patients had taken high-dose glucocorticoids prior to 
enrollment. High-dose steroids have been shown to possibly effect 
a change in ANA status (2). Beneficial information might be gained 
from looking at the pre-enrollment laboratory data (i.e., obtained 
before treatment was begun) on the 71 ANA-negative patients to 
see whether some of them had previously been antibody positive.

A smaller concern is the chosen cutoff to define negative 
ANA as a titer of <1:160. While this limit is a generally agreed-
upon cutoff value, it conflicts with the updated SLE classification 
criteria, which uses 1:80 as a threshold (the cutoff of 1:160 was 
undoubtedly chosen because the study was designed long before 
the new American College of Rheumatology [ACR] classification 
criteria came into being) (3). Possibly some of the 71 anticellular 
antibody negative individuals may not have been negative accord-
ing to the new ACR criteria. If samples from the time of enrollment 
were banked, investigating how many would test positive employ-
ing the ACR’s less stringent definition would be of interest.

ANA testing is, of course, by no means infallible. We and 
others have shown that ANA test results from the same sample 
can differ between testing kits (4,5). Samples that are shown to 
have high-titer ANA from patients with true disease via one kit 
may have undetectable antibodies by another. Crosschecking 
across different kits, while not feasible in the real world, might 
prove useful in a study like this, to be employed on a limited 
basis (i.e., in antibody-negative individuals).

Lastly, overdiagnosis of SLE is an issue that has not been 
quantified, but prior studies have demonstrated that it occurs (6). 
The authors note that past longitudinal studies show that many 
ANA-negative SLE patients tend to have a benign course, only 

experiencing arthritic and photosensitive manifestations. Could it 
be that some of these ANA-negative patients do not have SLE, 
and if so, could the same account for some of the ANA-negative 
SLE individuals in longitudinal lupus cohorts?

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

To the Editor:
We appreciate the comments by Dr. Abeles about our recent 

publication on ANA (referred to as anticellular antibody [ACA] 
in our publication and in this response)–negative sera in SLE 
that used biobanked serum samples from the Systemic Lupus 
International Collaborating Clinics (SLICC) inception cohort. We 
concur with many of the comments and concerns, although we 
prefer to think that the issues raised are not so much “debatable” 
as requiring further study. Certainly, the challenges of sensitivity, 
specificity, commutability, and standardization of the ACA test 
performed by the HEp-2 immunofluorescence assay (IFA) are not 
new and date to the adoption of the ACA IFA test for the diagnosis  
of SLE (for reviews, see refs. 1–4).
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We agree that the ACA status at the time of enrollment in our 
study may not be reflective of the ACA status when SLE was first 
identified nor of the ACA status at any time during the preclinical 
and postclinical diagnosis. A significant proportion (46.5%) of the 
ACA-negative patients in our study were prescribed high-dose 
glucocorticoids (GC) at or prior to enrollment, and multivariable 
analysis showed that GC treatment was associated with a greater 
likelihood of being ACA negative. We hypothesized that this find-
ing might be attributed to the GC treatment, but we also indicated 
that the impact of GC on our results was speculative, because we 
did not know the ACA status prior to initiation of GC treatment. 
Dr. Abeles’ citation of a study of 8 anti-DNA positive SLE patients 
using an in-house anti-DNA enzyme-linked immunoassay (5) is 
intriguing but does not provide definitive evidence for the influ-
ence of GC on anti–double-stranded DNA, or by implication ACA 
status. Not only was that study performed on a small selected 
SLE patient group, it only evaluated the anti-DNA titers for up to 
30 days afterward, it did not evaluate the dynamics of anti-DNA 
status over time (including anti-DNA status prior to GC adminis-
tration), and it did not have a control group with untreated SLE or 
other controls. Clearly, well-designed studies are needed to clarify 
the influence of GC on ACA or any autoantibody titers. Unfortu-
nately, biobanked serum samples prior to enrollment in the SLICC 
inception cohort and prior to initiation of GC were not available, so 
this question is not directly answerable for our cohort.

Another approach would have been to compile the ACA 
results performed at each SLICC center prior to enrollment. 
However, although we considered this approach, we concluded 
that such a process would not be helpful because: 1)  data 
and information about the ACA kits, techniques, and ACA IFA 
assay parameters as performed locally were not available, and 
obtaining them retroactively would have been an unwieldy task; 
2) some centers changed their assays and some test parameters  
(i.e., screening dilutions changed) during the study; and 3) deter-
mining the criteria used by technologists at each center to define 
a positive ACA was not possible (i.e., did the definition of a posi-
tive result include cytoplasmic and mitotic staining?). After much 
deliberation, we concluded that inclusion of such data lacked 
commutability and would be open to misinterpretation. Accord-
ingly, we stated: “The results obtained at a single center were 
used for the ACA analysis in this study because the ACA analyses 
performed at each regional site had a wide variation in testing 
parameters (date of test performance, serum screening dilutions, 
test kits and protocols, microscopes, readers, etc.) and thus were 
not comparable across sites.”

Because the initiation of the SLICC cohort in 1999 antedated 
the SLICC criteria (6) or the more recent European League Against 
Rheumatism (EULAR)/ACR criteria (7,8), all enrolled patients in 
our cohort fulfilled the ACR criteria (6). In our study, we used an 
ACA titer cutoff of <1:160 to increase the specificity of the ACA for 
SLE at the expense of sensitivity (9). When the HEp-2 IFA test was 
repeated at a serum dilution of 1:80 on 67 of 71 of the available 

ACA-negative samples, 50 of 67 (74.6%) of the ACA-negative sera 
and 50 of 1,133 (4.4%) of the total cohort remained negative at 
the lower serum dilution (data not published). Therefore, 4.4% of 
patients from our study would still not have been classified as hav-
ing SLE according to the new EULAR/ACR criteria. As to the ques-
tion of whether some of the ACA-negative patients in our study did 
not have SLE, which could account for some of the ACA-negative 
individuals in our study, notably all patients fulfilled the ACR criteria, 
including those with a negative ACA. Furthermore, classification cri-
teria are not diagnostic criteria (10) and are intended to identify SLE 
patients for research studies, such as ours, while the diagnosis of 
SLE remains in the jurisdiction of an appropriately trained physician.

In summary, Dr. Abeles raises some important questions that 
underscore persisting gaps in our knowledge of ACA status in SLE. 
These include the impact of GC on both antibody titers and spec-
ificity, the harmonization and commutability of ACA testing, and 
the constantly changing approach to classification and diagnosis 
of SLE. These issues are all addressable by well-designed studies 
and a concerted approach to ACA standardization.
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2019 update of the American College of Rheumatology– 
recommended rheumatoid arthritis disease activity 
measures: comment on the article by England et al

To the Editor:
I read the article by England et al (1), recently published in 

Arthritis Care & Research, with great interest; it discusses the 
appropriate metrics to be used by practicing rheumatologists 
employing a treat-to-target approach. The article is comprehen-
sive and well written. I would like to make 2 comments and clarify 
1 point, however.

Table 1 contains a clinically significant error that should be 
clarified. The table states that the cut points for disease activity 
states such as remission, low, moderate, and high disease activity 
are exactly the same for the Disease Activity Score in 28 joints 
(DAS28) using the erythrocyte sedimentation rate (ESR) and the 
DAS28 with the C-reactive protein (CRP) level. This idea is a pop-
ular misconception among rheumatologists and pharmaceutical 
companies, but multiple times these cut points have been shown 
to overestimate response for DAS28-CRP and suggest that more 
patients are in remission and have low disease activity and that 
fewer have high disease activity (Figure 1). This error has major 
implications in treating to target, because the use of the DAS28-
CRP will suggest that more patients are at target than is accu-
rate. The table should be amended to show the correct cut points 
for DAS28-CRP for disease activity states that are lower than for 
DAS28-ESR.

The 5 disease activity metrics that were recommended by 
the committee are appropriate and have face validity. However, I 
would have thought the committee might suggest a combination 
of metrics, such as the Clinical Disease Activity Index (CDAI) or 
Simplified Disease Activity Index and the Routine Assessment of 
Patient Index Data 3 (RAPID3). The American College of Rheu-
matology (ACR) endorses the treat-to-target recommendations, 
which state that the metrics used must include 1 that assesses 

joint counts, such as the CDAI, but patient-reported outcomes, 
such as the RAPID3, should be assessed as well (2–7).

Finally, I would like to commend the committee for stating 
that the Multi-Biomarker Disease Activity is not a preferred metric 
for following disease activity, and their analysis of this test shows 
that its usefulness is inconclusive.

Roy Fleischmann, MD
University of Texas
Dallas, TX
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Figure 1.  Relationship between Disease Activity Score in 28 joints 
(DAS28) using the erythrocyte sedimentation rate (ESR) and the 
DAS28 using the C-reactive protein (CRP) level (ref. 3). HDA = high 
disease activity; LDA = low disease activity.
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Reply

To the Editor:
We thank Dr. Fleischmann for his comments on the work-

ing group’s recommendations on rheumatoid arthritis (RA) dis-
ease activity measures. While several studies have shown that 
DAS28-CRP may underestimate disease activity compared to 
DAS28-ESR (1–4), there also exists conflicting evidence that 
the 2 scores have good agreement (5,6). More stringent cutoffs 
for DAS28-CRP have been proposed by both Inoue et al (7) 
and Fleischmann et al (8) to improve agreement with DAS28-
ESR disease activity categorization, although the thresholds 
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Table  1.  Proposed cutoffs for DAS28-CRP by disease activity 
categories and DAS28-ESR thresholds*

Disease activity 
category and 
DAS28-ESR 

cutoffs
Remission 

<2.6
Low 

2.6 to <3.2
Moderate 
3.2 to ≤5.1

High 
>5.1

Inoue et al (7) <2.3 2.3 to <2.7 2.7 to ≤4.1 >4.1
Fleischmann et al (1) <2.4 2.4 to <2.9 ≥2.9† –
Fleischmann et al (8)† – – – >4.6

* DAS28 = Disease Activity Score in 28 joints; CRP = C-reactive protein:
ESR = erythrocyte sedimentation rate. 
† Low and high cutoffs for moderate disease activity not established 
in the same study. From independent studies, moderate disease 
activity range could be considered 2.9 to ≤4.6. 

proposed by the 2 authors differ somewhat (Table 1). Provid-
ers, or those designing clinical trials, may choose to use these 
more stringent DAS28-CRP cutoffs. However, substituting 
alternative thresholds is premature at this time, because only 
limited validation of these alternate cutoffs has been com-
pleted to date (9). There is a need for validation in varied RA 
patient populations and clinical settings, as well as to deter-
mine whether individuals discordant in their categorization of 
disease activity by DAS28-CRP versus DAS28-ESR have a 
distinct clinical course. Conservative adoption of the more 
stringent cutoffs that Inoue et al and Fleischmann et al sug-
gest is particularly important, with increasing interest among 
health care payers to score quality of care using these met-
rics. Certainly, selection of appropriate cutoffs will be revisited 
with future updates of the recommended RA disease activity 
measures. Regarding the use of multiple metrics, the com-
mittee did not recommend against complementary use of 
multiple RA disease activity measures in routine clinical care. 
Indeed, 15% of the >50,000 RA patients with any RA disease 
activity data represented in the ACR  Rheumatology Informat-
ics System for Effectiveness registry had providers who meas-
ured >1 disease activity metric as part of routine clinical care 
(10). Providers may choose to use multiple RA disease activ-
ity measures regularly or in special clinical circumstances. In 
addition, there is no requirement of joint count assessment in 
ACR RA treatment guidelines, only the use of recommended 
RA disease activity measures, of which 3 of the 5 contain joint 
counts (11).
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Did antiphospholipid antibodies limit intervention 
efficacy for postoperative total knee arthroplasty–
related thrombotic event prevention? Comment on the 
article by Smith et al

To the Editor:
Reduction of thrombotic events among individuals subse-

quent to total knee arthroplasty was the subject of an intrigu-
ing article by Smith et  al, recently published in Arthritis Care & 
Research (1). The authors reported that prophylactic aspirin, 
rivaroxaban, low molecular heparin, fondaparinux, and warfarin 
reduced the deep vein thrombosis rate by only 15%, at best. A 
possible explanation may be modulation of platelet and vascular 
function by antiphospholipid antibodies (2). Antiphospholipid anti-
bodies are not rare (3).

If antiphospholipid antibodies are present, use of aspirin 
might be considered, but monitoring platelet function to assure 
efficacy is essential (4). The effect of aspirin on platelet function is 
highly variable, with many patients requiring more than the “stan
dard” 81-mg dose, noting that even 975 mg (3 tablets) may not be 
sufficient (5). The very convenient fractionated heparins and factor 
X antagonists are ineffective in preventing thrombotic events in 
individuals with antiphospholipid antibodies (6,7).

Limited efficacy of warfarin used in the study by Smith et al 
(1) may similarly be a dose effect. The standard prothrombin time 
international normalized ratios (INRs) range used in monitoring 
warfarin is inadequate in the presence of antiphospholipid 
antibodies (6). Failure to pursue the 3.0–3.5 INR-recommended 
range may explain reduced intervention efficacy reported by 
Smith et al (1).

Thus, assessment for the presence of antiphospholipid 
antibodies in patients, especially in those with a prior history of 
thrombotic events, seems worthwhile, with prophylactic action 
when identified. Identification of antiphospholipid antibodies 
would be especially important for individuals undergoing surgery, 
as the presence of antiphospholipid antibodies requires mod-
ification of standard intervention (8). Which antibodies should 
be assessed? IgG, IgM, and IgA antibodies to anticardiolipin, 
β2-glycoprotein I, and antiphosphatidylserine/prothrombin are 
also pertinent.
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Reply

To the Editor:
Dr. Rothschild provides important insights regarding the study of 

anticoagulation in individuals with antiphospholipid syndrome (APS). 
The presence of any of several antiphospholipid antibodies can result 
in a hypercoagulable state leading to increased incidence of arterial 
and/or venous thromboses (1). APS occurs in 30–50 individuals per 
100,000 in the general population and is classically considered in 
young patients with multiple pregnancy losses. However, patients 
with APS are at risk of deep vein thrombosis and pulmonary embo-
lism as well. Indeed, these thrombotic events are more frequent 
disease manifestations in patients with APS than with obstetric com-
plications (2). Further, because antiphospholipid antibodies result in 
platelet dysfunction, anticoagulation strategies in patients with APS 
generally call for either higher doses or alternative medication regi-
mens. For these reasons, testing for antiphospholipid antibodies is 
recommended in patients presenting with thrombotic events (3).

Our analyses focused on venous thrombotic events follow-
ing total knee arthroplasty (TKA) in patients with osteoarthritis. 
The likelihood that any of our subjects had APS is low, given 
the low prevalence of APS in the population. Nonetheless, we 
appreciate the clinical insights Dr. Rothschild provides. We were 
not able to specifically assess the cost-effectiveness of anticoag-
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ulation strategies following TKA in patients with hypercoagulable 
conditions, because the published data on efficacy of antico-
agulants are not stratified by preexisting prothrombotic states, 
and the proportion of individuals with thrombosis associated 
with antiphospholipid antibodies following TKA is unknown. 
Future analyses should evaluate the appropriate postoperative 
anticoagulation strategies for patients with underlying disease 
processes that contribute to higher incidences of thrombotic 
events.
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