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E D I T O R I A L

Imminent Fracture Risk: A Call to Action for 
Rheumatologists
Maria I. Danila and Kenneth G. Saag

The American Society for Bone and Mineral Research 
(ASBMR) Task Force recently published clinical recommendations 
for prevention of secondary fracture in older adults who experi-
ence hip and vertebral fractures (1). The motivation behind this 
remarkable international effort, which featured members from mul-
tiple professional societies including rheumatology, was the uni-
versal recognition that osteoporotic fractures remain significantly 
undertreated (2) despite multiple “calls to action” to improve the 
dismal patient outcomes (3,4). There has been a temporal decline 
in osteoporosis testing and treating, even among those at great-
est risk; namely, those with past hip and vertebral fracture (1). This 
crisis in the osteoporosis field is of great relevance to rheumatol-
ogists and rheumatology health professionals, who care for many 
older patients with or at great risk for fractures. National and inter-
national campaigns to support improvement of osteoporosis care 
and implementation of secondary fracture prevention programs, 
including Healthy Bones/Healthy Cities (5), Own the Bone (6), Cap-
ture the Fracture (7), and May Is National Osteoporosis Month (8),  
have all aimed to raise awareness about the importance of opti-
mizing bone health, particularly after a fragility fracture, but without 
enough success.

The ASBMR- led coalition stressed the importance of a multi-
disciplinary case management approach for secondary fracture 
prevention, including the use of fracture liaison services (FLS) in 
patients age 65 years and older with hip and vertebral fractures. 
Among the best practices endorsed are the need for collabora-
tive interprofessional communication, notification of the usual 
health care provider about the fracture event, consistent educa-
tion and coaching to improve patients’ awareness of the signif-
icance of osteoporotic fractures, and the recognition of hip and 
vertebral fractures as sufficient to establish a diagnosis of osteo-
porosis. This multidisciplinary approach is highly consonant with 
how many rheumatologists already practice given their close col-
laboration with orthopedic surgeons and their strong collegiality 

with  rheumatology professionals, including dedicated nurses, 
advanced practice providers, and physical therapists.

The ASBMR guidance summarizes pharmacologic and 
nonpharmacologic risk mitigation strategies, such as fall risk 
assessment, utilization of calcium and vitamin D supplements, 
participation in regular exercise, and avoidance of tobacco 
and heavy alcohol consumption to prevent future fractures and 
improve individual fracture outcomes. In addition, the guidance 
includes specific recommendations about when and what type of 
bone- specific medications to take after a fracture. For example, 
the guidance advocates immediate treatment with oral bisphos-
phonates after a fracture, versus suggesting a 2- week delay for 
intravenous and subcutaneous pharmacologic agents, and rec-
ommends the use of anabolic agents for patients at even greater 
risk of refracture. The report also describes how to monitor for and 
thus conceivably prevent side effects of bone- specific drugs. This 
includes a focus on oral health to mitigate osteonecrosis of the 
jaw (ONJ) as well as general principles for specialty referral when 
there is persistent bone loss, additional fractures, or complicating 
comorbidities.

In contrast to previous clinical guidelines for osteoporosis 
treatment, the ASBMR- led coalition focused on those with hip 
and vertebral fractures age 65 years and older. This is what many 
consider the “low- hanging fruit” for osteoporosis care, yet despite 
the uniform agreement of the need to intervene with these 
patients, a large treatment gap persists and may be worsening. 
In this high- risk population, subsequent hip and vertebral frac-
tures have a very high incidence, and a compelling evidence base 
supports pharmacologic intervention to reduce the risk of subse-
quent fractures (1). The risk of repeat fracture remains on average 
40% higher than the population risk 10 years after initial fracture, 
particularly in the first year after a fracture, when it is markedly 
accelerated (9). Hip fractures, in particular, have highly detrimen-
tal and very costly individual and societal repercussions, and in 
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women age 55 years and older, they are responsible for more 
hospitalizations than heart attacks, strokes, and breast cancer 
combined (10). In elderly adults, hip fractures are associated with 
a 2 times increased probability of dying and a much greater like-
lihood of entering low- income status, as well as a 4 times increase 
in likelihood of requiring long- term institutionalization within the 
first year (11). More than 25% of patients with hip fractures have 
another fracture within 10 years (12), 20% lose the ability to live 
independently, and >85% have mobility- related disability (13). The 
societal expense of hip fractures in older individuals cost the Medi-
care program more than $6.3 billion in 2015 (14). Of relevant con-
cern, older adults are particularly vulnerable to not being treated 
due to the popular misconception of osteoporotic fractures as 
a mere consequence of aging, the lack of imminent fracture risk 
awareness, the increased comorbidity burden, and common con-
cerns for drug contraindications and drug–drug interactions.

The challenges associated with widespread dissemination 
and adherence to clinical guidelines are well documented. As it 
pertains to osteoporosis care, compounding the problem of the 
low public awareness of fragility fracture consequences and the 
low rates of osteoporosis diagnosis and treatment is the low 
patient adherence to osteoporosis treatment (15,16). This has 
resulted from the lack of understanding of the generally highly 
favorable risk–benefit profile of osteoporosis medications, particu-
larly in those with prior fracture, who are the focus of this new 
guidance. Indeed, while the rare side effects of ONJ and atypical 
femoral fractures have received a great deal of media attention, 
the benefit of osteoporosis medication in preventing further mor-
bidity and maximizing life experience and expectancy has not 
been effectively communicated.

By focusing on multidisciplinary consensus building and pro-
viding a clear and simplified step- by- step approach for secondary 
fracture prevention, the current guidance creates a pragmatic and 
actionable plan for its implementation in practice. In addition, its 
publication comes at a time when a recent National Institutes of 
Health Pathway to Prevention Workshop (17) has further highlight-  
ed the need for appropriate use of drug therapies for osteo-
porotic fracture prevention. Taken together, these efforts serve 
as momentum catalysts for translating evidence into practice and 
better outcomes for patients with osteoporosis.

Treatment of osteoporotic fractures beyond surgical repair 
does not have a home in a particular specialty. Although vari-
ous medical specialists manage osteoporosis, including endo-
crinologists, primary care physicians, gynecologists, orthopedic 
surgeons, geriatricians, and rheumatologists, specialists focusing 
on osteoporosis who provide postfracture nonsurgical care are 
difficult to find (18). Compounding the challenge, since 2007, 
Medicare reimbursement for bone mineral density assessment 
through dual- energy X- ray absorptiometry (DXA) has progres-
sively declined by more 70%, and the number of US physicians 
providing DXA services in their office decreased from 22,355 to 
15,952, thus decreasing convenient access to diagnostic services 

for osteoporosis in the community (19). Coinciding with this trend, 
physician attendance at educational meetings for osteoporosis in 
the US declined in the 2 years after the DXA reimbursement cuts 
by 6%, compared to the prior 2 years (20).

Historically, many US and even a greater share of international 
rheumatologists have been involved in both research and clinical 
osteoporosis care. However, American College of Rheumatol-
ogy/Association of Rheumatology Professionals annual meeting 
abstracts indexed with osteoporosis or osteopenia as keywords 
have remained stagnant at only 2%. Given the overall prevalence 
of osteoporosis compared to other much rarer rheumatologic 
disorders, the discordance between disease prevalence and 
rheumatology community interest is particularly notable. Com-
pounding this concern, the number of ASBMR members who 
identify their primary specialty as rheumatology has declined over 
time, from 7.5% (~290 members) in 2006 to 5% (~150 members) 
in 2019 (Fesler D: personal communication).

Thus, there is a clear and present need to expand the previously 
limited and now declining engagement in osteoporosis care in the 
rheumatology community. Possible improvements in rheumatology 
education to foster future participation of rheumatologists in osteo-
porosis care include: dedicated metabolic bone disease clerkships 
and instruction in providing high quality DXA scan results during rheu-
matology fellowship training (21); encouraging and cultivating rheu-
matology fellows’ interest in bone health research through national 
seminars and symposia; and connecting and providing telemen-
toring support to rheumatologists and rheumatology professional 
teams through initiatives such as Bone Health TeleECHO (Extension 
for Community Healthcare Outcomes) (22) and FLS TeleECHO (23). 
There are also opportunities to use novel media channels (podcasts, 
live Twitter commentary) to disseminate bone health evidence and 
interact on any given topic related to the treatment and manage-
ment of osteoporosis. Of perhaps greatest interest, rheumatology- 
led teams are particularly well poised to participate in postfragility 
fracture care through programs such as FLS, many of which are 
coordinated by advanced practice providers. Having rheumatology 
nurse practitioners and physician assistants participate in such pro-
grams would provide an, as of now, only partially tapped national 
resource to help mitigate the current need in osteoporosis care, with 
the caveat that health care policy and payment reforms must pro-
vide the appropriate incentives to allow for scaling up of FLS.

In conclusion, the ASBMR coalition guidance on the treat-
ment of older adults with hip or vertebral fracture marks a sig-
nificant step in unifying best clinical practices in patients with 
imminent risk of fracture. Similar to past attempts, this most 
recent foray in synthetizing clinical practice recommendations in 
postfragility fracture medical treatment has the potential to ener-
gize the rheumatology community to better align their efforts in 
improving the care and outcomes of patients with fragility frac-
tures. However, to fully realize its potential benefit and decrease 
the associated individual and societal costs of osteoporosis, an 
“all hands on deck” attitude from rheumatologists who see many 
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of these older patients and from others in the general medical 
community is needed. As the population ages in the US and inter-
nationally, rheumatologists and arthritis health professionals must 
lead the charge for better care for all musculoskeletal conditions. 
The rising interest in our specialty evidenced by record rates of 
applications to rheumatology fellowship programs is a testament 
to the potential for us to help fill this emergent osteoporosis care 
gap. We must collectively rally rheumatology troops to lead the 
efforts to better coordinate postfracture and general osteopo-
rosis care. Given the immense and growing societal burden of 
imminent osteoporotic fractures, failure here is not an option.
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Objective. To provide guidance for the management of gout, including indications for and optimal use of urate- 
lowering therapy (ULT), treatment of gout flares, and lifestyle and other medication recommendations.

Methods. Fifty- seven population, intervention, comparator, and outcomes questions were developed, followed by 
a systematic literature review, including network meta- analyses with ratings of the available evidence according to the 
Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology, and patient input. A group 
consensus process was used to compose the final recommendations and grade their strength as strong or conditional.

Results. Forty- two recommendations (including 16 strong recommendations) were generated. Strong recommen-
dations included initiation of ULT for all patients with tophaceous gout, radiographic damage due to gout, or frequent 
gout flares; allopurinol as the preferred first- line ULT, including for those with moderate- to- severe chronic kidney 
disease (CKD; stage >3); using a low starting dose of allopurinol (≤100 mg/day, and lower in CKD) or febuxostat 
(<40 mg/day); and a treat- to- target management strategy with ULT dose titration guided by serial serum urate (SU) 
measurements, with an SU target of <6 mg/dl. When initiating ULT, concomitant antiinflammatory prophylaxis therapy for 
a duration of at least 3–6 months was strongly recommended. For management of gout flares, colchicine, nonsteroidal 
antiinflammatory drugs, or glucocorticoids (oral, intraarticular, or intramuscular) were strongly recommended.

Conclusion. Using GRADE methodology and informed by a consensus process based on evidence from the 
current literature and patient preferences, this guideline provides direction for clinicians and patients making decisions 
on the management of gout.

Guidelines and recommendations developed and/or endorsed by the American College of Rheumatology (ACR) are  
intended to provide guidance for particular patterns of practice and not to dictate the care of a particular patient. The ACR 
considers adherence to the recommendations within this guideline to be voluntary, with the ultimate determination regarding 
their application to be made by the physician in light of each patient’s individual circumstances. Guidelines and recommen-
dations are intended to promote beneficial or desirable outcomes but cannot guarantee any  specific outcome. Guidelines and 
recommendations developed and endorsed by the ACR are subject to periodic revision as warranted by the evolution of med-
ical knowledge, technology, and practice. ACR recommendations are not intended to dictate payment or insurance decisions, 
and drug formularies or other third- party analyses that cite ACR guidelines should state this. These recommendations cannot 
adequately convey all uncertainties and nuances of patient care.

The American College of Rheumatology is an independent, professional, medical and scientific society that does not guaran-
tee, warrant, or endorse any commercial product or service.
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INTRODUCTION

Gout is the most common form of inflammatory arthritis, 
affecting ~9.2 million adults (3.9%) in the US (1). While the eti-
ology of gout is well- understood and there are effective and 
inexpensive medications to treat gout, gaps in quality of care 
persist (2–4). The 2012 American College of Rheumatology 
(ACR) Guidelines for the Management of Gout (5,6) and other 
international specialty society guidelines recommend treat- 
to- target strategies with use of urate- lowering therapy (ULT) 
(7–10). Despite these recommendations, over the past 2 de-
cades there has been no increase in ULT utilization. Adherence 
to ULT remains poor (2,11) and is the lowest adherence among 
treatments for 7 common chronic medical conditions (12). 
Complicating the efforts to improve adherence is the fact that 
the prior 2012 ACR Guidelines for the Management of Gout 
have been criticized due to low quality of evidence supporting 
treat- to- target recommendations (13,14). Since the 2012 ACR 
Guidelines for the Management of Gout were published, sev-
eral clinical trials have been conducted that provide additional 
evidence regarding the management of gout, leading the ACR 
Guidelines Subcommittee to determine that new guidelines 
were warranted.

METHODS

This guideline follows the ACR guideline development 
 process (https://www.rheum atolo gy.org/Pract ice-Quali ty/Clini cal- 
Suppo rt/Clini cal-Pract ice-Guide lines) using the Grading of 
Recom  mendations Assessment, Development and Evaluation 
(GRADE) methodology to rate the certainty of evidence and 
develop recommendations (15–17), with an emphasis on develop-
ing actionable guidelines. ACR policy guided the management of 

conflicts of interest and disclosures (https://www.rheum atolo gy. 
org/Pract ice-Quali ty/Clini cal-Suppo rt/Clini cal-Pract ice-Guide 
lines/ Gout). A full description of the methods is presented in Sup-
plementary Appendix 1 (available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24180/ 
abstract).

Briefly, the Core Team, Expert Panel, and Voting Panel 
(consisting of rheumatologists, a general internist, a nephrol-
ogist, a physician assistant, and a patient representative) gen-
erated 57 population, intervention, comparator, and outcomes 
(PICO) questions to address the following: indications for ULT 
(5 questions), approaches to initiating ULT (7 questions), ongo-
ing ULT management (18 questions), gout flares (10 questions), 
and lifestyle and other medication strategies in patients with 
gout (9 questions) and in individuals with asymptomatic hyper-
uricemia (8 questions). PICO questions were posted on the 
ACR web site for public comment (October 30–November 30, 
2018) (for a list of team and panel members, see Supplemen-
tary Appendix 2, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24180/ 
abstract). An in- person Patient Panel of 8 male patients with 
gout, moderated by one of the voting panel members (JAS), 
reviewed the evidence report (along with a summary and inter-
pretation by the moderator) and provided patient perspectives 
and preferences.

The Core Team prespecified outcomes as critical or 
important for each PICO question for the systematic literature 
review. Outcomes varied across PICO topic (for details, see 
Supplementary Appendix 3, at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24180/ abstract). Gout flare and serum urate 
(SU) concentration (and tophus for PICO question 1) were 
specified as critical outcomes for all PICO questions specific to 
ULT. Pain was identified as critical for PICO questions specific 
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to gout flare. Gout flare was specified as the only critical out-
come for management of lifestyle factors. All other outcomes 
were specified as important. Without standardized definitions 
for gout flare as an outcome (18), flare definitions varied by 
duration of follow- up in the various studies. Based on Patient 
Panel input, we specified that longer- term outcomes (e.g., 
24 months) would be critical, while shorter durations (e.g., 
<12 months) were considered important; it was recognized 
that very short time points (e.g., <6 months) may reflect the 
expected flares during ULT initiation.

We conducted systematic literature reviews (including 2 
network meta- analyses [NMAs]) to address each PICO ques-
tion (for search strategies and study selection process, see Sup-
plementary Appendices 4 and 5, respectively, at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24180/ abstract). The first NMA 
evaluated the impact of starting ULT versus no ULT and the rel-
ative impact of the various ULT agents (for details, see Supple-
mentary Appendix 6, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24180/ abstract). The second NMA evaluated 
antiinflammatory agents in gout flare management (for details, see 
Supplementary Appendix 7, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24180/ abstract). To accomplish this sec-
ond NMA, we grouped similar agents into nodes (e.g., acetic acid 
derivatives, profens, cyclooxygenase 2 agents, glucocorticoids, 
and interleukin- 1 [IL- 1] inhibitors).

The lowest level of evidence for the outcomes deemed crit-
ical to patients determined the certainty of evidence for each 
PICO question (15). For PICO questions specific to ULT, and 
on the basis of input from 1) the Patient Panel; 2) prior focus 
group work citing the importance of SU, gout flare, and tophi 
to patients (19); and 3) prior guidance from the GRADE work-
ing group  (20), we made the following decisions. Where there 
was moderate or high certainty of evidence demonstrating 
improvement in any 1 of these 3 outcomes, we deemed this 
sufficient evidence to support a strong recommendation. The 
certainty of evidence from the other 2 outcomes was then des-
ignated as important but not  critical to support the recommen-
dation. The certainty of the evidence for each recommendation 
is presented in Tables 1–8, and the certainty of evidence for each 
outcome within each PICO question is in the full evidence report 
(see Supplementary Appendix 8, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24180/ abstract).

Additionally, we report results using the more conservative 
rating of the evidence using the lowest level of evidence for 
any of the critical outcomes. Applying these more conservative 
rules, the summary certainty of evidence decreased (in com-
parison to the reported results) for some of the ULT recom-
mendation statements, which would result in a lower strength 
of recommendation for 2 recommendations (PICO question 2: 
ULT indication for patients with erosions, and PICO question 

27: switching to pegloticase for ULT failure). The details are 
available in the evidence report (Supplementary Appendix 8). 
Medication costs (not part of the systematic literature review), 
reported as average wholesale pricing as sourced from Lexi-
comp on August 23, 2019, were provided to the Voting Panel, 
as cost of treatment was included as part of the evaluation of 
risks and benefits of treatment medications (see Supplemen-
tary Appendix 9, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24180/ 
abstract).

PICO questions were drafted into recommendation state-
ments and were sent to the Voting Panel with the evidence report 
prior to round 1 voting. At a face- to- face meeting, the Voting Panel 
again reviewed draft recommendations, a summary of the vot-
ing results from round 1, the evidence report, and a summary of 
Patient Panel statements (1 patient from the Patient Panel [JES] 
and the Patient Panel moderator [JAS] attended the Voting Panel 
and were available to answer questions about the Patient Panel 
statements). To become a recommendation (for or against) in 
this guideline, at least 70% consensus of the Voting Panel was 
required.

The strength of each recommendation was rated as strong 
or conditional. Strong recommendations reflect decisions sup-
ported by moderate or high certainty of evidence where the 
benefits consistently outweigh the risks, and, with only rare 
exceptions, an informed patient and his or her provider would be 
expected to reach the same decision. Conditional recommen-
dations reflect scenarios for which the benefits and risks may 
be more closely balanced and/or only low certainty of evidence 
or no data are available.

Recommendations in this guideline apply to patients with 
gout, except for a single recommendation regarding the use of 
ULT in individuals with asymptomatic hyperuricemia, which is 
defined as an SU concentration of ≥6.8 mg/dl with no prior gout 
flares or subcutaneous tophi. Patients with evidence of mono-
sodium urate monohydrate (MSU) deposition on advanced imag-
ing may still be considered asymptomatic if they have not had a 
prior gout flare or subcutaneous tophi.

These guidelines do not directly address the impact of gout 
or hyperuricemia on other comorbidities, such as cardiovascular 
disease (CVD), hypertension, urolithiasis, or chronic kidney dis-
ease (CKD). As we developed these guidelines for use by provid-
ers practicing in the US, we considered pharmacologic therapies 
available in the US, with select exceptions. Although lesinurad 
was withdrawn from the US market by the manufacturer during 
the course of guideline development, it remains Food and Drug 
Administration (FDA) approved, and we therefore considered 
the data in relation to relevant PICO questions. To facilitate the 2 
NMAs, we also considered medications not available in the US to 
permit comparisons with other available medications in the net-
work analysis.
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RESULTS/RECOMMENDATIONS

Indications for pharmacologic ULT

Initiating ULT is strongly recommended for 
gout patients with any of the following: ≥1 subcuta-
neous tophi; evidence of radiographic damage (any 
modality) attributable to gout; OR frequent gout 
flares, with frequent being defined as ≥2 annually.

From the ULT NMA (see Supplementary Appendix 6,  
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24180/ 
abstract) and randomized clinical trials (RCTs) of pegloticase 
(21–23) and lesinurad (24), there was high certainty of evidence 
regarding the efficacy of ULT in reducing flare frequency (23–26),  
tophi (21,23), and SU concentrations (23–26). While many Patient 
Panel participants reported that they were initially hesitant to start 
ULT, after experiencing improved control of inflammatory symp-
toms and tophi, they became strong advocates for its earlier insti-
tution  (for all indications for pharmacologic ULT, see Table 1 and 
Supplementary Figure  1, available at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24180/abstract).

Initiating ULT is conditionally recommended 
for patients who have previously experienced >1 
flare but have infrequent flares (<2/year).

For patients with less frequent flares and no tophi, the poten-
tial clinical benefit of ULT would be lower than the ULT benefit for 
patients with more burdensome gout. In a single study (moder-
ate certainty of evidence), patients with ≤2 previous flares (and 
no more than 1 gout flare in the preceding year) randomized to 
receive febuxostat (versus placebo) were less likely to experience 
a subsequent flare (30% versus 41%; P < 0.05) (27).

Specific characteristics for patients with infrequent flares 
(e.g., SU concentration >9 mg/dl, CKD, CVD) that might influence 

the risk- benefit assessment were considered, but due to insuffi-
cient data for these subgroups, the Voting Panel did not find that 
these conditions warranted stronger ULT recommendations spe-
cific to these subgroups.

Initiating ULT is conditionally recommended 
against in patients with gout experiencing their 
first gout flare.

However, initiating ULT is conditionally rec-
ommended for patients with comorbid moderate- 
to- severe CKD (stage ≥3), SU concentration >9 mg/
dl, or urolithiasis.

While conditionally recommending against ULT initiation 
following the first gout flare in a patient with “uncomplicated” 
gout, the Voting Panel considered Patient Panel input and rec-
ognized that there may be patients who would prefer (or benefit 
from) ULT, underscoring the need for shared decision- making. 
As noted above, data from the RCT of patients with ≤2 previous 
flares (and no more than 1 gout flare in the preceding year) sup-
ported the benefit of ULT for reduction of SU concentration and 
gout flare risk (27). For patients with moderate- to- severe CKD 
(e.g., stage >3), there is a higher likelihood of gout progression 
and development of clinical tophi (28–30). Furthermore, treat-
ment options for gout flare are limited in this population, and 
there may be added benefit of using ULT to prevent progression 
of renal disease (31). Similarly, patients with markedly elevated 
SU concentrations (>9 mg/dl) are more likely to experience gout 
progression (26,32). For patients with a history of urolithiasis, 
allopurinol and febuxostat provide benefit, as both medications 
lower 24- hour urinary uric acid excretion more than placebo (33). 
Among patients with calcium oxalate stones and hyperuricosu-
ria, allopurinol (300 mg/day) is superior to placebo in reducing 
the 3- year incidence of stone- related events (34).

Table 1. Indications for pharmacologic urate- lowering therapy (ULT)*

Recommendation
PICO 

question
Certainty of 

evidence
For patients with 1 or more subcutaneous tophi, we strongly recommend initiating ULT over no ULT. 1 High
For patients with radiographic damage (any modality) attributable to gout, we strongly recommend 

initiating ULT over no ULT.
2 Moderate

For patients with frequent gout flares (>2/year), we strongly recommend initiating ULT over no ULT. 3 High
For patients who have previously experienced >1 flare but have infrequent flares (<2/year), we conditionally 

recommend initiating ULT over no ULT.
4 Moderate

For patients experiencing their first flare, we conditionally recommend against initiating ULT over no ULT, 
with the following exceptions.

5 Moderate

For patients experiencing their first flare and CKD stage >3, SU >9 mg/dl, or urolithiasis, we conditionally 
recommend initiating ULT.

5 Very low

For patients with asymptomatic hyperuricemia (SU >6.8 mg/dl with no prior gout flares or subcutaneous 
tophi), we conditionally recommend against initiating any pharmacologic ULT (allopurinol, febuxostat, 
probenecid) over initiation of pharmacologic ULT.

57 High†

* PICO = population, intervention, comparator, outcomes; CKD = chronic kidney disease; SU = serum urate.
† There is randomized clinical trial data to support the benefit that ULT lowers the proportion of patients who develop incident gout. However, 
based on the attributable risk, 24 patients would need to be treated for 3 years to prevent a single (incident) gout flare leading to the 
recommendation against initiating ULT in this patient group. 
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Initiating ULT is conditionally recommended 
against in patients with asymptomatic hyperuri-
cemia.

For patients with asymptomatic hyperuricemia, RCTs 
(designed to study CVD outcomes) demonstrated significant 
reduction in incident gout flares over 3 years. However, the 
development of incident gout was low for both ULT and pla-
cebo arms (<1% versus 5%) (35,36). In other words, 24 patients 
would need to be treated with ULT for 3 years to prevent a 
single (incident) gout flare. From observational studies, among 
patients with asymptomatic hyperuricemia with SU concentra-
tions of >9 mg/dl, only 20% went on to develop gout within 5 
years (32). The Voting Panel felt that, on average, for the major-
ity of patients with asymptomatic hyperuricemia (including those 
with comorbid CKD, CVD, urolithiasis, or hypertension), the 
benefits of ULT would not outweigh potential treatment costs 
or risks for the large number of patients unlikely to progress 
to gout. This is also the case for patients with asymptomatic 
hyperuricemia with MSU crystal deposition as noted on imaging 
tests such as ultrasound or dual- energy computed tomography.

Recommendations for choice of initial ULT for  
patients with gout

Treatment with allopurinol as the preferred 
first- line agent, over all other ULTs, is strongly 
recommended for all patients, including those 
with moderate- to- severe CKD (stage ≥3).

The Voting Panel strongly recommended allopurinol as the 
preferred first- line agent given its efficacy when dosed  appropriately 
(often required doses >300 mg/day [37] up to the maximum FDA- 
approved dose of 800 mg/day [38]), tolerability, safety, and lower 

cost. Using a lower starting dose mitigates safety issues specific 
to allopurinol hypersensitivity syndrome (AHS) (39,40). The Vot-
ing Panel indicated that an optimal trial of oral medication would 
be appropriate prior to pegloticase due to cost differences and 
potential adverse effects of the latter medication (for recommen-
dations for choice of initial ULT, see Table 2 and Supplementary 
Figure  2, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24180/abstract).

The choice of either allopurinol or febuxostat 
over probenecid is strongly recommended for pa-
tients with moderate- to- severe CKD (stage ≥3).

The choice of pegloticase as a first- line thera-
py is strongly recommended against.

Starting treatment with low- dose allopuri-
nol (≤100 mg/day and lower in patients with CKD 
[stage ≥3]) and febuxostat (≤40 mg/day) with sub-
sequent dose titration over starting at a higher 
dose is strongly recommended.

Starting treatment with low- dose probenecid 
(500 mg once to twice daily) with subsequent dose 
titration over starting at a higher dose is condi-
tionally recommended.

A lower starting dose of any ULT reduces the risk of flare asso-
ciated with initiation (41). The Patient Panel voiced a strong pref-
erence for safer ULT prescribing regimens through lower starting 
doses with subsequent dose escalation, even if such regimens 
required more blood draws and provider visits, over alternate 
regimens (e.g., starting with higher doses) that might incur more 
risk. Even lower initial allopurinol doses (e.g., ≤50 mg/day) 

Table 2. Recommendations for choice of initial urate- lowering therapy (ULT) in patients with gout*

Recommendation
PICO 

question
Certainty of 

evidence
For patients starting any ULT, we strongly recommend allopurinol over all other ULT as the preferred first- line 

agent for all patients, including in those with CKD stage >3.
10 Moderate

We strongly recommend a xanthine oxidase inhibitor over probenecid for those with CKD stage >3.
For allopurinol and febuxostat, we strongly recommend starting at a low dose with subsequent dose titration 

to target over starting at a higher dose (e.g., <100 mg/day [and lower in patients with CKD] for allopurinol or 
<40 mg/day for febuxostat). 

7 Moderate

For probenecid, we conditionally recommend starting at a low dose (500 mg once or twice daily) with dose 
titration over starting at a higher dose.

We strongly recommend initiating concomitant antiinflammatory prophylaxis therapy (e.g., colchicine, NSAIDs, 
prednisone/prednisolone) over no antiinflammatory prophylaxis. 
The choice of specific antiinflammatory prophylaxis should be based upon patient factors.

9 Moderate

We strongly recommend continuing prophylaxis for 3–6 months rather than <3 months, with ongoing 
evaluation and continued prophylaxis as needed if the patient continues to experience flares.

9 Moderate

When the decision is made that ULT is indicated while the patient is experiencing a gout flare, we 
conditionally recommend starting ULT during the gout flare over starting ULT after the gout flare has 
resolved.

6 Moderate

We strongly recommend against pegloticase as first- line therapy. 10 Moderate†

* PICO = population, intervention, comparator, outcomes; CKD = chronic kidney disease; NSAIDs = nonsteroidal antiinflammatory drugs. 
† Moderate evidence is in support of the efficacy of pegloticase, but due to cost, safety concerns, and favorable benefit- to- harm ratios of other 
untried treatment options, the recommendation is against using pegloticase as first- line agent. 
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should be considered in patients with CKD. While higher  starting 
doses and CKD are associated with risk of AHS (39), patients 
with CKD may still require dose titration above 300 mg/day  
to achieve the SU target (42,43). A population pharmacokinetic– 
pharmacodynamics study showed that larger body size and 
diuretic use indicated the need for higher allopurinol doses to 
achieve greater urate reduction. Worse renal function only had 
a modest negative impact on urate reduction (44). Other studies 
have demonstrated that allopurinol dose escalation can be done 
safely in this population (40,45).

Administering concomitant antiinflammatory 
prophylaxis therapy (e.g., colchicine, nonsteroi-
dal antiinflammatory drugs [NSAIDs], prednisone/
prednisolone) over no antiinflammatory prophy-
laxis therapy is strongly recommended.

Based on 8 RCTs (41,46–52) and 2 observational studies 
(53,54), there is moderate certainty of evidence to support the 
strong recommendations to use antiinflammatory prophylaxis 
therapy when initiating ULT. Continuation of prophylaxis for at 
least 3–6 months after ULT initiation was recommended because 
shorter durations were associated with flares upon cessation of 
prophylaxis (55,56). After cessation, monitoring for flare activity 
and continuation of antiinflammatory treatment as needed if the 
patient continues to experience flares was recommended.

Continuing concomitant antiinflammatory  
prophylaxis therapy for 3–6 months over <3 
months, with ongoing evaluation and continued 
prophylaxis as needed if the patient continues to 
experience gout flares, is strongly recommended.

Timing of ULT initiation

When the decision is made that ULT is indicat-
ed while the patient is experiencing a gout flare, 
starting ULT during the gout flare over starting 
ULT after the gout flare has resolved is condition-
ally recommended.

Starting ULT during a flare has conceptual benefits, including 
the time efficiency offered by initiating therapy during the concur-
rent flare visit rather than risking the patient not returning for ULT 
initiation. Furthermore, input from the Patient Panel emphasized 
that patients are likely to be highly motivated to take ULT due to 
the symptoms related to the current flare. However, concerns 
about starting ULT during a flare include potential extension or 
worsening of a flare, as well as the possibility of information over-
load for patients, which may lead to conflating flare management 
and long- term ULT. Two small RCTs (57,58) and an observational 
study (59) support the hypothesis that starting ULT during a flare 
does not significantly extend flare duration or severity. Input 
from the Patient Panel, citing their own ability to simultaneously 

process information related to flare treatment and ULT initiation 
together, along with their preference to start on a treatment path 
sooner to prevent future flares, influenced the final recommen-
dation. As with all conditional recommendations, there may be 
patient factors or preferences that would reasonably support the 
alternative of delaying ULT initiation until the flare has resolved.

A treat- to- target management strategy that 
includes ULT dose titration and subsequent dos-
ing guided by serial SU measurements to achieve a 
target SU, over a fixed- dose ULT strategy, is strong-
ly recommended for all patients receiving ULT.

Achieving and maintaining an SU target of <6 
mg/dl over the use of no target is strongly recom-
mended for all patients receiving ULT.

We recommend using a treat- to- target management strategy 
to optimize patient outcomes by achieving and maintaining an SU 
target of <6 mg/dl rather than using a fixed- dose strategy (Table 3 
and Supplementary Figure 2, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24180/ abstract). There is moderate-  and 
high- quality evidence supporting these 2 recommendations. In an 
RCT from the UK (43), patients randomized to a nurse- led, treat- 
to- target protocol demonstrated greater ULT adherence, lower SU 
concentrations, reduction in tophi, and a lower proportion of fre-
quent (≥2) gout flares at 24 months, compared with patients ran-
domized to general practitioner–led usual care (an approach more 
often characterized by a fixed- dose strategy when ULT is adminis-
tered). Two separate pharmacist- led interventions in the US, both 
incorporating treat- to- target strategies, were superior to usual 
care in terms of treatment adherence, SU outcomes, and higher 
allopurinol dosing (60,61). Additional studies provide support for 
ULT dose escalation to achieve target SU levels, including dose 
titration of allopurinol in patients with CKD (40,43). While a specific 
dose titration schedule is left to provider and patient to individual-
ize based on patient comorbidities and preferences, ULT titration 
should occur over a reasonable time frame (e.g., weeks to months, 
not years) to prevent “treatment inertia” (62). In contrast to the 2012 
ACR Guidelines for the Management of Gout, due to lack of sup-
porting evidence for additional specific thresholds, we do not define 
further thresholds for patients warranting more intensive ULT.

Delivery of an augmented protocol of ULT dose 
management by nonphysician providers to op-
timize the treat- to- target strategy that includes 
patient education, shared decision- making, and 
treat- to- target protocol is conditionally recom-
mended for all patients receiving ULT.

Based on recent nurse-  (43) and pharmacist- led (60,61) inter-
ventions, the Voting Panel supported the benefit of an  augmented 
delivery- of- care using patient education and shared decision- 
making through implementation of a treat- to- target protocol over 
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usual care. However, the panel recognized that these resources may 
not be available in all health care settings, and that the key is for the 
treating provider (who could be the treating physician) to educate 
the patient and implement a treat- to- target protocol.

Duration of ULT

Continuing ULT indefinitely over stopping ULT 
is conditionally recommended.

For patients in clinical remission taking ULT (e.g., no flares 
for ≥1 year and no tophi [63]), the Voting Panel considered 
ULT cessation or tapering. In a single case series where ULT 
was withheld in patients in clinical remission with years of well- 
controlled SU concentrations prior to cessation, only 13% 
of patients (27 of 211) whose SU concentration remained at 
<7 mg/dl while not receiving ULT had no flares during a 5- year 
follow- up period. Furthermore, patients with higher SU con-
centrations after withholding therapy had more frequent flares 
with greater likelihood of flares associated with higher SU lev-
els (37). The Patient Panel voiced concerns about a return or 
worsening of gout symptoms, tophi, or joint damage with ULT 
cessation. If therapy is well- tolerated and not burdensome, the 
Patient Panel expressed a preference to continue treatment.

Recommendations for patients receiving ULT 
medications

Allopurinol

Testing for the HLA–B*5801 allele prior to 
starting allopurinol is conditionally recommend-
ed for patients of Southeast Asian descent (e.g., 
Han Chinese, Korean, Thai) and for African Ameri-
can patients, over not testing for the HLA–B*5801 
allele.

Universal testing for the HLA–B*5801 allele pri-
or to starting allopurinol is conditionally re comm -
en  ded against in patients of other ethnic or racial 
background over testing for the HLA–B*5801 allele.

As noted above, starting allopurinol in daily  
doses of ≤100 mg (and lower doses in patients 
with CKD) is strongly recommended over starting 
at a higher dose.

The HLA–B*5801 allele is associated with a markedly ele-
vated risk for AHS (64,65). The prevalence of HLA–B*5801 
is highest among persons of Han Chinese, Korean, and Thai 

Table 3. Recommendations for all patients taking urate- lowering therapy (ULT)*

Recommendation
PICO 

question
Certainty of 

evidence
For all patients taking ULT, we strongly recommend a treat- to- target strategy of ULT dose management that 

includes dose titration and subsequent dosing guided by serial SU values to achieve an SU target over a 
fixed, standard- dose ULT strategy.

13 Moderate

For all patients taking ULT, we strongly recommend continuing ULT to achieve and maintain an SU target of <6 
mg/dl over no target.

14 High

For all patients taking ULT, we conditionally recommend delivery of an augmented protocol of ULT dose 
management by nonphysician providers to optimize the treat- to- target strategy that includes patient 
education, shared decision- making, and treat- to- target protocol.

8 Moderate

We conditionally recommend continuing ULT indefinitely over stopping ULT. 19 Very low

* PICO = population, intervention, comparator, outcomes; SU = serum urate.

Table 4. Recommendations for patients taking specific urate- lowering therapy (ULT) medications*

Recommendation
PICO 

question
Certainty of 

evidence
Allopurinol 
We conditionally recommend testing HLA–B*5801 prior to starting allopurinol for patients of Southeast Asian 

descent (e.g., Han Chinese, Korean, Thai) and African American patients, who have a higher prevalence of 
HLA–B*5801.

12 Very low

We conditionally recommend against HLA–B*5801 testing in all others.
For patients with a prior allergic response to allopurinol who cannot be treated with other oral ULT, we 

conditionally recommend using allopurinol desensitization.
23 Very low

Febuxostat
For patients with gout taking febuxostat with a history of CVD or a new CV event, we conditionally recommend 

switching to an alternative ULT agent if available and consistent with other recommendations in this guideline.
22 Moderate

Uricosurics
For patients considered for, or taking uricosuric treatment, prior to starting any uricosuric treatment, we 

conditionally recommend against checking urinary uric acid over checking urinary uric acid.
28 Very low

For patients taking uricosuric treatment, we conditionally recommend against alkalinizing urine. 29 Very low

* PICO = population, intervention, comparator, outcomes; CVD = cardiovascular disease.
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descent (7.4%) (66), lower among African Americans (3.8%), and 
even lower among whites and Hispanics (0.7% each) (66). Test-
ing for this allele among Asians and African American patients 
was reported to be cost- effective (incremental cost- effectiveness 
ratios <$109,000 per quality- adjusted life years) (67). Asian and 
African American patients taking allopurinol both have a 3- fold 
increased risk of AHS compared with white patients taking allo-
purinol (68) (for recommendations for ULT medications, see 
Table 4 and Supplementary Figure 3, available at http://onlineli-
brary.wiley.com/doi/10.1002/acr.24180/abstract).

Allopurinol desensitization is conditionally 
recommended for patients with a prior allergic 
response to allopurinol who cannot be treated 
with other oral ULT agents.

The level of evidence supporting this recommendation was 
very low (69,70). The Voting Panel recognized that desensitiza-
tion protocols (69,70) are not commonly used, with the majority 
of currently practicing rheumatologists having limited experience 
in these protocols.

Febuxostat

Switching to an alternative oral ULT agent,  
if available and consistent with other recommen-
dations in this guideline, is conditionally recomm-
ended for patients taking febuxostat with a 
history of CVD or a new CVD- related event.

At the Voting Panel meeting, there was much discussion 
about the data, Patient Panel input, and interest to provide 
recommendations consistent with the FDA black box warning 
for febuxostat (71). The Voting Panel considered data from the 
CARES RCT (72) and 2 observational studies (73,74). In the 
FDA- mandated CARES trial of febuxostat versus allopurinol (72), 
there was no difference between the 2 arms in the primary com-
posite CVD end point. Febuxostat, however, was associated 
with a higher risk of CVD- related death and all- cause mortal-
ity (driven by CVD deaths) compared with allopurinol, but there 
was no association with the other 3 secondary CVD outcomes 
(nonfatal myocardial infarction, nonfatal stroke, or urgent revas-
cularization for unstable angina). Interpretation of these results 
is complicated by a high dropout rate with a majority of deaths 
occurring after ULT discontinuation (72). Moreover, the lack of an 
untreated control group means the absolute CVD risk related to 
febuxostat is unknown. A large observational study (recruitment 
not selected for CVD) did not show an increased risk of CVD 
or all- cause mortality associated with febuxostat initiation com-
pared with allopurinol using methods to address confounding by 
indication (73). Another study using a managed care database 
demonstrated lower risk of any major CVD event among febux-
ostat initiators than allopurinol initiators, though confounding by 
indication may not have been adequately addressed (74). The 

Patient Panel representative stated members would be willing 
to accept “some” incremental CVD risk as long as the treatment 
adequately controlled their gout. Thus, as for many such deci-
sions with conditional recommendations, providers and patients 
should engage in shared decision- making when considering 
febuxostat for patients at high risk for CVD.

Uricosurics

Checking urinary uric acid is conditionally rec-
ommend against for patients considered for or re-
ceiving uricosuric treatment.

Alkalinizing the urine is conditionally recom-
mended against for patients receiving uricosuric 
treatment.

A single observational study demonstrated that higher levels 
of 24- hour urinary uric acid and higher levels of undissociated uri-
nary uric acid were associated with urolithiasis (75). However, the 
Voting Panel indicated that the challenges with 24- hour urine col-
lection or nomogram- based testing, which can both be affected 
by diet, negate the utility of such testing in light of a very low level 
of evidence.

We found no evidence to support a recommendation of 
checking urinary uric acid level for patients receiving uricosuric 
treatment or for alkalinizing the urine. The Voting Panel supported 
standard best practice that patients with known renal calculi 
or moderate- to- severe CKD (stage >3) should not be treated with 
uricosurics. For patients who are treated with uricosurics, patients 
should receive counseling about adequate hydration, but they 
need not be prescribed alkalinizing agents given the lack of evi-
dence for efficacy.

As use of uricosurics remains infrequent, we did not for-
mally vote on indications for uricosuric medications. However, 
we concur with the 2012 ACR Guidelines for the Management 
of Gout that add- on therapy to partially responsive xanthine oxi-
dase inhibitor (XOI) treatment can result in improved SU control 
(24,25,76).

When to consider changing ULT strategy

Switching to a second XOI over adding a uri-
cosuric agent is conditionally recommended for 
patients taking their first XOI, who have per-
sistently high SU concentrations (>6 mg/dl) de-
spite maximum- tolerated or FDA- indicated XOI 
dose, and who have continued frequent gout 
flares (>2 flares/year) OR who have nonresolving 
subcutaneous tophi.

Several lesinurad studies demonstrated the benefit of add-
ing a uricosuric medication to XOI treatment (25,76). However, 
we found no studies directly addressing the choice in the above 
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PICO question, resulting in the conditional recommendation to 
switch to a second XOI after the first XOI failure (for recommenda-
tions for consideration of changing ULT strategy, see Table 5 and 
Supplementary Figure 2, available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24180/abstract).

Switching to pegloticase over continuing cur-
rent ULT is strongly recommended for patients 
with gout for whom XOI treatment, uricosurics, 
and other interventions have failed to achieve 
the SU target, and who continue to have frequent 
gout flares (≥2 flares/year) OR who have nonre-
solving subcutaneous tophi.

Switching to pegloticase over continuing cur-
rent ULT is strongly recommended against for 
patients with gout for whom XOI treatment, uri-
cosurics, and other interventions have failed to 
achieve the SU target, but who have infrequent 
gout flares (<2 flares/year) AND no tophi.

In clinical trials, patients with 3 or more self- reported gout 
flares during the previous 18 months, ≥1 tophi, and gouty 
arthropathy, defined clinically or radiographically as joint damage 
due to gout, were randomly assigned to pegloticase treatment. 
Patients additionally had contraindication to treatment with 
allo purinol or history of treatment failure to normalize uric acid 
despite ≥3 months of treatment with the maximum medically 
appropriate allopurinol dose (determined by the treating physi-
cian). For these patients with frequent gout flares or nonresolv-
ing subcutaneous tophi, clinical trials demonstrated improved 
SU concentrations, low frequency of flares (77), reduction in 
tophi (21), and improved quality of life (22) among those receiv-
ing pegloticase. However, these outcomes come with high 
costs, twice- monthly infusions, and the potential for serious 
allergic reactions. For patients with infrequent gout flares and 
no tophi, we would expect a similar benefit in SU reduction. For 
patients with only infrequent flares, the magnitude of benefit 

would be substantially smaller than for patients with frequent 
flares, and there would be no benefit in reduction of tophi when 
no tophi are present. The harms and costs of administering 
pegloticase would likely be similar in patients with mild ver-
sus severe disease, resulting in limited benefit and appreciable 
harm along with very high costs, leading the panel to conclude 
that the costs and harms clearly outweigh the benefits. This 
conclusion, along with strong Patient Panel statements about 
not wanting to receive twice- monthly infusions to prevent 
infrequent gout flares, resulted in the strong recommendation 
against using pegloticase for patients with mild disease.

The above scenarios represent extremes of gout clinical 
severity resulting in strong “for” and “against” recommendations. 
The Voting Panel considered intermediary scenarios, but given the 
potential variability, the panel opted to simply defer to provider 
judgment balanced with patient preferences, regarding the optimal 
treatment strategy for individuals not described above. To clarify, 
as outlined above, there is a strong recommendation to follow a 
treat- to- target management strategy for all patients receiving ULT. 
However, the recommendation for treat- to- target strategy is not 
absolute and not meant to be pursued at “any cost.” Even strong 
recommendations require sound clinical judgment to balance the 
potential clinical benefits and harms (including costs) of medical 
decisions (78).

Gout flare management

Using colchicine, NSAIDs, or glucocorticoids (oral, 
intraarticular, or intramuscular) as appropriate first- 
line therapy for gout flares over IL- 1 inhibitors or 
adrenocorticotropic hormone (ACTH) is strongly rec-
ommended for patients experiencing a gout flare.

Given similar efficacy and a lower risk of ad-
verse effects, low- dose colchicine over high- dose 
colchicine is strongly recommended when colchi-
cine is the chosen agent.

Table 5. When to consider switching to a new urate- lowering therapy (ULT) strategy*

Recommendation
PICO 

question
Certainty of 

evidence
For patients with gout taking their first XOI monotherapy at maximum- tolerated or FDA- indicated dose who 

are not at SU target and/or have continued frequent gout flares or nonresolving subcutaneous tophi, we 
conditionally recommend switching the first XOI to an alternate XOI agent over adding a uricosuric agent.

24 Very low

For patients with gout where XOI, uricosurics, and other interventions have failed to achieve SU target and 
who have frequent gout flares or nonresolving subcutaneous tophi, we strongly recommend switching to 
pegloticase over continuing current ULT.†

27 Moderate

For patients with gout for whom XOI, uricosurics, and other interventions have failed to achieve serum urate 
target and who have infrequent gout flares (<2 flares/year) and no tophi, we strongly recommend against 
switching to pegloticase over continuing current ULT.‡

27 Moderate

* PICO = population, intervention, comparator, outcomes; XOI = xanthine oxidase inhibitor; FDA = Food and Drug Administration. 
† There is moderate certainty of evidence about the efficacy of the benefits, harms, and high certainty about the costs of pegloticase. For patients 
with high disease activity, the magnitude of potential benefits outweighs the harms and costs of the drug. 
‡ For patients with minimal disease activity, the smaller potential benefits do not outweigh the harms and costs of the drug. 
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Using topical ice as an adjuvant treatment 
over no adjuvant treatment is conditionally rec-
ommended for patients experiencing a gout flare.

Using an IL- 1 inhibitor over no therapy (beyond 
supportive/analgesic treatment) is conditional-
ly recommended for patients experiencing a gout 
flare for whom the above antiinflammatory thera-
pies are either ineffective, poorly tolerated, or con-
traindicated.

Treatment with glucocorticoids (intramus-
cular, intravenous, or intraarticular) over IL- 1 
inhibitors or ACTH is strongly recommended for 
patients who are unable to take oral medications.

The Voting Panel’s recommendation of colchicine, NSAIDs, 
or glucocorticoids as preferred first- line therapies was based 
on substantial trial data demonstrating efficacy, relative low cost 
(versus IL- 1 inhibitors and ACTH), and tolerability of these agents 
in flare management, particularly when administered early after 
symptom onset. Appropriate dosing and duration should be 
guided by the severity of the flare. For colchicine specifically, the 
FDA- approved dosing should be followed (1.2 mg immediately 
followed by 0.6 mg an hour later, with ongoing antiinflammatory 
therapy until the flare resolves). Based on similar efficacy between 
agents demonstrated in the NMA (79–88), the Voting Panel did 
not further prioritize between the first- line agents, noting that 
treatment selection should be driven by patient factors (e.g., 
comorbidity, access, past experience) as part of shared decision- 
making. Likewise, parenteral glucocorticoids were favored over 
alternative agents when oral dosing is not possible. In patients 
experiencing an inadequate response to an initial agent, the Voting 
Panel cited insufficient evidence to make specific recommenda-
tions regarding subsequent antiinflammatory agents to use. If a 
patient is unable to tolerate or has contraindications to any of the 

other  conventional alternatives, the Voting Panel conditionally rec-
ommended the use of IL- 1 inhibitors (84,88–90), recognizing con-
cerns over patient access due to cost. Noting limited supporting 
data (91), the Voting Panel recommended the use of topical ice as 
an adjuvant therapy for flares.

Underscoring the importance of optimal flare management, 
the Patient Panel emphasized its preference for early interven-
tion given the challenges of engaging a provider in timely man-
ner, including an at- home “medication- in- pocket” strategy for 
patients who are able to identify the early signs of flare onset. In 
the absence of “rapid” access to an effective oral medication, the 
Patient Panel also indicated its preference for an injectable therapy 
in appropriate circumstances to achieve pain relief as quickly as 
possible (for all recommendations for gout flare managment, see  
Table  6 and Supplementary Figure  4, available at http://online 
library.wiley.com/doi/10.1002/acr.24180/abstract).

Management of lifestyle factors

Limiting alcohol intake is conditionally rec-
ommended for patients with gout, regardless of 
disease activity.

Limiting purine intake is conditionally recom-
mended for patients with gout, regardless of dis-
ease activity.

Limiting high- fructose corn syrup intake is 
conditionally recommended for patients with 
gout, regardless of disease activity.

Using a weight loss program (no specific 
 program endorsed) is conditionally recommended 
for those patients with gout who are overweight/
obese, regardless of disease activity.

Table 6. Gout flare management*

Recommendation
PICO 

question
Certainty of 

evidence
For patients experiencing a gout flare, we strongly recommend using oral colchicine, NSAIDs, or 

glucocorticoids (oral, intraarticular, or intramuscular) as appropriate first- line therapy for gout flares over 
IL- 1 inhibitors or ACTH (the choice of colchicine, NSAIDs, or glucocorticoids should be made based on 
patient factors and preferences).

When colchicine is the chosen agent, we strongly recommend low- dose colchicine over high- dose colchicine 
given its similar efficacy and fewer adverse effects.

32 High†

For patients experiencing a gout flare for whom other antiinflammatory therapies are poorly tolerated or 
contraindicated, we conditionally recommend using IL- 1 inhibition over no therapy (beyond supportive/
analgesic treatment).

33 Moderate

For patients who may receive NPO, we strongly recommend glucocorticoids (intramuscular, intravenous, or 
intraarticular) over IL- 1 inhibitors or ACTH.

32 High†

For patients experiencing a gout flare, we conditionally recommend using topical ice as an adjuvant treatment 
over no adjuvant treatment.

31 Low

* PICO = population, intervention, comparator, outcomes; NSAIDs = nonsteroidal antiinflammatory drugs; IL- 1 = interleukin- 1; ACTH = 
adrenocorticotropic hormone; NPO = nothing by mouth (nulla per os). 
† High quality of evidence from network meta- analyses supporting canakinumab, which has superior mean pain score reduction and mean day- 2 
joint tenderness reduction. However, the Voting Panel raised concern that the comparator was weak (triamcinolone 40 mg) and that cost issues 
significantly favor other agents. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24180/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24180/abstract
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Adding vitamin C supplementation is condi-
tionally recommended against for patients with 
gout, regardless of disease activity.

The Voting Panel discussed data demonstrating the impor-
tant genetic contributions to the development and severity of 
hyperuricemia and gout (92,93) and informally recommended 
that providers be mindful when soliciting information regarding 
the dietary habits of patients and ensure that discussions regard-
ing dietary recommendations are not misinterpreted as “patient- 
blaming,” as patients frequently feel stigmatized when discussing 
gout with their providers (94). Dietary modifications likely yield only 
small changes in SU concentration, but dietary factors may serve 
as triggers for flares, and patients frequently seek advice on die-
tary management (for recommendations for management of life-
style factors, see Table 7 and Supplementary Figure 5, available 
at http://onlinelibrary.wiley.com/doi/10.1002/acr.24180/abstract).

Alcohol. SU levels among patients who limited or 
abstained from alcohol were 1.6 mg/dl lower compared 
with patients who did not do so (95,96). Results from a re-
cent diet and genetics meta- analysis that was noted above 
(92) demonstrated that the impact of diet or individual 
food items on SU concentration was small. As an exam-
ple, a unit of beer raised SU concentrations by 0.16 mg/dl.  
The effects of a healthy diet, Mediterranean diet, or Dietary Ap-
proaches to Stop Hypertension (DASH) diet were even smaller 
(92).

In a case- crossover study, consuming >1–2 alcoholic 
beverage servings in the prior 24 hours was associated with 
a 40% higher risk of gout flare than periods without alcohol 
consumption, with a dose- response relationship (97). A small 
cohort study demonstrated that despite receiving ULT, heavy 
drinkers (≥30 units of alcohol/week) were more likely to con-
tinue having gout flares compared with those who do did not 
drink heavily (95).

Low purine diet. From the same case- crossover study 
noted above, there was a dose- response relationship between 
increasing purine intake and risk of gout flare (98). However, a 

small RCT (n = 29, with all participants receiving ULT with SU 
at target at the start of trial) using an educational intervention 
focused on low purine intake did not demonstrate lower SU 
concentrations  compared with usual diet, despite significant im-
provements in patient dietary knowledge (99).

High- fructose corn syrup. The ingestion of 1 gm of 
fructose/kg of body weight increases SU concentration by 1–2 
mg/dl within 2 hours of ingestion (100). In the National Health 
and Nutrition Examination Survey, artificially sweetened carbonat-
ed beverage consumption was associated with higher SU levels 
(101). In the Nurses’ Health Study, greater consumption of high- 
fructose corn syrup was associated with higher risk of incident 
gout (102). However, there were no data focused on patients with 
existing gout.

Weight loss. The Voting Panel considered the impact of 
weight loss and specific dietary programs (including the DASH 
diet [103]). Due to small sample sizes, studies of patients with-
out gout (or not defined), and risk of bias assessments, the cer-
tainty of the evidence was rated as very low for both SU and 
flares. Several studies and a systematic literature review (104) 
addressed weight loss approaches either directly (96,105) or 
indirectly (e.g., bariatric surgery [106,107], or dietary advice 
[108]). In a small cohort (n = 11) of obese patients, a mean 
weight loss of 5 kg resulted in a mean SU lowering of 1.1 mg/
dl (96). In a large cohort study, obesity was associated with a 
higher risk of incident gout, but not recurrent gout flares (105). 
However, changes in body mass index (BMI) over time were 
associated with the risk of recurrent gout flare. An increase in 
BMI of >5% was associated with 60% higher odds of recur-
rent flare, and a decrease in BMI of >5% was associated with 
40% lower odds of recurrent flare compared with those without 
weight change (–3.5% < BMI < 3.5%) (105). A small study of 12 
patients undergoing bariatric surgery (mean 34.3 kg weight loss 
over 12 months) demonstrated a mean SU reduction of 2.0 mg/
dl (106). Likewise, gout patients losing weight through bariatric 
surgery or diet experienced reduced flare frequency (108), al-
though  patients undergoing  bariatric surgery may actually have 

Table 7. Management of lifestyle factors*

Recommendation
PICO 

question
Certainty of 

evidence
For patients with gout, regardless of disease activity, we conditionally recommend limiting alcohol intake. 41 Low
For patients with gout, regardless of disease activity, we conditionally recommend limiting purine intake. 42 Low
For patients with gout, regardless of disease activity, we conditionally recommend limiting high- fructose 

corn syrup.
43 Very low

For overweight/obese patients with gout, regardless of disease activity, we conditionally recommend weight 
loss.

46 Very low

For patients with gout, regardless of disease activity, we conditionally recommend against adding vitamin C 
supplementation.

48 Low

* PICO = population, intervention, comparator, outcomes. 
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a transient increase in flares risk during the first postoperative 
month (106).

Other dietary recommendations. The Voting Pan-
el reviewed the data for cherries/cherry extract and dairy protein. 
The certainty of evidence drawn mainly from observational stud-
ies was low or very low, precluding specific recommendations on 
these topics. The Voting Panel reached consensus that data on 
vitamin C were insufficient to support continued recommendation 
for its use in patients with gout. Two small RCTs (n = 29 and n = 
40) showed clinically insignificant changes in SU concentrations 
for patients with gout taking vitamin C (99,109).

Management of concurrent medications

Switching hydrochlorothiazide to an alternate 
antihypertensive when feasible is conditionally 
recommended for patients with gout, regardless 
of disease activity.

Choosing losartan preferentially as an antihy-
pertensive agent when feasible is conditionally 
recommended for patients with gout, regardless 
of disease activity.

Stopping low- dose aspirin (for patients taking 
this medication for appropriate indications) is 
conditionally recommended against for patients 
with gout, regardless of disease activity.

Adding or switching cholesterol- lowering 
agents to fenofibrate is conditionally recom-
mended against for patients with gout, regardless 
of disease activity.

Medications noted above are known to have effects on SU 
concentrations (110). The Voting Panel made recommendations 
specific to hydrochlorothiazide and losartan (111) in clinical sce-
narios where such changes are feasible. Switching, stopping, or 
adding a medication should only be considered when the poten-
tial SU concentration/gout benefits exceed the potential risks or 
harms of the medication change.

Recognizing that there are few practical alternatives to low- 
dose aspirin, the Voting Panel specifically recommended against 

its cessation as a means of SU reduction when a patient is taking 
it for an appropriate indication. Likewise, the Voting Panel spe-
cifically recommended against adding or switching cholesterol- 
lowering agents (e.g., statins, bile acid sequestrants, nicotinic acid 
agents, etc.) to fenofibrate despite its urate- lowering effects (112), 
as the risks, including side effects of the medication, were felt to 
outweigh potential benefits. Although likely to render only modest 
urate- lowering effects, switching from an angiotensin- converting 
enzyme inhibitor to losartan carries a risk that seems to be suf-
ficiently low in most patients to merit this change when feasible 
(for all recommendations for management of concurrent medica-
tions, see Table 8 and Supplementary Figure 5, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24180/abstract).

DISCUSSION

This guideline reinforces many of the prior 2012 ACR Guide-
lines for the Management of Gout recommendations with updated 
literature and GRADE methodology, including incorporation of 
patient preferences and consideration of costs. The Voting Panel 
endorsed 42 recommendations overall, including 16 strong rec-
ommendations focused on ULT management (indications [n = 3], 
initiation [n = 6], titration and treat- to- target approach [n = 2], 
approaches following ULT failure [n = 2]), and flare management 
(n = 3).

Data from more recent RCTs comparing treat- to- target pro-
tocols versus usual care (43,61) provide the basis for the strong 
recommendation to use a treat- to- target strategy with ULT that 
includes a plan to achieve and maintain an SU target of <6 mg/dl 
to optimize patient outcomes. Findings from the evidence report 
resonated with the Patient Panel who concurred that their own 
SU levels correlated with related symptoms and changes in tophi. 
Patients on this panel articulated that SU assessments reinforced 
the importance of treatment adherence.

These guidelines reinforce the strategy of starting with low- 
dose ULT and titrating up to achieve the SU target. This strat-
egy mitigates the risk of treatment- related adverse effects (e.g., 
hypersensitivity) as well as flare risk accompanying ULT initiation 
(39,41). Lacking data on optimal titration regimens, the Voting 
Panel indicated that titration should be individualized, based on 
available provider resources (e.g., staff for augmented delivery of 
care), patient preferences, the timing of ambulatory encounters, 

Table 8. Management of concurrent medications*

Recommendation
PICO 

question
Certainty of 

evidence
For patients with gout, regardless of disease activity, we conditionally recommend 

switching hydrochlorothiazide to an alternate antihypertensive when feasible. 
47 Very low

We conditionally recommend choosing losartan preferentially as an antihypertensive when feasible. 47 Very low
We conditionally recommend against stopping low- dose aspirin (in those who are taking this medication for 

appropriate indications).
47 Very low

We conditionally recommend against adding or switching to fenofibrate. 47 Very low

* PICO = population, intervention, comparator, outcomes. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24180/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24180/abstract
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and antiinflammatory treatments. As described above, ULT titra-
tion should occur over weeks to months, not years. The 2012 
ACR Guidelines for the Management of Gout recommended titra-
tion every 2–5 weeks (5). As noted in the ACR Clinical Quality Mea-
sures for Gout, SU concentrations should be checked after each 
dose titration (113). To limit the risk of ULT- related flares, these 
guidelines reinforce prior recommendations to use concurrent 
antiinflammatory prophylaxis for 3–6 months’ duration, a shorter 
duration than advocated for in prior recommendations, but one 
that should be extended in the setting of frequent ongoing flares.

Breaking from prior ACR and European League Against 
Rheumatism (EULAR) guidelines, this guideline does not specify 
SU thresholds beyond <6 mg/dl for patient subsets with more 
severe disease (e.g., those with tophi). This guideline is not 
intended to contradict or dispute prior recommendations. There 
is ample evidence that lower SU levels hasten the resolution of 
tophi (23,114) and are associated with less frequent gout flares 
(26,114), suggesting that lower SU thresholds may be preferable 
for patients with more burdensome gout. However, in contrast to 
a treatment strategy using an SU target of <6 mg/dl as studied in 
clinical trials (43), there are no trial data to support lower specific 
thresholds for such patients.

In contrast to the 2012 ACR Guidelines for the Manage-
ment of Gout (which did not consider treatment costs), this doc-
ument firmly places allopurinol as the preferred first- line ULT for 
all patients, including those with CKD, due to the respective cost 
of each medication and potential CVD safety concerns that have 
recently emerged with febuxostat (72).

Under GRADE methodology, recommendations in these 
guidelines are supported by higher quality studies than the 2012 
ACR Guidelines for the Management of Gout. This resulted in 
a more focused, less proscriptive document. Where certainty of 
data is less than moderate or high, conditional recommenda-
tions made herein are meant to highlight those decisions that 
would benefit from a shared patient- provider decision- making 
process. This would include areas such as diet, lifestyle, or con-
comitant medications that might affect SU levels, and for which 
the Patient Panel requested guidance. The Voting Panel aimed 
to provide guidance without implying any “patient- blaming” for 
the manifestations of gout given its strong genetic determinants.

Indications for ULT are expanded from the 2012 ACR Guide-
lines for the Management of Gout, but consistent with the 2016 
update of the EULAR gout recommendations (10), to include 
individuals with evidence of radiographic damage attributable to 
gout (using any modality, regardless of subcutaneous tophi or flare 
frequency). This strong recommendation recognizes the various 
ways in which gout may present, and that joint damage is reflective 
of an active biologic process. Also added were conditional recom-
mendations (which would warrant provider- patient shared medi-
cal decision- making discussion) for ULT use in patients with either 
infrequent flares (<2 flares/year) or a first flare with marked hyper-
uricemia (SU >9 mg/dl). Similar to the 2012 ACR Guidelines for the 

Management of Gout, the Voting Panel advocated a “medication- 
in- pocket” strategy for gout flare management, which the Patient 
Panel reinforced as a preferred approach.

This updated guideline effort also identifies several areas 
that inform a research agenda for gout management. While 
data support an active treat- to- target strategy, a question 
remains as to what may be the optimal SU threshold for 
patients with more severe disease, in addition to questions 
about threshold values in specific populations of gout patients. 
Gout has differential impact on patients by sex, race, or by 
presence of other comorbidities. This guideline is limited in 
commenting on specific groups of gout patients, as more 
studies of specific patient cohorts are needed in order to make 
differential recommendations. Additional studies are needed 
to determine the safety of prolonged and profound treatment- 
related hypouricemia (e.g., SU ≤3 mg/dl), an important knowl-
edge gap given that epidemiologic studies have suggested 
an inverse association of SU concentration with select neu-
rodegenerative disorders (115). While there are associations 
between SU and other comorbid conditions such as hyper-
tension, CVD, and CKD (116), the benefit (or risk) of ULT in the 
absence of gout has yet to be established (117).

Gout has been characterized as a “curable disease” (118). 
As data continue to emerge supporting best practices in manage-
ment, implementation of these recommendations will ideally lead 
to improved quality of care for patients with gout.
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Clinical and Molecular Phenotyping in Scleromyxedema 
Pretreatment and Posttreatment With Intravenous 
Immunoglobulin
Christopher A. Mecoli,1  C. Conover Talbot Jr.,1 Andrea Fava,1 Christopher Cheadle,2 Francesco Boin,3  
Fredrick M. Wigley,1 and Laura K. Hummers1

Objective. Scleromyxedema (SMX) is a rare systemic sclerosis mimic that often responds to intravenous 
immunoglobulin (IVIG) therapy, yet the resulting clinical and biochemical changes have not been well characterized. 
To better understand the pathogenesis of the disease and the efficacy of IVIG, we sought to explore whether IVIG 
would introduce a measurable biologic effect corresponding with clinical improvement.

Methods. Fifteen patients with SMX were recruited for the study. Clinical information and peripheral blood 
mononuclear cells for flow cytometry were obtained immediately before and again 1–2 weeks after patients received 
IVIG therapy. Ten patients also underwent skin biopsies for gene expression analysis both before and after IVIG therapy. 
Clinical data included measures of skin involvement (modification of the modified Rodnan skin thickness score [MMRSS] 
and percentage of body surface area) and several patient- reported outcome measures assessing patients’ skin.

Results. Posttreatment, the average MMRSS score decreased from mean ± SD 13.6 ± 2.6 to 10.3 ± 1.9; P = 
0.003. There were also significant improvements in skin flexibility (mean ± SD 5.4 ± 0.8 to 3.2 ± 0.7; P = 0.003) and 
softening (mean ± SD 4.9 ± 0.9 to 2.6 ± 0.6; P = 0.022). Baseline levels of Tc17 cells (CD8+CCR6+CXCR3+CCR4–) 
correlated with the extent of skin involvement as measured by MMRSS pretreatment (r = 0.69, P = 0.012) and 
decreased after IVIG therapy (mean ± SD 3.4% ± 3.2% to 1.3% ± 1.7%; P = 0.008). Posttreatment analysis of RNA 
in skin tissue revealed a decrease in gene expression of transforming growth factor β (TGFβ) cytokines as well as 
several interferon- inducible proteins.

Conclusion. This open- label study further supports the evidence that patients with SMX respond both objectively 
and subjectively to IVIG therapy. Biologic studies suggest a role for T lymphocytes in the pathogenesis of the disease 
and reveal the potential significance of TGFβ and interferon pathways.

INTRODUCTION

Scleromyxedema (SMX) is a rare chronic mucinous disorder 
of unknown origin (1–4). Due to its rarity, literature pertaining to 
this condition is largely limited to case reports and case series  
highlighting clinical phenotype (5–7) and treatment response (8–10). 
Diagnostic criteria have been proposed and include 1) generalized 
papular and sclerodermoid eruption, 2) evidence of monoclonal 
gammopathy, 3) a characteristic pathologic triad of dermal mucin 

accumulation, increased collagen deposition, and fibroblast prolif-
eration, and 4) absence of thyroid disease (11). In general, patients 
are managed successfully with intravenous immunoglobulin (IVIG), 
although some patients require adjunctive therapies.

To better understand the pathogenesis of the disease and 
the efficacy of IVIG, we sought to explore whether IVIG would 
introduce a measurable biologic effect corresponding with clinical 
improvement. Specifically, we prospectively followed a group of 
SMX patients with a prespecified protocol and obtained clinical, 
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cellular (flow cytometry), and molecular (RNA expression) data 
over time.

PATIENTS AND METHODS

Patients. Fifteen patients with SMX who were prescribed 
IVIG therapy were recruited from the Johns Hopkins Scleroderma 
Center. Patients were diagnosed with SMX based on classic pap-
ular and sclerodermoid eruption, clinical biopsy results consistent 
with SMX histopathology, and the absence of thyroid disease. 
All but 1 patient had a monoclonal gammopathy of undeter-
mined significance (MGUS). Patients were enrolled as either new, 
treatment- naive individuals or as patients undergoing IVIG main-
tenance therapy. All patients had involved skin at enrollment, and 
no patient was on any adjuvant therapy. There was no threshold 
percent body surface area (BSA) upon which IVIG was contingent; 
rather, the decision to treat with IVIG was informed by the knowl-
edge that the natural disease course of SMX can include severe 
systemic complications and death if left untreated (1–3). Skin 
biopsies and peripheral blood mononuclear cells (PBMCs) were 
obtained from patients within the week prior to their IVIG infusion 
(either their initial infusion, e.g., new start, or their maintenance 
infusion). After completion of the infusion, a second skin biopsy 
and PBMC samples were obtained. This second data collection 
point was completed ~1–2 weeks after the IVIG was completed. 
All patients received IVIG at a dose of 2 gm/kg over a period rang-
ing from 2–5 days. In our center, all patients initiating IVIG receive 
the infusion every 4 weeks and subsequently have the infusion 
interval increased (e.g., every 6–12 weeks) once their improve-
ment in skin involvement has plateaued.

At each visit before and after IVIG therapy, patients were 
assessed in terms of the BSA involved, Health Assessment Ques-
tionnaire disability index (HAQ DI) scores, and physician global 
assessment (see Supplementary Appendix A, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23908/ abstract). For the assessment of skin, 
we adapted the modified Rodnan skin thickness score (MRSS), 
which is used to assess skin thickness in a related disease, sys-
temic sclerosis (SSc). We further modified the MRSS to include 
the assessment of an additional 3 areas relevant to SMX patients: 
the back, ears, and neck. Thus, a total of 20 areas were assessed, 

scored 0–3, for a total maximum score of 60. This modification of 
the MRSS (MMRSS) is a nonvalidated means of assessment used 
to estimate the extent of skin involvement in SMX.

At each visit, patients completed visual analog scales for 
skin pain, itch, flexibility, softening, global skin score, and whether 
new areas of skin change were present. The data abstraction 
sheet can be found in Supplementary Appendix B, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23908/ abstract. A single physician (LKH) 
evaluated all patients at both time points and was blinded to prior 
MMRSS data when scoring. Clinical data were also abstracted 
from charts, including any history of neurologic complications sec-
ondary to SMX (defined as coma, encephalopathy, and/or seizure 
that improved with IVIG and lacked an alternative explanation) and 
the presence of an MGUS on immunofixation. All SMX patients 
in our center undergo annual blood testing, including a complete 
blood count, comprehensive metabolic panel, serum protein elec-
trophoresis, as well as immunofixation to screen for malignant 
transformation.

Flow cytometry. PBMCs were isolated from whole 
blood through Ficoll- Paque Plus density- gradient centrifugation 
(GE Healthcare). PBMCs were stained using panels of cell sur-
face markers designed to assess polarization, memory, activa-
tion, and trafficking cell phenotypes. Analysis was conducted 
using FCS Express V6.0 (De Novo Software). A complete list of 
the antibodies and fluorochromes used for staining can be found 
in Supplementary Appendix C, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23908/ abstract. Samples for 2 patients had inadequate 
PBMC preparation and staining, and thus these data were con-
sidered not valid for inclusion in the data set. Data from patients 
with SSc as well as healthy participants were included for com-
parison purposes using the same panel of cell surface markers. 
These data were collected from prior experiments (12) unrelated 
to the current study.

Microarray data. In the study, all patients underwent a skin 
biopsy; however, sample quality was adequate in only 10 pairs of 
samples (i.e., pre- IVIG and post- IVIG samples from 10 patients). 
The remaining 5 patients had at least 1 poor- quality sample that 
precluded analysis. Thus, 10 of the 15 skin biopsy pairs under-
went gene expression analysis. The first biopsy was taken from 
clinically involved skin before IVIG (typically the forearm or back), 
and the second was taken adjacent to the first biopsy or from the 
same area on the contralateral side of the body after IVIG. The 
HumanHT- 12 v4 Expression BeadChip microarray (Illumina) was 
used to evaluate gene mRNA expression and determine differen-
tial expression in the biopsied tissues pre-  and post- IVIG. Pathway 
and further functional analyses of the >2 SD differentially regulated 
genes were explored using the Ingenuity Pathway Analysis (IPA) 
platform (QIAGEN).

SIGNIFICANCE & INNOVATIONS
• This study further supports the evidence that 

patients with scleromyxedema respond both 
objectively and subjectively to intravenous immuno-
globulin (IVIG) therapy.

• Biologic studies suggest a role for CD8 lymphocytes 
in the pathogenesis of the disease, and a decrease in 
transforming growth factor β and interferon-related 
pathways were observed post-IVIG treatment.
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Statistical analysis. Clinical characteristics were com-
pared using Student’s t- test for normally distributed continuous 
variables, Spearman’s r for correlation, and Fisher’s exact test for 
categorical pathways. Two- tailed pairwise t- tests were utilized for 
pre-  and posttreatment comparisons. For nonnormally distributed 
variables, Wilcoxon- Mann- Whitney testing was used. Stata, ver-
sion 14, Partek Genomics Suite, version 6.6 (Partek), and Spotfire 
DecisionSite with Functional Genomics (TIBCO Spotfire) along 
with IPA were used for all microarray analyses. This study was 
approved by the Johns Hopkins Institutional Review Board.

RESULTS

Clinical outcomes. Demographic data and disease char-
acteristics can be found in Table 1. Twelve of the 15 patients were 
receiving maintenance IVIG, and 3 were treatment naive. The 
average duration on IVIG for the 12 patients on maintenance ther-
apy was mean ± SD 4.2 ± 2.5 years, and the average number of 
IVIG infusions they received was 24. All patients except for 1 had 
an MGUS, 12 of which were IgGλ, and 2 of which were IgGκ. 
Posttreatment, the average MMRSS decreased from mean ± SD 
13.6 ± 2.6 to 10.3 ± 1.9; P = 0.003. Skin flexibility, skin soften-
ing, and skin global all improved as assessed using visual analog 
scales and were statistically significant (Table  2). Patients who 
were treatment naive had a greater response to IVIG (MMRSS 

decrease from mean ± SD 20.6 ± 5.1 to 13.3 ± 4.7; P = 0.002) 
compared to those patients on maintenance therapy (mean ± SD 
11.9 ± 10.4 decreased to 9.5 ± 8.1; P = 0.034). Similar trends 
were noted in skin flexibility (treatment naive mean ± SD 7.4 ± 1.0 
to 0.5 ± 0.5; maintenance 4.9 ± 3.6 to 3.9 ± 3.0). The MMRSS 
was found to correlate moderately with HAQ DI scores (r = 0.47, 

P = 0.009).

Immune cell populations. We assessed CD4 and CD8  
T cell and B cell populations both before and after treatment. CD4 
and CD8 cells were further subcategorized as naive, central mem-
ory, effector memory, and effector memory T cells that re-express 
CD45RA (EMRA) as defined by CD45RA and CCR7 status.

Comparing posttreatment to pretreatment, several dif-
ferences were observed (Table  3). The percentage of CD8+ T 
cells decreased significantly from mean ± SD 26% ± 8.7% to 
23% ± 7.7%; P = 0.003. Among CD8 T cell subsets, the proportion 
of Tc17 cells (CD8+CXCR3+CCR6+) decreased from mean ± SD 
3.4% ± 3.1% to 1.3% ± 2.4%; P = 0.008. This Tc17 cell decline 
was more pronounced in treatment- naive patients compared to 
patients receiving maintenance therapy (mean ± SD 6.0% ± 7.0% 
to 3.5% ± 3.8% versus 2.8% ± 2.2% to 0.8% ± 0.3%). Conversely, 
CD19+CD27+ cells increased posttreatment from 43% ± 23% 
to 49% ± 22%; P = 0.23. Treatment- naive patients had a larger 
increase, from mean ± SD 24% ± 8% to 40% ± 36% compared 
to those receiving maintenance (mean ± SD 43% ± 20% to 
53% ± 20%), although neither increase was statistically signif-
icant. No significant differences were observed comparing pre-  
and posttreatment in naive central memory, effector memory, 
or EMRA CD8+ cell populations. The correlation between each 
cell population and the extent of skin involvement as measured 
by the MMRSS was in general low, with Spearman correlation 
coefficients of <0.4. One notable exception included Tc17 cells 
(r = 0.69, P = 0.012) (see Supplementary Figure 1, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23908/ abstract).

Next, we sought to compare select cell populations between 
patients with SMX (pre- IVIG) and healthy controls. In addition, 

Table  1. Clinical and demographic information for enrolled 
scleromyxedema patients*

Value
Female sex 12 (80)
Age, mean ± SD years 53 ± 11
White race 14 (93)
Prior neurologic involvement 2 (13)
IgG MGUS 14 (93)

Lambda, no. 12
Kappa, no. 2

Treatment naive 3 (20)
* Values are the number (%) unless indicated otherwise. MGUS = 
monoclonal gammopathy of undetermined significance. 

Table  2. Clinical and patient- reported outcomes pre– and post–intravenous 
immunoglobulin (IVIG) therapy*

Clinical parameters Pre- IVIG Post- IVIG P
Physician global assessment 1.4 ± 0.2 1.1 ± 0.2 0.100
Body surface area, % 36 ± 38 25 ± 29 0.099
Skin scale pain score (range 0–10) 1.8 ± 2.4 1.4 ± 2.4 0.252
Skin scale flexibility score (range 0–10)† 5.4 ± 3.5 3.3 ± 3.1 0.013
Skin scale softening score (range 0–10)† 4.9 ± 3.4 2.7 ± 2.5 0.022
Skin scale global score (range 0–10) 4.5 ± 3.3 2.7 ± 2.4 0.029
HAQ DI score 0.62 ± 0.7 0.54 ± 0.2 0.403
MMRSS score 13.6 ± 2.6 10.3 ± 1.9 0.003

* Values are the mean ± SD unless indicated otherwise. HAQ DI = Health Assessment 
Questionnaire disability index; MMRSS = modification of the modified Rodnan skin 
thickness score. 
† 0 = best possible outcome, e.g. “no pain/no itching,” or “best flexibility.” 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23908/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23908/abstract
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given the clinical and histopathologic similarities between SMX and 
SSc (such as the presence of Raynaud’s phenomenon, esopha-
geal dysmotility, and skin fibrosis on biopsy), we also compared 
cell populations between SMX and SSc. Patients with SMX, SSc, 
and healthy controls were similar with regards to age (mean ± SD 
53 ± 11 years versus 53 ± 12 years versus 45 ± 14 years), sex 
(80% female versus 82% versus 60%), and race (80% white ver-
sus 93% versus 81%). Patients with SMX had a significantly higher 
proportion of effector memory and EMRA CD8 T cells compared 
to healthy controls (38% and 26% of total CD8, respectively, com-
pared to 27% and 20%). A similar result was observed comparing 
SMX to SSc. Accordingly, we observed a lower proportion of naive 
and central memory CD8 cells (28% and 5.7%, respectively, com-
pared to 42% and 15% in SSc patients; P < 0.05). We observed 
a similar pattern with effective memory CD4 T cells (17% in SMX 
patients versus 10% in SSc patients; P = 0.008, and 12% in 
healthy controls; P = 0.209) (see Supplementary Table 1, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23908/ abstract).

Microarray on skin biopsies. Post- IVIG, the individual 
genes that were most up- regulated (defined by >6 SD, correspond-
ing to a linear fold change >1.69) were found to be involved in epi-
thelial cell stability and integrity pathways. These include filaggrin- 2 
(FLG2), associated with establishment of a skin barrier, keratin 77 
(KRT77), a structural protein involved in the stability and integrity of 
epithelial cells, desmoglein 1 (DSG1), which represents a desmo-
glein protein subfamily involved in the formation of desmosomes 
(cell–cell junctions that help stabilize cells from mechanical stress), 
and EPCAM, which functions as a calcium- independent epithe-
lial cell adhesion molecule. The top 3 canonical pathways that 
were most affected post- IVIG involved cell movement and fibrosis: 
1) granulocyte adhesion and diapedesis, 2) agranulocyte adhe-

sion and diapedesis, and 3) hepatic fibrosis/hepatic stellate cell 
activation. The false discovery rate (FDR)–adjusted Fisher’s exact 
test P values (via Benjamini- Hochberg procedure) for these 3 path-
ways were 5.9 × 10−8, 8.3 × 10−7, and 1.63 × 10−4, respectively. 
The majority of genes involved in the granulocyte and agranulo-
cyte pathways were down- regulated >2 SD post- IVIG, as shown 
in Figure 1. We next performed upstream regulator analysis (URA) 
on the microarray data. URA determines likely upstream regulators 
that are connected to the data set genes through a set of direct 
or indirect relationships and can include any gene or small mole-

Table 3. Comparison of cell populations before and after intravenous immunoglobulin (IVIG) therapy and the relationship to skin 
involvement*

Lymphocyte population
All 

patients
Pre- IVIG 
(n = 12)†

Post- IVIG 
(n = 12)† P

Correlation 
between 

lymphocyte 
population 

and MMRSS 
(pre- IVIG) P

CD4 cells (% of total CD3+ cells) 66 ± 9.4 65 ± 9.5 67 ± 9.5 NS 0.19 NS
CD8 cells (% of total CD3+ cells) 23.9 ± 8.5 26 ± 8.7 23 ± 7.7 0.003‡ –0.25 NS

CD8+CXCR3+CCR6+ (% of total CD8+ cells) 2.5 ± 2.8 3.4 ± 3.1 1.3 ± 2.4 0.008‡ 0.69 0.012‡
Naive CD8 (% of total CD8+ cells) 27 ± 18 28 ± 18 26 ± 17 NS 0.04 NS
Central memory CD8 (% of total CD8+ cells) 5.7 ± 4.4 6.2 ± 5.1 5.1 ± 3.7 NS 0.10 NS
Effector memory CD8 (% of total CD8+ cells) 40 ± 16 38 ± 14 43 ± 17 NS 0.07 NS
Effector memory RA CD8 (% of total CD8+ cells) 25 ± 26 26 ± 27 25 ± 25 NS –0.08 NS

CD19+ cells (% of CD3-  cells) 3.9 ± 3.8 3.7 ± 1.9 4.0 ± 5.1 NS 0.28 NS
CD19+CD27+ cells (% CD3−CD56− cells) 46 ± 22 43 ± 23 49 ± 22 NS 0.36 NS

* MMRSS = modification of the modified Rodnan skin thickness score; NS = not significant.
† Given that a paired t- test was performed, analysis could only be performed if data were available for samples both before and after 
IVIG therapy. 
‡ Significant. 

Figure 1. Microarray gene expression analysis volcano plot where 
the x- axis depicts differential expression as log2 fold change, and 
the y- axis depicts statistical significance as –log10 P value. Pathway 
analysis detected a decrease in chemotaxis and cell movement in 
granulocytes and agranulocytes post–intravenous immunoglobulin 
(IVIG) treatment. Related genes on the left (blue) represent those 
that significantly decreased post- IVIG treatment by a fold change of 
>2 SD. The single gene in the red box represents the sole gene with 
significantly increased expression after treatment.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23908/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23908/abstract
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cule that has been observed experimentally to affect gene expres-
sion (13). Consistent with the significance of the hepatic fibrosis 
pathway, the top predicted upstream regulator was transforming 

growth factor β (TGFβ) (Z score –2.24, FDR- adjusted P = 5.79 × 
10−24), which was predicted to be inhibited post- IVIG. Examining 
the hepatic fibrosis and TGFβ pathways (Figures 2 and 3), sev-

Figure 2. Ingenuity pathway analysis of transforming growth factor β (TGFβ) signaling throughout different cellular compartments. In the 
extracellular space, TGFβ cytokines including TGFβ1–3 and bone morphogenetic proteins 2, 4, and 7 were down- regulated post–intravenous 
immunoglobulin infusion. Predicted downstream effects are depicted by the arrows. Those genes outlined in purple signify a decrease by >2 
SD.

Figure  3. Ingenuity pathway analysis of hepatic stellate cell activation. Several downstream and nuclear genes (within blue circle) are 
decreased post–intravenous immunoglobulin infusion. Those genes outlined in purple signify a decrease by >2 SD. IL6 = interleukin- 6; LDP = 
lipopolysaccharide binding protein; TNF = tumor necrosis factor.



MECOLI ET AL 766       |

eral TGFβ cytokines (TGFβ1, TGFβ2, TGFβ3, bone morphogenic 
proteins 2, 4, and 7) were decreased post- IVIG, with TGFβ3 and 
bone morphogenetic protein 4 decreasing >2 SD.

We next performed causal network analysis, which is a gen-
eralization of URA that connects upstream regulators to data 
set molecules but takes advantage of paths that involve >1 link 
(i.e., through intermediate regulators) and can be used to generate 
a more complete picture of possible root causes for the observed 
expression changes (13). The top 2 causal network regulators 
were IFNG (FDR- adjusted bias- corrected P = 3.21 × 10−38) and 
IFNA8 (FDR- adjusted bias- corrected P = 4.64 × 10−35), both of 
which were predicted to be inhibited post- IVIG. Consistent with 
IPA’s predicted inhibition of interferon signaling, several genes 
encoding IFN- induced proteins were down- regulated post- IVIG 
by >2 SD, including IFITM1, IFITM2, IFITM3, and IFI35.

Last, given the almost universal presence of an MGUS in 
SMX patients and the efficacy of treatments directed at B cell/
plasma cell disorders, we examined pathways involving B cells to 
determine whether IVIG might have any effect. These pathways 
included phosphoinositide 3- kinase signaling in B lymphocytes, 
FcγRIIB signaling in B lymphocytes, and B cell receptor signaling. 
However, none of these pathways was significantly changed com-
paring post-  to pre- IVIG in the skin biopsy specimens.

DISCUSSION

In this study, we report on a group of SMX patients treated 
at a single institution with protocol- driven data collection of clin-
ical variables as well as blood and skin biospecimens. From a 
treatment perspective, all patients responded to IVIG therapy, with 
the largest improvements observed in the treatment- naive group. 
Changes after IVIG imply disease modification and possibly an 
impact on disease activity. We have shown that physician- rated 
skin severity as measured by the MMRSS and BSA percent-
age decreases after IVIG. Patient- reported outcome measures, 
including skin texture and symptoms, improved as well. We 
have also introduced a new measure, the MMRSS, in assessing 
these patients over time to quantify improvement and treatment 
response, contributing to its validity as an outcome measure. Of 
note, patients’ skin pain score and HAQ DI did not significantly 
improve post- IVIG; however, we believe this is likely a floor effect 
of the patient- reported outcome measure given the low values 
that were present before treatment.

Given the rarity of SMX, no data are available in the literature 
investigating changes of biologic parameters over time and after 
treatment in subjects with this condition. Therefore, in addition to 
quantifying the clinical response, we sought to investigate cellular 
changes and RNA expression. The decision to focus on T and 
B lymphocyte cell populations was informed by a case series 
of 34 SMX patients conducted by Rongioletti et al in which they 
described histopathologic features (6). Their group described the 
presence of a superficial perivascular lymphoplasmacytic infiltrate 

in all specimens; the lymphocytes were largely CD3+ with approx-
imate equal numbers of CD4+ and CD8+ T cells. The notion that 
B cells are involved in the pathogenesis of SMX stems from the 
almost universal presence of an MGUS in patients, plasma cells in 
skin biopsy specimens, and the efficacy of treatments directed at 
B cell and plasma cell disorders such as multiple myeloma (1,2,4).

Data from this exploratory study are intended to generate 
new hypotheses, for example, that specific T lymphocyte pop-
ulations may be implicated in the pathogenesis in SMX. This is 
supported by 1) moderate correlations between these popula-
tions and objective measures of skin involvement, 2) a decrease in 
these populations post- IVIG, 3) greater magnitude of change seen 
in treatment- naive patients compared to those on maintenance 
treatment, and 4) significant differences in T cell populations com-
paring SMX with healthy controls and SSc patients. However, it is 
possible these observations are not related to disease pathogen-
esis but rather to an independent effect of IVIG. It is also possible 
that some of the results described provide statistical rather than 
clinically/biologically relevant data. Further efforts are needed in 
future studies to include more treatment- naive individuals where 
larger differences may be observed.

The function of the CD8 T cell populations of interest, Tc17, 
has been well- described in the autoimmune literature, and periph-
eral blood Tc17 cells have been reported to correlate with disease 
activity in multiple sclerosis and psoriasis (14,15). Tc17 cells are 
considered to be a CD8 T cell subset, similar to subsets of CD4 
such as Th1, Th2, and Th17. Like Th17, Tc17 cells have the ability 
to secrete IL- 17, as well as other proinflammatory cytokines such 
as IL- 22 and IFNγ (16,17). IFNγ is of particular interest given the 
predicted decrease in interferon signaling in the IPA analysis. This 
prediction was substantiated by a measurable decrease in several 
IFN- inducible proteins by >2 SD. Notably, IVIG has been shown 
to attenuate IFNγ signaling and IFNγ- induced gene expression in 
both infectious and autoimmune models (18).

An additional major finding of the RNA expression analy-
sis was a decrease in TGFβ cytokines post- IVIG treatment. 
These cytokines are involved in a host of processes, includ-
ing the regulation of extracellular matrix remodeling and 
activity of matrix metalloproteinases (19,20). IVIG has been 
shown to downregulate TGFβ1 mRNA and protein in scle-
roderma mouse models (TSK/+ mouse) (21) as well as other 
rheumatic diseases including dermatomyositis (22); but whether 
the decrease in these gene expressions is reflective of disease 
pathogenesis or IVIG treatment itself warrants further study. Inter-
estingly, in the related disorder SSc, both interferon and TFGβ- 
regulated gene expression have been associated with clinical 
features including interstitial lung disease (23).

The strengths of this study include a relatively large number 
of patients with an extremely rare disease. In the absence of vali-
dated outcome measures, we believe the single- center nature is a 
strength, in that having a single physician assess patients longitu-
dinally increases the interrater reliability (24). Furthermore, having 
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all patients treated with the same medication, IVIG, increases the 
homogeneity of the population. Last, protocol- driven, compre-
hensive clinical and laboratory assessments allow for hypothesis 
generation and the ability to inform larger longitudinal studies.

One of the limitations of the study is that the large number of 
patients receiving maintenance therapy may have attenuated any 
relevant biologic signals, which would be most pronounced in a 
treatment- naive population, as our data suggest. In addition, all 
patients responded to IVIG as evidenced by improvements in the 
MMRSS and patient- reported outcome measures, and thus we 
could not assess for any predictors of treatment failure. Also, we 
could not comment as to whether the biologic changes observed 
were due to a direct effect by IVIG independent of the disease pro-
cess or whether the IVIG administration was indeed altering the 
pathogenesis of SMX. Last, certain subgroups within SMX (e.g., 
differences in MGUS type, history of neurologic symptoms related 
to SMX) were too infrequent to be studied with flow cytometry and 
gene expression analyses.

In conclusion, this study further supports the evidence that 
patients with SMX respond both objectively and subjectively to 
IVIG therapy. Biologic studies suggest a role for T lymphocytes 
in the pathogenesis of the disease and reveal the potential signif-
icance of TGFβ and interferon pathways. This exploratory study 
sets the foundation for both biologic and therapeutic future inves-
tigations.
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Effect of Group- Based Outpatient Physical Therapy on 
Function After Total Knee Replacement: Results From a 
Multicenter Randomized Controlled Trial
Erik Lenguerrand,1 Neil Artz,2 Elsa Marques,1 Emily Sanderson,1 Kristina Lewis,3 James Murray,4 Tarique Parwez,5 
Wendy Bertram,4 Andrew D. Beswick,1 Amanda Burston,1 Rachael Gooberman-Hill,6 Ashley W. Blom,7 and 
Vikki Wylde6

Objective. To evaluate the long- term clinical effectiveness of a novel group- based outpatient physical therapy 
(PT) following total knee replacement (TKR).

Methods. In this 2-center, unblinded, superiority, randomized controlled trial, 180 patients on a waiting list 
for primary TKR due to osteoarthritis were randomized to a 6 session group- based outpatient PT intervention 
and usual care (n = 89) or usual care alone (n = 91). The primary outcome was patient- reported functional ability 
measured by the Lower Extremity Functional Scale at 12 months postoperative. Secondary outcomes included 
knee symptoms, depression, anxiety, and satisfaction. Questionnaires were completed preoperatively and at 3, 6, 
and 12 months postoperatively.

Results. The mean difference in function between groups was 4.47 (95% confidence interval [95% CI] 0.20, 8.75; 
P = 0.04) at 12 months postoperative, favoring the intervention. The mean difference in function between groups 
decreased over time, from 8.1 points at 3 months (95% CI 3.8, 12.4; P < 0.001) to 5.4 (95% CI 1.1, 9.8; P = 0.015) at 
6 months postoperative. There were no clinically relevant differences in any secondary outcomes between groups, 
although patients in the intervention group were more likely to be satisfied with their PT. No serious adverse events 
related to the intervention were reported.

Conclusion. Supplementing usual care with this group- based outpatient PT intervention led to improvements 
in function at 12 months after TKR, although the magnitude of the difference was below the minimum clinically 
important difference of 9 points. However, patient satisfaction was higher in the intervention group, and there was 
some evidence of clinically relevant improvements in function at 3 months.

INTRODUCTION

Total knee replacement (TKR) is a common opera
tion, with ~100,000 TKRs performed annually in the NHS  

(1,2). The surgery is performed to reduce pain and im 
prove  function for individuals with osteoarthritis; however, 
20–30% of patients with TKR report long term disability 
(3), and 20% report chronic pain (4). These poor outcomes 
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can have a considerable negative impact on quality of  
life (5,6).

Physical therapy (PT) is often provided to patients under
going TKR and aims to optimize physical function. PT can be 
provided before surgery, in the postoperative ward, or on an 
outpatient basis after surgery. There is conflicting evidence of 
the effectiveness of preoperative PT for improving postoperative 
functional outcome (7–9). Postoperative inpatient PT is focused 
on early functional recovery and independent mobilization to 
ensure safe hospital discharge rather than long term functional 
improvement. Outpatient PT has been shown to improve func
tion up to 3 months after TKR, although there is insufficient evi
dence to determine clinical effectiveness beyond 3 months after 
surgery (10).

In the UK, provision of PT after TKR is variable (11), and 
no definitive guidelines currently exist. Evidence is needed to 
guide the provision of effective PT services for patients with TKR. 
The primary aim of this randomized controlled trial (RCT) was 
to determine the clinical effectiveness of a novel group based 
outpatient PT intervention for improving long term function after 
primary TKR.

MATERIALS AND METHODS

Trial design. The Activity Orientated Rehabilitation Fol
lowing Knee Arthroplasty (ARENA) study was a multicenter, 
pragmatic, unblinded, superiority RCT. Follow up assessments 
were performed at 3, 6, and 12 months postoperative, with 
a primary outcome of patient reported function at 12 months 
postoperatively. The trial was informed by a systematic review 
(10), survey of current practice (11), and feasibility study 
(12), and the protocol has been published previously (13). 
Reporting follows Consolidated Standards of Reporting Trials  
(CONSORT) guidelines (see Supplementary Material 1, availa
ble on the Arthritis Care & Research web site at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.23909/ abstract) and the Tem

plate for Intervention Description and Replication guidance for 
intervention reporting (14) (see Supplementary Material 2, avail
able at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ 
abstract). A full trial based cost effectiveness analysis will 
be reported separately. The trial was approved by National 
Research Ethics Committee Southwest–Central Bristol (refer
ence 14/SW/1144).

Patient and public involvement (PPI). The trial was 
developed and managed in collaboration with a PPI group (15) 
comprising 9 patients with musculoskeletal conditions. Further 
details of how PPI informed the trial are reported in Supple
mentary Material 3, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23909/ abstract, following guidance from the 
Guidance for Reporting Involvement of Patients and the Public 
2 short form (16).

Participants. NHS patients were recruited from preoper
ative assessment clinics at 2 orthopedic centers in Bristol, UK: 
Southmead Hospital and Emersons Green Independent Treatment 
Centre. All patients provided informed written consent prior to par
ticipation. Inclusion criteria were adults on the waiting list for pri
mary TKR due to osteoarthritis. Exclusion criteria were as follows: 
the inability to participate in exercise for medical reasons; being 
unable/unwilling to attend PT classes postoperatively; being una
ble/unwilling to provide informed consent; the inability to under
stand English; and postoperative complications within the first 2 
weeks of surgery that precluded participation in PT.

Randomization. Participants were randomized with 1:1 
treatment allocation to the intervention group or usual care 
group 2 weeks after TKR. Randomization with allocation con
cealment was conducted by the trial manager or trial admin
istrator (KL and WB) through the Bristol Clinical Trials and 
Evaluation Unit using a computer generated code that was 
administered centrally and communicated via the internet. Ran
domization was stratified by preoperative function measured by 
the Lower Extremity Functional Scale (LEFS) (17) (categorized 
as high or low function based on mean scores from a previous 
study [18]) and recruitment center. Due to the nature of the 
intervention, it was not possible to blind participants and trial  
personnel.

Usual care. At hospital discharge following TKR, patients 
at both centers were assessed on an individual basis by the inpa
tient PT team. All patients received advice on knee specific and 
functional exercises. Referral for outpatient PT was on a need only 
basis, with patients with poor range of motion or muscular weak
ness being further referred for outpatient PT. Criteria for referral 
differed between the centers and are described in Supplementary 
Material 4, available on the Arthritis Care & Research web site 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ abstract. 

SIGNIFICANCE & INNOVATIONS
• This trial found that supplementing usual care

with a novel group-based outpatient physical ther-
apy (PT) intervention led to an improvement in 
patient-reported function. While there was some 
evidence that the short-term improvements were 
clinically important, the magnitude of the benefit 
was not sustained in the longer term after total 
knee replacement.

• Patients randomized to the group-based outpatient
PT intervention were more satisfied with their PT 
treatment than patients in the usual care group, 
and the group format was considered beneficial 
because it provided peer support, motivation, and 
increased confidence.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23909/abstract
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General practitioners could also refer patients for outpatient PT 
as appropriate.

Intervention. Participants who were allocated to the 
intervention group received the intervention in addition to usual 
care. The intervention was a novel 1 hour group based PT class, 
starting at 6 weeks after surgery and delivered on a weekly basis 
over 6 consecutive weeks (see Supplementary Material 2). The 
classes were in an NHS outpatient gymnasium and included 
individualized exercises within a group based task orientated 
exercise circuit. Classes were run on a rolling system with a max
imum of 12 patients and supervised by 2 physical therapists or 
a physical therapist (NA) and PT technician. Delivery was in a 
group based setting, which is common in the NHS (11) and has 
been shown to be a cost effective way to deliver rehabilitation 
without compromising effectiveness (19).

Classes began with a short warm up, after which patients 
followed an exercise circuit consisting of 12 exercise stations. Ten 
stations were designed to increase leg strength, balance, func
tion, and confidence using task related activities. Two stations 
were dedicated to individualized exercises, which were developed 
in the first class to help participants achieve their functional goals. 
Individualized exercises aimed to improve patients’ ability to par
ticipate in valued activities (20), to empower patients to take an 
active role in rehabilitation, and to increase self efficacy (21,22).

Graded exercises were provided at each station to enable 
the patients to exercise at an intensity level suitable to their ability. 
Exercises progressed on an individual basis through discussion 
with the physical therapists (see Supplementary Material 5, avail
able on the Arthritis Care & Research web site at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.23909/ abstract). Participants were 
given an exercise booklet in which they recorded details about 
their weekly progress in the class. At the end of the intervention, 
participants were provided with an individualized home exercise 
plan. Attendance at sessions was recorded, and adherence to the 
intervention was predefined as attendance at ≥4 sessions.

Outcomes. Postal questionnaires were administered pre
operatively and at 3, 6, and 12 months after TKR. Participants 
completed additional preoperative questions on demographics, 
socioeconomic status, and medical comorbidities (23).

Primary outcome. The primary outcome was functional 
ability measured by the LEFS (17) at 12 months postoperative. 
Twelve months was the primary end point because functional 
outcomes after TKR start to plateau around this time (24). The 
LEFS is a validated 20 item questionnaire assessing lower ex
tremity function and difficulty in performing everyday tasks, with 
scores ranging from 0–80 (worst to best).

Secondary outcomes. The LEFS was collected at 3 and 
6 months to assess lower extremity function. Knee pain, 
symptoms, function in daily living, function in sports and rec
reation, and knee related quality of life were assessed using 

the Knee Injury and Osteoarthritis Outcome Score (KOOS) 
(25), with each subscale score ranging from 0 to 100 (worst to 
best). Depression and anxiety were assessed using the Hos
pital Anxiety and Depression Scale (HADS) (26), with subscale 
scores ranging from 0 to 21 (best to worst). Patient satisfac
tion was assessed using the Patient Satisfaction Scale (27), 
with scores ranging from 25 to 100 (worst to best). Satisfac
tion with PT was assessed using a 5 point Likert type scale 
(ranging from very satisfied to very dissatisfied). Self reported 
use of PT services was also captured. Health care resource 
use data, including data from the EuroQol 5 domain question
naire (28), were collected for the cost effectiveness analysis 
and will be reported separately.

Safety data. Participants self reported adverse events, 
and these were verified through medical records review. 
Serious adverse events (SAEs) were defined as any unto
ward medical occurrence that resulted in death, was life 
threatening, required inpatient hospitalization/prolongation of 
existing hospitalization, or resulted in persistent or significant 
disability/incapacity.

Process evaluation. Intervention. Participants who at
tended the classes were telephoned by a researcher 1 month 
after the classes and asked about their experiences of the in
tervention. Questions focused on satisfaction with the class
es, which aspects were helpful or unhelpful, adherence to the 
home exercise plan, and any barriers to performing the exer
cises. Responses were recorded on a standardized proforma, 
and free text data were analyzed using a descriptive content 
analysis.

Trial participation. After completion of the final questionnaire, 
all participants were telephoned and asked about their reasons 
for and experiences of participation and any perceived benefits 
or negative aspects to participation.

Sample size. The minimum clinically important difference 
(MCID) for the LEFS is 9 scale points (17). In our feasibility study 
(12), the pooled SD on the LEFS score at 6 months postoperative 
was 18.4 points. For the purposes of the sample size calculation, 
a similar SD for the LEFS at 12 months after TKR was assumed. 
To account for the uncertainty induced by estimating parameters 
from a small feasibility study, the assessed sample was adjusted 
by an inflation factor of 1.122, a value derived from the 80% upper 
confidence limit of the SD estimate (29). A sample of 166 (83 par
ticipants per arm) would allow the detection of an MCID in the 
LEFS between trial arms at 12 months postoperatively, assuming 
a power of 80%, a 2 sided 5% significance level, and account
ing for an inflation factor of 1.122. In our feasibility study, the rate 
of missing LEFS scores at 6 months postoperative was 9% in the 
intervention group and 35% in the usual care group. Assuming a 
35% loss to follow up, 256 patients would need to be recruited to 
include data from 166 participants in the primary analysis.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23909/abstract
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Statistical analysis. Analyses were performed accord
ing to the statistical analysis plan (30). Baseline characteristics 
were reported by trial arm using percentages, means and SDs, 
or medians and interquartile ranges (IQRs), as appropriate. The 
repeated measures of primary and secondary outcomes were 
plotted by trial arm.

The analyses were conducted on an intent to treat basis. 
The main analysis consisted of a linear mixed regression 
(with random intercept for patient to control for the repeated 
 follow up measures) with an interaction between the intervention 
effect and the assessment time, adjusted for stratification varia
bles, preoperative function, and center (with fixed effects). The use 
of these interaction terms allowed the estimation of time specific 
effect of the intervention on the LEFS at 3, 6, and 12 months 
postoperative (primary outcome). Four separate sensitivity analy
ses were conducted. First, the effect of clustering at surgeon 
level was investigated by adding an additional level to the previ
ous linear mixed regression. Then, the analysis was adjusted for 

imbalanced individual characteristics between arms at baseline, 
followed by adjustment for whether additional PT was received. 
Finally, the primary outcome treatment effect was estimated using 
a per protocol approach. Given the differences in sex in TKR out
comes (31), exploratory analysis was undertaken to investigate 
and compare the intervention effect by sex using interaction terms. 
An additional analysis was conducted to investigate the effect of 
class size on 12 month LEFS scores using linear regression.

The analyses were conducted with and without imputation 
of missing primary outcome data. Missing data were imputed 
using multiple imputation by chained equations under a miss
ing at random assumption stratified by randomization (32). In a 
sensitivity analysis of the imputation method, missing data were 
also imputed using the value 10% greater than the mean and 
10% smaller than the mean value of the observations for each 
 outcome. The same modeling strategy was used to investigate 
the intervention effect on secondary outcomes. A similar strategy 
was used to impute the secondary outcomes.

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram. * = number of patients who completed at least 1 postoperative 
Lower Extremity Functional Scale score and therefore were included in the primary mixed regression analysis; ITT = intent to treat.
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RESULTS

Participants. Between March 2015 and March 2017, 225 
patients were recruited. Of these, 45 patients withdrew prior to ran
domization, and 180 were randomized: 89 to the intervention and 
91 to usual care (Figure 1). Questionnaires were completed by 163 
participants (91%) at 3 months, 158 (88%) at 6 months, and 169 
(94%) at 12 months postoperatively. The primary analysis included 
173 participants who completed at least 1 postoperative LEFS 
questionnaire. Participants’ baseline characteristics are displayed 
in Table 1. Some differences in anxiety levels, education level, and 
working status between groups were observed and adjusted for in 

sensitivity analyses. Demographics of participants were similar to 

the national profile of patients undergoing TKR (1).

Intervention group. Of the 89 participants randomized to 
the intervention, 42 (47%) attended all 6 sessions, and 69 (78%) met 
the criteria for adherence. Participants attended a median of 5 
classes (IQR 4–6). Reasons for nonattendance included postoper
ative complications, holidays, unwilling/unable to travel to the hos
pital, and other commitments. Classes were attended by a median 
of 4 participants (IQR 2–6). No effect of class size on LEFS scores 
at 12 months was observed (see Supplementary Material 6, availa
ble on the Arthritis Care & Research web site at http://onlin elibr ary. 
wiley.com/doi/10.1002/acr.23909/ abstract). During the trial period,  
usual care or private (self funded) PT (excluding the trial interven
tion) was received by 52% of participants in the intervention group 

and 58% in the usual care group (Table 2).

Primary analyses. A summary of all outcomes by arm 
and timepoint is provided in Supplementary Material 7, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ abstract. 
The mean LEFS score from randomization to 12 months post

Table 1. Participant baseline characteristics*

Intervention 
(n = 89)

Usual care 
(n = 91)

Overall 
(n = 180)

Recruitment center 
(Southmead)

62 (70) 64 (70) 126 (70)

Age, mean ± SD years 69 ± 9 69 ± 9 69 ± 9
Female 50 (56) 49 (54) 99 (55)
Married 55 (63) 60 (67) 115 (65)
Living with someone 60 (68) 65 (73) 125 (71)
White 84 (95) 88 (99) 172 (97)
Education beyond high 

school
31 (35) 22 (25) 53 (30)

Employed 25 (28) 17 (19) 42 (24)
Deprivation quintile  

5 (IMD)
24 (28) 29 (33) 53 (30)

Comorbidities, median 
(IQR)†

2 (0.5–3) 1 (0–2) 1 (0–3)

Medial parapatellar 
approach‡

81 (91) 81 (89) 162 (90)

Cruciate- retaining 
surgery§

53 (60) 50 (56) 103 (58)

LEFS score, mean ± SD 25 ± 15 29 ± 15 27 ± 15
KOOS total score,  

mean ± SD
29 ± 15 33 ± 16 31 ± 16

KOOS pain score,  
mean ± SD

37 ± 21 41 ± 19 39 ± 20

KOOS symptoms score, 
mean ± SD

39 ± 19 41 ± 20 40 ± 19

KOOS ADL score,  
mean ± SD

41 ± 20 44 ± 19 42 ± 20

KOOS sport/rec score, 
median (IQR)

5 (0–20) 10 (0–20) 5 (0–20)

KOOS QoL score,  
median (IQR)

25 (13–38) 25 (13–38) 25 (13–38)

HADS anxiety score, 
median (IQR)

7 (4–11) 5 (3–9) 6 (3–10)

HADS depression score, 
median (IQR)

7 (3–10) 6 (4–9) 6 (4–9)

EQ- 5D- 5L score,  
median (IQR)

0.6 (0.3–0.8) 0.7 (0.4–0.8) 0.6 (0.3–0.8)

* Values are the number (%) unless indicated otherwise. IMD = index 
of multiple deprivation; IQR = interquartile range; LEFS = Lower 
Extremity Functional Scale; KOOS = Knee Injury and Osteoarthritis 
Outcome Score; ADL = function in daily living subscale of the KOOS; 
sport/rec = sport and recreation subscale of the KOOS; QoL = quality 
of life subscale of the KOOS; HADS = Hospital Anxiety and Depression 
Scale; EQ- 5D- 5L = EuroQol 5- domain, 5- level questionnaire. 
† Excluding arthritis (rheumatoid or osteoarthritis) in the number of 
comorbidities. 
‡ All other surgical approaches were medial subvastus. 
§ All other knee replacements were posterior cruciate- sacrificing designs. 

Table  2. Use of additional physical therapy (PT) services during 
the trial period*

Type of PT and time point
Intervention 

(n = 89)
Usual care 

(n = 91)
Overall 

(n = 180)
Any type of additional PT

3 43 (48) 47 (52) 90 (50)
6 17 (19) 15 (16) 32 (18)
12 8 (9) 8 (9) 16 (9)
Any 46 (52) 53 (58) 99 (55)

1:1 hospital PT
3 33 (37) 29 (32) 62 (34)
6 9 (10) 8 (9) 17 (9)
12 5 (6) 4 (4) 9 (5)
Any 36 (40) 35 (38) 71 (39)

PT at general practice surgery
3 9 (10) 12 (13) 21 (12)
6 3 (3) 2 (2) 5 (3)
12 3 (3) 1 (1) 4 (2)
Any 11 (12) 12 (13) 23 (13)

Home- based PT
3 3 (3) 4 (4) 7 (4)
6 1 (1) 2 (2) 3 (2)
12 0 (0) 1 (1) 1 (1)
Any 3 (3) 7 (8) 10 (6)

Hydrotherapy
3 4 (4) 3 (3) 7 (4)
6 6 (7) 3 (3) 9 (5)
12 3 (3) 3 (3) 6 (3)
Any 6 (7) 5 (5) 11 (6)

Other†
3 1 (1) 5 (5) 6 (3)
6 3 (3) 4 (4) 7 (4)
12 1 (1) 1 (1) 2 (1)
Any 3 (3) 7 (8) 10 (6)

* Values are the number (%). 
† Other includes inpatient, local community hospital, private PT, local 
health center, local gym, and soft tissue massage. 
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operative by group is displayed in Figure 2. At 12 months after 
TKR, the mean LEFS score was 55.8 (95% confidence interval 
[95% CI] 51.7, 59.9) for the intervention group and 53.3 (95% CI 
49.5, 57.1) for the usual care group (score distribution provided 
in Supplementary Material 8, available at http://onlin elibr ary.wiley.

com/doi/10.1002/acr.23909/ abstract). The primary analyses are 
presented in Table 3. The primary intent to treat analysis adjusted 
for stratification variables suggested a difference in the mean 
LEFS scores at 12 months after surgery in favor of the intervention 
group (difference in means 4.47 [95% CI 0.20, 8.75]; P = 0.04). 
Analyses further adjusted for clustering at the surgeon level, base
line imbalances, and PT produced similar results to the primary 
analysis. Similar results were also found when imputing missing 
data (Table 3 and Supplementary Material 9, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ abstract). The per  
protocol analysis adjusting for stratification variables found a 
slighter higher difference in mean treatment effect (difference 
in means 6.12 [95% CI 1.60, 10.64]; P = 0.008). Similar results 
were found in the adjusted per protocol analysis.

Exploratory analysis of the impact of sex on LEFS scores at 
12 months (see Supplementary Material 10, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ abstract) showed 
some evidence of treatment effect within males (difference 
in means 6.88 [95% CI 0.97, 12.79]; P = 0.023) but not females 
(2.33 [95% CI –3.19, 7.84]; P = 0.408). However, no evidence of a 
difference in the treatment effect between males and females was 
found (–4.55 [95% CI –12.17, 3.07]; P = 0.242).

Figure  2. Mean Lower Extremity Functional Scale (LEFS) score 
with 95% confidence interval (95% CI) from randomization to 12 
months postoperative for the intervention and usual care group.

Table 3. Intervention effect on Lower Extremity Functional Scale (LEFS) scores*

Adjustments
Intervention,  

no. participants
Usual care,  

no. participants
Difference  
in means 95% CI P

Primary analysis (intent- to- treat, no 
imputation) of LEFS scores at 12 months

Model 1 87 86 4.47 (0.20, 8.74) 0.040
Sensitivity analyses (intent- to- treat, no 

imputation)
Model 2† 87 86 4.44 (0.18, 8.70) 0.041
Model 3‡ 4.27 (0.10, 8.44) 0.045
Model 4 3.95 (–0.26, 8.17) 0.066

Analysis using MICE to account for missing 
data (intent- to- treat)

Model 1 89 91 4.31 (–0.18, 8.80) 0.060
Model 2† 4.29 (–0.19, 8.77) 0.060
Model 3‡ 3.93 (–0.45, 8.32) 0.079
Model 4 3.80 (–0.49, 8.10) 0.082

Per- protocol analyses
Model 1 69 86 6.12 (1.60, 10.64) 0.008
Model 2† 6.12 (1.60, 10.65) 0.008
Model 3‡ 6.34 (1.87, 10.82) 0.005
Model 4 5.54 (1.10, 9.97) 0.014

Primary analysis (intent- to- treat, no 
imputation) of LEFS scores at 3 months

Model 1 87 86 8.07 (3.75, 12.40) <0.001
Primary analysis (intent- to- treat, no 

imputation) of LEFS scores at 6 months
Model 1 87 86 5.41 (1.06, 9.77) 0.015

* Modeling strategies for analysis of LEFS scores were as follows: model 1, linear mixed regression adjusted for stratification 
variables, accounting for clustering within patient; model 2, linear mixed regression adjusted for stratification variables, accounting 
for clustering within patient and surgeon; model 3, linear mixed regression adjusted for stratification variables and baseline 
imbalance variables (level of education, working status, and anxiety on the Hospital Anxiety and Depression Scale [HADS] anxiety 
subscale), accounting for clustering within patient and surgeon; model 4, linear mixed regression adjusted for stratification 
variables and whether the patient had received additional physical therapy during the trial, accounting for clustering within patient 
and surgeon. 95% CI = 95% confidence interval; MICE = multivariate imputation via chained equations. 
† The variance of the random effect associated with surgeon level was significant; this level was kept for the following sensitivity analyses. 
‡ Variables that were imbalanced at baseline: level of education, working status, preoperative HADS anxiety. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23909/abstract
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Secondary analyses. The mean LEFS score was better  
in the intervention group compared to the usual care group 
at 3 months (difference in means 8.07 [95% CI 3.75, 12.40]; 
P < 0.001) and 6 months postoperatively (difference in means 
5.41 [95% CI 1.06, 9.77]; P = 0.015) (Table 3). The difference in 
LEFS scores between groups was statistically evident at each fol
low up time point but decreased over time (difference between 
3 months and 12 months in treatment effects 3.60 [95% CI 0.06, 
7.15]; P = 0.05), with the highest treatment effect observed at 
3 months postoperative. Similar results were observed in the 
 sensitivity  analyses and per protocol analysis (Supplementary 

Material 11.1 and 11.2, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ 
abstract).

There was no evidence of differences in the mean total KOOS 
score, KOOS subscales, HADS anxiety or depression subscales, 
or in Patient Satisfaction Scale scores between groups at 3, 6, 
or 12 (Table 4 and Supplementary Material 11.3–11.11, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ abstract). 
However, patients in the intervention group were more likely to 
have high satisfaction with their PT than patients in the usual care 
group throughout the postoperative period (Table 4 and Supple

Table 4. Secondary analyses adjusted for stratification variables*

No. patients in analysis

Intervention Usual care OR 95% CI P
KOOS average score

3 months
75 71

2.91 (0.62, 13.67) 0.177
6 months 2.52 (0.51, 12.59) 0.260
12 months 2.57 (0.52, 12.70) 0.247

KOOS QOL score
3 months

84 77
1.05 (0.38, 2.92) 0.926

6 months 2.37 (0.81, 6.93) 0.114
12 months 1.84 (0.63, 5.37) 0.264

KOOS ADL score
3 months

80 75
5.37 (1.37, 21.04) 0.016

6 months 3.22 (0.76, 13.59) 0.112
12 months 2.17 (0.52, 9.11) 0.291

KOOS pain score
3 months

84 76
2.24 (0.70, 7.13) 0.173

6 months 1.64 (0.48, 5.58) 0.426
12 months 2.82 (0.79, 10.11) 0.111

KOOS sport/rec score
3 months

82 74
2.27 (0.62, 8.32) 0.216

6 months 2.14 (0.61, 7.54) 0.235
12 months 2.30 (0.65, 8.19) 0.199

KOOS symptoms score
3 months

85 77
1.74 (0.53, 5.71) 0.364

6 months 1.72 (0.49, 6.02) 0.393
12 months 1.89 (0.49, 6.50) 0.377

HADS anxiety score
3 months

84 76
1.07 (0.14, 8.02) 0.946

6 months 1.61 (0.22, 11.99) 0.644
12 months 2.48 (0.36, 17.18) 0.358

HADS depression score
3 months

84 77
0.25 (0.05, 1.39) 0.114

6 months 0.77 (0.13, 4.56) 0.769
12 months 0.57 (0.11, 2.86) 0.491

Satisfaction with surgery
3 months

79 71
0.82 (0.30, 2.24) 0.699

6 months 1.68 (0.57, 4.98) 0.348
12 months 2.00 (0.74, 5.39) 0.170

Satisfaction with physical therapy
3 months

84 77
0.06 (0.02, 0.20) <0.001

6 months 0.14 (0.04, 0.47) 0.002
12 months 0.10 (0.03, 0.37) <0.001

* Logistic regression accounting for clustering within patients for repeated measures, using contrasts and 
adjusted for stratification variables and preoperative outcome measures; assesses odds ratios (ORs) at 3, 6, 
and 12 months. 95% CI = 95% confidence interval; KOOS = Knee Injury and Osteoarthritis Outcome Score; QoL 
= quality of life subscale of the KOOS; ADL = function in daily living subscale of the KOOS; sport/rec = sport and 
recreation subscale of the KOOS; HADS = Hospital Anxiety and Depression Scale. 
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mentary material 11.12, available at http://onlin elibr ary.wiley.com/

doi/10.1002/acr.23909/ abstract).

Safety. A total of 21 SAEs occurred during the trial (8 
in the intervention group and 13 in the usual care group). All 
SAEs were deemed expected and unrelated to the interven
tion. Events included 14 hospital readmissions, 5 prolonga
tions of hospital stay, 1 accident and emergency outpatient 
visit, and 1 death. Further details are provided in Supplemen
tary Material 12, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23909/ abstract.

Participant feedback. Descriptive statistics and summaries of 
the free text data are provided in Supplementary Material 13, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23909/ abstract.

Intervention evaluation. Sixty eight participants completed a 
structured telephone survey. Participants were generally satisfied with 
both the task orientated and individualized exercises. Most thought 
that the class length was appropriate, although 50% of participants 
would have liked more classes. Participants found it helpful to have 
1:1 time with a physical therapist during the classes for individualized 
advice and support. The group format was considered beneficial be
cause it provided peer support, motivation, and increased confidence. 
While some task related exercises were particularly helpful to some 
participants, they were too easy for other patients, highlighting the dif
ficulty in delivering an intervention catering for individuals with different 
levels of functional ability.

Participants found the home exercise plan useful, and most 
reported that they were performing their home exercises 
1 month after their final class. Reasons given for discontinuation 
were that patients were participating in other exercises or that 
they felt they had good functional ability. The most common 
challenges in adhering to the home exercises were a lack of 
access to gym equipment and difficulty fitting the exercises into 
daily routines.

Trial participation. A structured telephone survey was com
pleted by 142 participants. Altruism was the most common 
reason for participation, with many eager to help future patients 
and be involved in generating evidence to inform  improvements 
to health care. The potential for personal benefit was also a 
key motivation, with participants perceiving that allocation to the 
classes would be beneficial. The majority of participants had a 
positive experience of the trial, finding it enjoyable and easy to 
take part in. The main suggestions for improvements included 
shorter questionnaires that avoided questions that were per
ceived to be irrelevant and repetitive.

DISCUSSION

This is the first trial to evaluate whether group based outpa
tient PT can improve patient reported function up to 12 months 

after TKR in an NHS setting. Supplementing usual care with a 
novel group based outpatient PT intervention resulted in better 
patient reported function at 3, 6, and 12 months after TKR. How
ever, the difference in function at 12 months was below the MCID, 
suggesting the intervention may not result in a clinically impor
tant improvement in function. However, the intervention was safe, 
associated with higher patient satisfaction, and there was some 
evidence of a clinically important short term benefit at 3 months 
postoperatively.

This project was informed by a robust series of projects, 
including a feasibility study (12), in line with Medical Research 
Council guidance on complex interventions (33). PPI activities 
guided the design and management of the trial to ensure that the 
research was relevant and acceptable to patients. Patients were 
recruited from an NHS independent treatment center and an elec
tive orthopedic center, thereby increasing the generalizability of 
the results. This was a pragmatic trial with patient eligibility criteria, 
intervention delivery, and nonstandardized usual care designed 
to reflect how the intervention would be delivered if implemented 
within usual NHS care. However, limitations of the trial should also 
be acknowledged when interpreting the results. As with many 
PT trials (34), blinding of the intervention was not possible, which 
could have led to an overestimation of the treatment effect (35). 
While this risk of bias may have influenced the positive short term 
effects, the decrease in treatment effect over time would have ren
dered this bias less meaningful.

Another potential limitation is our use of the MCID threshold 
of the LEFS. Using the MCID allows a more meaningful evalua
tion of the clinical relevance of the results rather than simply inter
preting the results based on statistical significance. However, the 
MCID for the LEFS was derived from patients with a variety of 
lower extremity musculoskeletal conditions (17), which may limit 
the applicability to patients with TKR. It should also be acknowl
edged that findings from our trial only relate to the specific PT 
intervention that we evaluated. However, other trials have reported 
similar findings. Since the publication of a systematic review that 
found insufficient evidence to evaluate the long term effectiveness 
of postdischarge PT (10), relevant trials have been published. An 
Australian trial found that an outpatient exercise program did not 
improve patient reported outcomes at 1 year after TKR compared 
to usual care (36). Another Australian trial found that 10 days of 
postdischarge inpatient PT and a monitored home exercise pro
gram did not improve walking ability at 6 months after TKR com
pared with a home exercise program only (37).

There are a number of potential reasons why our interven
tion was only associated with a small improvement in function at 
12 months after TKR. First, we limited the treatment to 6 classes 
to optimize the feasibility of the intervention being implemented 
into usual NHS practice if found to be effective. It is possible that 
a more intensive intervention may have had a beneficial effect; 
however, previous studies that have evaluated more inten
sive interventions have found similar results (36–38). Also, no 
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follow up support was provided to participants for their home 
exercise program, which may have resulted in participants not 
continuing an adequate amount of home exercises and con
tributed to the short term benefits not being sustained in the 
longer term. Second, both groups had access to usual care and 
private PT because we wanted to assess the effectiveness of 
the intervention as implemented within the NHS setting. Very 
few trials compare a PT intervention to no care (10,39), and 
the purpose of our trial was to evaluate if the addition of group 
based PT to usual care could improve patient outcomes. This 
resulted in approximately one half of participants in both arms 
using usual care or private PT during the follow up, although 
PT usage was balanced between trial arms, and adjustment in 
sensitivity analyses produced similar results. Third, adherence 
to rehabilitation interventions is a common issue (40). Similar to 
a previous study (36), only one half of participants randomized 
to the intervention group attended all the classes. Per protocol 
analysis of the 78% of participants who met the prespecified 
adherence criteria found a larger treatment effect, and the 95% 
CIs suggest that the true difference at 12 months could reach a 
clinically meaningful level. This suggests a possible dose effect, 
which has been found previously (41), and that attending <6 
sessions may not provide patients with an adequate interven
tion level to change outcomes. Higher dose PT is unlikely to be 
pragmatic in the NHS; however, supplementing weekly classes 
with guidance on home exercises could be beneficial and war
rants further research. Fourth, we used a patient reported out
come measure to capture patients’ experiences of their function, 
rather than objective measures or performance tests to evaluate 
their actual functional ability, because performance tests may 
not capture limitations experienced during important daily activ
ities (42). However, self reported function is strongly influenced 
by pain (43,44), and the small difference in outcomes between 
groups may be because the intervention was not designed to 
reduce pain. The intervention may have shown a larger effect on 
objective outcomes or performance measures, which are less 
influenced by pain and more sensitive to changes in function 
(43,44). Further research is warranted.

In conclusion, addition of group based outpatient PT to 
usual NHS care led to improvements in function at 12 months 
after TKR, although the magnitude of the difference did not reach 
a clinically meaningful level. However, patient satisfaction was 
higher in the intervention group, and there were clinically relevant 
improvements in function at 3 months. This suggests that there 
is early benefit from PT with the potential for longer term bene
fit. Recommendations for future research include evaluating the 
optimal mode of PT delivery to maximize patient benefit, including 
intensity, duration, progression, and support with home exercises. 
Our findings add to the evidence on the effectiveness of group 
based outpatient PT to guide decisions by clinicians and patients 
and to inform commissioning of services to ensure that patients 
receive optimal PT after TKR.
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Associations of Joint Line Tenderness and Patellofemoral 
Grind With Long- Term Knee Joint Outcomes: Data From the 
Osteoarthritis Initiative
Yuanyuan Wang,1  Andrew J. Teichtahl,1 Anita E. Wluka,1  Jean-Pierre Pelletier,2 François Abram,3 
Johanne Martel-Pelletier,2 and Flavia M. Cicuttini1

Objective. To examine whether joint line tenderness and patellofemoral grind from physical examination were 
associated with cartilage volume loss, worsening of radiographic osteoarthritis, and the risk of total knee replacement.

Methods. This study examined 4,353 Osteoarthritis Initiative participants. For each measurement of joint line 
tenderness and patellofemoral grind, the patterns were defined as no (none at baseline and at 1 year), fluctuating 
(present at either time point), and persistent (present at both time points). Cartilage volume loss and worsening of 
radiographic osteoarthritis over 4 years were assessed using magnetic resonance imaging and radiographs, and total 
knee replacement over 6 years was assessed.

Results. A total of 35.0% of participants had joint line tenderness, and 15.8% had patellofemoral grind. Baseline 
patellofemoral grind, but not joint line tenderness, was associated with increased cartilage volume loss (1.08% per 
year versus 0.96% per year; P = 0.02) and an increased risk of total knee replacement (odds ratio [OR] 1.55 [95% 
confidence interval (95% CI) 1.11–2.17]; P = 0.01). While the patterns of joint line tenderness were not significantly 
associated with joint outcomes, participants with persistent patellofemoral grind had an increased rate of cartilage 
volume loss (1.30% per year versus 0.90% per year; P < 0.001) and an increased risk of total knee replacement (OR 
2.10 [95% CI 1.30–3.38]; P = 0.002) compared with those participants without patellofemoral grind.

Conclusion. Patellofemoral grind, but not joint line tenderness, may represent a clinical marker associated with 
accelerated cartilage volume loss over 4 years and an increased risk of total knee replacement over 6 years. This 
simple clinical examination may provide clinicians with an inexpensive way to identify those at higher risk of disease 
progression who should be targeted for surveillance and management.

INTRODUCTION

Knee osteoarthritis (OA), a heterogeneous condition with a 
variable natural history, is a major clinical and public health prob-
lem (1–3). To optimize patient outcomes, identifying the individuals 
whose disease is most likely to progress is critical, so that this 

population can be targeted for therapy. Such identification has 
the potential to improve patient outcomes and help health care 
practitioners utilize health resources more efficiently. Patients with 
OA want more information about the diagnosis, long- term prog-
nosis, and management options (4), and their active participation 
in OA management is critical to improve patient outcomes. Those 
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patients who are aware that they are at higher risk of disease pro-
gression may be more likely to have better adherence to conser-
vative treatment, since some of the most effective therapies such 
as exercise and weight management require significant patient 
participation.

Currently, clinicians do not have a simple method to deter-
mine which patients with knee OA are at most risk of disease 
progression. Although imaging modalities such as magnetic res-
onance imaging (MRI) offer the potential to identify patients with 
knee OA who may progress more rapidly (5–7), these are expen-
sive procedures that have the potential to make the patients and 
health care providers focus on structural changes that may be 
identified, with less consideration of symptoms. Radiography, 
although widely used for the assessment of presence and pro-
gression of knee OA, is unable to detect early structural changes 
in knee OA (8,9). In contrast, simple clinical examinations may pro-
vide an inexpensive, useful method for identifying the individuals 
with knee pathology most likely to progress.

Joint line tenderness and patellofemoral grind tests at rou-
tine clinical examination can be performed with moderate- to- 
high interobserver  and intraobserver reliability (10–12). However, 
at present the significance of these tests in predicting long- term 
outcomes of the knee joint is unknown. For the tibiofemoral 
compartments, joint line tenderness is commonly used in clinical 
practice to diagnose meniscal pathology (13,14), with a sensitiv-
ity of 83% and a specificity of 83% (14), and meniscal pathol-
ogy is known to predate the onset and progression of knee OA 
(6,7,15–17). One study found no association between joint line 
tenderness and rapid progression to knee arthroplasty within 3 
years in individuals with or at risk for knee OA (18). The patel-
lofemoral grind test is a simple clinical test used in practice for the 
evaluation of anterior knee pain. In this setting, a positive test may 
suggest the presence of chondromalacia patella or patellofemoral 
pain  syndrome (19,20). Such a positive test, however, is a purely 

 theoretical  construct. The  patellofemoral grind test involves an 
active contraction of the quadriceps with external compression on 
the patella, and thus a positive test would suggest the presence of 
patellofemoral pathology. Because patellofemoral and tibiofemoral 
OA often coexist (21,22), stressing the patellofemoral joint, such 
as a positive patellofemoral grind test, may establish the presence 
of concurrent tibiofemoral disease.

The National Institutes of Health Osteoarthritis Initiative (OAI) 
is the largest observational cohort of knee OA, providing an 
unprecedented opportunity to investigate whether joint line ten-
derness and patellofemoral grind elicited from physical exami-
nation are associated with long- term joint outcomes. Using the 
OAI data, this study aimed to examine whether baseline joint line 
tenderness and patellofemoral grind and their patterns over 1 year 
were associated with long- term knee joint outcomes as measured 
by cartilage volume loss, worsening of radiographic OA over 4 
years, and risk of total knee replacement over 6 years, in a large 
cohort of individuals with or at risk for knee OA. We hypothesized 
that present and persistent joint line tenderness and patellofem-
oral grind would be associated with an increased rate of cartilage 
volume loss, an increased risk of worsening radiographic OA, and 
total knee replacement, adjusting for self- reported knee pain.

PATIENTS AND METHODS

OAI. Data were extracted from the OAI database, a pub-
licly available multicenter observational cohort study of knee OA 
(https://oai.epi-ucsf.org/datar eleas e/). The OAI comprises data of 
4,796 participants ages 45–79 years at baseline. OAI exclusion 
criteria included inflammatory arthritis, severe joint space narrow-
ing in both knees, unilateral knee joint replacement and severe 
joint space narrowing in the contralateral knee, inability to undergo 
MRI or to provide a blood sample, required use of walking aids 
excepting a single straight cane ≤50% of the time, or unwilling-
ness to provide informed consent. Participants were recruited at 
4 clinical sites, and the study was approved by the institutional 
review boards at each of the sites. All participants gave informed 
consent.

Participants of the current study and assessment of 
knee pain. Bilateral standing posteroanterior fixed- flexion knee 
radiographs (23) were assessed for baseline Kellgren/Lawrence 
(K/L) grading (range 0–4) (n = 4,369). If both knees had no evi-
dence of radiographic OA (defined by K/L grade ≥2), the dominant 
knee was selected for analyses. If only 1 knee had evidence of 
radiographic OA, this was the selected knee for analyses. If both 
knees had evidence of radiographic OA, the most severe knee 
(i.e., with the highest K/L grade) was selected for analyses. When 
the severity was equal between sides, the most painful knee was 
selected for analyses. In the case of equal pain in both knees, 
the dominant knee was selected for analyses. The current study 
included participants with K/L grade assessment, and with either 

SIGNIFICANCE & INNOVATIONS
• Joint line tenderness and patellofemoral grind tests 

are routine clinical examinations. However, the sig-
nificance of these tests in predicting long-term out-
comes of the knee joint is unknown.

• This study demonstrated that the presence and 
persistence of patellofemoral grind were associ-
ated with accelerated cartilage volume loss over  
4 years and increased the risk of total knee replace-
ment over 6 years, adjusting for self-reported knee 
pain. No such associations were observed for joint 
line tenderness.

• The clinical examination of patellofemoral grind 
may provide clinicians with an inexpensive clini-
cal method to identify individuals at higher risk of 
disease progression who should be prioritized and 
targeted for surveillance and management.

https://oai.epi-ucsf.org/datarelease/
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joint line tenderness or patellofemoral grind data available at base-
line (n = 4,353). At baseline, knee pain was assessed using the 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) pain subscale (24), using the Likert scale version, which 
consists of 5 items (score ranging from 0 to 20).

Joint line tenderness and patellofemoral grind from 
physical examination. Physical examinations of joint line ten-
derness and patellofemoral grind were performed at baseline and 
1 year follow- up, with the participants lying supine on the exami-
nation table in a relaxed, comfortable position (18,25). Examiners 
performed knee examination under the supervision of physicians 
after receiving central training. At least 1 examination performed by 
each examiner per month was repeated or observed by the local 
investigator for quality assurance (25). Joint line tenderness was 
assessed by palpating the medial and lateral tibiofemoral joint line 
with the participant’s knee bent 90 degrees; patellofemoral grind 
was assessed by providing distal force at the superior border of 
the patella as the participant contracted the quadriceps. A positive 
test occurred when pain was produced and was recorded sepa-
rately for the medial joint line, lateral joint line, and patellofemoral 
joint. Tests were repeated once by the same examiner to  confirm 
findings (positive or negative) and were recorded as positive if 
confirmed in the second examination (25). Data regarding the reli-
ability of these examinations were not available in the OAI, but the 
interobserver and intraobserver reliability of these signs have been 
reported to be moderate- to- high (10–12). Joint line tenderness 
was defined as present if a participant had tenderness of either 
the medial joint line or the lateral joint line. For each measurement 
of joint line tenderness and patellofemoral grind, the patterns from 
baseline to 1 year follow- up were categorized as: no (present at 
neither baseline nor 1 year), fluctuating (present at either baseline 
or 1 year), and persistent (present at both baseline and 1 year).

Assessment of knee cartilage volume. MRI was per-
formed for the target knee using a 3T scanner (Magnetom Trio), 
and the examination consisted of a sagittal double- echo in steady- 
state sequence. Knee cartilage volume was measured for medial 
and lateral tibiofemoral compartments (i.e., femoral condyle and 
tibial plateau) using the automatic human knee cartilage segmen-
tation as previously described and validated (26), delineated as 
previously described (27), and implemented in the automated 
segmentation. The test–retest revealed an excellent measure-
ment error of 0.3 ± 1.6% for the global knee, corresponding to 
30.3 ± 126.2 mm3 (26). The annual rate of cartilage volume loss over 
4 years was obtained by the formula (4- year follow- up volume –  
baseline volume)/baseline volume/4, expressed as a percentage.

Assessment of worsening of radiographic OA and 
of total knee replacement. Worsening of radiographic OA 
was defined by an increase in K/L grade of ≥1 from baseline to 
4- year follow- up in participants with baseline K/L grade of 0–3. 

At each available follow- up, participants indicated whether they 
had received total knee replacement surgery, which was defined 
as the study knee with patient- reported total knee replacement, 
which was confirmed on subsequent radiographs between base-
line and the 6- year follow- up visit. Missing data for knee replace-
ment were treated conservatively by assuming that the participant 
had not undergone knee replacement surgery.

Statistical analysis. Demographic, clinical, radiologic, 
and MRI data were systematically entered into a computerized 
database. Descriptive statistics of participant characteristics 
were tabulated. The chi- square test and binary logistic regres-
sion were used to examine the relationship between K/L grade 
and the prevalence of joint line tenderness and patellofemoral 
grind at baseline. The associations of presence and patterns of 
joint line tenderness and patellofemoral grind with cartilage vol-
ume loss over 4 years were examined using the F test (general 
linear model) with estimated marginal means (SEs). These analy-
ses were adjusted for sex, baseline age, body mass index (BMI), 
and WOMAC pain score. Binary logistic regression was used to 
examine the associations of baseline joint line tenderness and 
patellofemoral grind and their patterns over 1 year with wors-

Table 1. Characteristics of study participants (n = 4,353)*

Baseline characteristic Value
Age, years 61.3 ± 9.2
Female sex, no. (%) 2,526 (58.0)
Body mass index, kg/m2 (n = 4,349) 28.7 ± 4.8
Kellgren/Lawrence grade, no. (%)

0 1,429 (32.8)
1 688 (15.8)
2 1,166 (26.8)
3 785 (18.0)
4 285 (6.6)

WOMAC pain score (n = 4,352) 2.8 ± 3.4
Joint line tenderness, no. (%) (n = 3,122) 1,094 (35.0)
Patellofemoral grind, no. (%) (n = 4,343) 684 (15.8)
Change

Joint line tenderness over 1 year, no. (%)  
(n = 2,942)

No joint line tenderness 1,586 (53.9)
Fluctuating joint line tenderness 781 (26.6)
Persistent joint line tenderness 575 (19.5)

Patellofemoral grind over 1 year, no. (%)  
(n = 4,077)

No patellofemoral grind 3,055 (74.9)
Fluctuating patellofemoral grind 778 (19.1)
Persistent patellofemoral grind 244 (6.0)

Annual % cartilage volume loss over 4 years  
(n = 3,162)

0.97 ± 1.13

Worsening of radiographic osteoarthritis over 4 
years, no. (%) (n = 3,227)

474 (14.7)

Total knee replacement over 6 years, no. (%)  
(n = 4,353)

220 (5.1)

* Values are the mean ± SD unless indicated otherwise. For patterns
of joint line tenderness and patellofemoral grind, no = present at 
neither baseline nor 1 year; fluctuating = present at either baseline 
or 1 year; persistent = present at both baseline and 1 year. WOMAC =  
Western Ontario and McMaster Universities Osteoarthritis Index. 
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ening of radiographic OA over 4 years and the risk of total knee 
replacement over 6 years. These analyses were adjusted for 
sex, baseline age, BMI, K/L grade, and WOMAC pain score. The 
interactions of joint line tenderness and patellofemoral grind with 
sex and baseline WOMAC pain score for their associations with 
joint outcomes were tested using the likelihood ratio test. Multiple 
imputation by chained equations (28) was used to impute miss-
ing data on BMI, WOMAC pain score, prevalence and patterns 
of joint line tenderness and patellofemoral grind, cartilage vol-
ume loss, and worsening of radiographic OA. Additional sub-
group analyses were performed in participants with radiographic 
OA at baseline. All tests were 2- sided, and a P value less than 
0.05 was considered statistically significant. Statistical analyses 
were performed using Stata software, version 15.0.

RESULTS

Participant characteristics. Participant characteris-
tics at baseline, as well as patterns of joint line tenderness and 
patellofemoral grind and joint outcomes over time are shown in 
Table  1. Among the 4,353 participants included in the current 
study, 2,236 (51.4%) had radiographic OA, 1,094 (35.0%) had 
joint line tenderness, and 684 (15.8%) had patellofemoral grind 
at baseline. The prevalence of patellofemoral grind increased with 
increasing K/L grade; a similar trend was observed for the prev-
alence of joint line tenderness, with an exception for K/L grade 4 
(both P for trend < 0.001) (Figure 1). The correlation coefficient 
was 0.35 (P < 0.001) between joint line tenderness and WOMAC 
pain score, and 0.35 (P < 0.001) between patellofemoral grind 
and WOMAC pain score.

Table 2. Associations of joint line tenderness and patellofemoral grind with annual percentage of knee cartilage 
volume loss over 4 years

Univariable analysis Multivariable analysis*

Estimated marginal 
mean (SE) P

Estimated marginal 
mean (SE) P

Baseline joint line tenderness
Present 1.02 (0.04) <0.001 0.95 (0.04) 0.10
Absent 0.84 (0.03) – 0.87 (0.03) –

Patterns of joint line tenderness
No joint line tenderness 0.82 (0.03) – 0.86 (0.03) –
Fluctuating joint line tenderness 0.94 (0.04) 0.003† 0.92 (0.04) 0.44†
Persistent joint line tenderness 1.00 (0.05) – 0.91 (0.05) –

Baseline patellofemoral grind
Present 1.26 (0.05) <0.001 1.08 (0.05) 0.02
Absent 0.93 (0.02) – 0.96 (0.02) –

Patterns of patellofemoral grind
No patellofemoral grind 0.87 (0.02) – 0.90 (0.02)‡ –
Fluctuating patellofemoral grind 1.20 (0.04) <0.001† 1.12 (0.04)§ <0.001†
Persistent patellofemoral grind 1.51 (0.08) – 1.30 (0.08)¶ –

* Adjusted for age, sex, body mass index, and Western Ontario and McMaster Universities Osteoarthritis Index pain 
score. For patterns of joint line tenderness and patellofemoral grind, no = present at neither baseline nor 1 year; 
fluctuating = present at either baseline or 1 year; persistent = present at both baseline and 1 year. 
† For difference in annual % cartilage volume loss among the 3 pattern groups. 
‡ P for difference between 0.90 (0.02) and 1.12 (0.04) was <0.001; P for difference between 0.90 (0.02) and 1.30 (0.08) was <0.001.
§ P for difference between 1.12 (0.04) and 0.90 (0.02) was <0.001; P for difference between 1.12 (0.04) and 1.30 (0.08) was 0.04.
¶ P for difference between 1.30 (0.08) and 0.90 (0.02) was <0.001; P for difference between 1.30 (0.08) and 1.12 (0.04) was 0.04. 

Figure 1. Prevalence of patellofemoral grind and joint line tenderness 
according to Kellgren/Lawrence (K/L) grade. A, Prevalence (SE) of joint 
line tenderness according to K/L grade (P < 0.001). B, Prevalence (SE) 
of patellofemoral grind according to K/L grade (P < 0.001).
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Associations of joint line tenderness and patellofem-
oral grind with cartilage volume loss over 4 years. The 
associations were examined in the total study population (Table 2) 
and adjusted for sex, baseline age, BMI, and WOMAC pain score. 
Neither the prevalence of joint line tenderness at baseline nor the 
patterns of joint line tenderness over 1 year were associated with 
cartilage volume loss. In contrast, the annual rate of cartilage vol-
ume loss was higher in participants with patellofemoral grind at 
baseline than in those without (1.08% [SE 0.05] versus 0.96% [SE 
0.02]; P = 0.02). Participants with fluctuating patellofemoral grind 
(1.12% [SE 0.04]; P < 0.001] and persistent patellofemoral grind 
(1.30% [SE 0.08]; P < 0.001) had a greater annual rate of cartilage 
volume loss compared with those patients with no patellofem-
oral grind (0.90% [SE 0.02]). The results remained similar when 
the imputed data set was analyzed (see Supplementary Table 1, 
available on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.23906/ abstract).

Similar results were observed in subgroup analyses of partic-
ipants with radiographic OA at baseline (Table 3). The annual rate 
of cartilage volume loss was greater in participants with fluctuat-
ing patellofemoral grind (1.40% [SE 0.06]; P < 0.001) and those 
with persistent patellofemoral grind (1.52% [SE 0.10]; P < 0.001), 
compared with those patients with no patellofemoral grind (1.15% 
[SE 0.03]). No significant associations were found for joint line ten-

derness or the presence of patellofemoral grind.

Associations of joint line tenderness and patel-
lofemoral grind with worsening of radiographic OA over 
4 years and the risk of total knee replacement over  
6 years. The associations were examined in the total study popu-
lation (Table 4) and adjusted for sex, baseline age, BMI, K/L grade, 
and WOMAC pain score. The presence of baseline joint line ten-
derness was not significantly associated with the worsening of 
radiographic OA (odds ratio [OR] 0.85 [95% confidence interval 
(95% CI) 0.65–1.11]) or the risk of total knee replacement (OR 
1.21 [95% CI 0.78–1.89]). Neither fluctuating nor persistent joint 
line tenderness was associated with the risk of worsening radio-
graphic OA (OR 1.33 [95% CI 0.99–1.77] and OR 0.81 [95% CI 
0.56–1.15], respectively) or total knee replacement (OR 1.02 [95% 
CI 0.59–1.76] and OR 1.55 [95% CI 0.87–2.76], respectively). 
The presence of baseline patellofemoral grind was associated 
with an increased risk of total knee replacement (OR 1.55 [95% 
CI 1.11–2.17]; P = 0.01) but not the worsening of radiographic 
OA (OR 1.06 [95% CI 0.80–1.41]) (Table 4). While fluctuating and 
persistent patellofemoral grind were not significantly associated 
with the worsening of radiographic OA, both fluctuating (OR 1.55 
[95% CI 1.07–2.25]; P = 0.02) and persistent (OR 2.10 [95% CI 
1.30–3.38]; P = 0.002) patellofemoral grind were associated with 
an increased risk of total knee replacement. The results remained 
similar when the imputed data set was analyzed (see Supplemen-
tary Table 2, available on the Arthritis Care & Research web site 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23906/ abstract).

Similar results were observed when subgroup analyses 
were performed in participants with radiographic OA at base-
line (Table 5). There was no significant association between the 
presence or patterns of joint line tenderness and the worsen-
ing of radiographic OA or the risk of total knee replacement. 
The presence of patellofemoral grind was associated with an 
increased risk of total knee replacement (OR 1.60 [95% CI 
1.14–2.24]; P = 0.006). Fluctuating (OR 1.59 [95% CI 1.09–
2.31]; P = 0.02) and persistent (OR 2.15 [95% CI 1.33–3.48]; 
P = 0.002) patellofemoral grind were associated with an 
increased risk of total knee replacement. No significant asso-
ciation was observed between patellofemoral grind measures 

and worsening of radiographic OA.
When medial and lateral joint line tenderness were examined 

separately, no significant results were observed for their associ-
ations with cartilage volume loss, worsening of radiographic OA, 
and total knee replacement, except for the significant associations 
of the presence and persistence of lateral joint line tenderness with 
cartilage volume loss in the lateral tibiofemoral compartment (see 
Supplementary Tables 3 and 4, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23906/ abstract).

There was no consistent evidence for interactions of joint 
line tenderness and patellofemoral grind with sex and baseline 
WOMAC pain score for their associations with joint outcomes, 
with the majority of interaction tests not statistically significant 
(data not shown).

Table 3. Associations of joint line tenderness and patellofemoral 
grind with annual percentage of knee cartilage volume loss over 
4 years in participants with radiographic knee osteoarthritis at 
baseline, using multivariable analysis*

Joint line 
tenderness

Patellofemoral  
grind

Estimated 
marginal 

mean (SE) P

Estimated 
marginal 

mean (SE) P
Baseline presence

Present 1.22 (0.06) 0.31 1.31 (0.06) 0.35
Absent 1.14 (0.05) – 1.24 (0.03) –

Patterns over 1 year
No 1.11 (0.05) – 1.15 (0.03)† –
Fluctuating 1.24 (0.07) 0.29‡ 1.40 (0.06)§ <0.001‡
Persistent 1.17 (0.08) – 1.52 (0.10)¶ –

* Adjusted for age, sex, body mass index, and Western Ontario and 
McMaster Universities Osteoarthritis Index pain score. For patterns 
of joint line tenderness and patellofemoral grind, no = present at 
neither baseline nor 1 year; fluctuating = present at either baseline 
or 1 year; persistent = present at both baseline and 1 year. 
† P for difference between 1.15 (0.03) and 1.40 (0.06) was <0.001; 
P for difference between 1.15 (0.03) and 1.52 (0.10) was <0.001 for 
between group difference. 
‡ For difference in annual % cartilage volume loss among the 3 
pattern groups. 
§ P for difference between 1.40 (0.06) and 1.15 (0.03) was <0.001. 
¶ P for difference between 1.52 (0.10) and 1.15 (0.03) was <0.001 for 
between group difference. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23906/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23906/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23906/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23906/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23906/abstract
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DISCUSSION

In this large prospective cohort study of participants with or at 
risk for knee OA, present and persistent patellofemoral grind over 
1 year on physical examination were associated with an increased 
rate of cartilage volume loss over 4 years and an increased risk 
of total knee replacement over 6 years, adjusting for the levels 
of WOMAC pain. Similar results were found in participants with 
 radiographic OA. This study found no significant association 
between joint line tenderness and the studied joint outcomes. 
These data suggest that patellofemoral grind may represent a 
clinical marker associated with adverse long- term joint outcomes 
and thus may be used to help identify individuals at risk of disease 
progression, regardless of the severity of radiographic OA or the 
levels of self- reported knee pain.

Although the patellofemoral grind test has been suggested 
as a method for detecting chondromalacia patella or patel-
lofemoral pain syndrome, the test is poorly validated for this, 
and its significance has been questioned (19,20). A recent study 
showed that the typical clinical examination measures (patel-
lofemoral crepitus and pain with patellofemoral  compression) 

that were commonly thought to represent underlying patel-
lofemoral joint pathology did not discriminate knees with patel-
lofemoral OA from knees with tibiofemoral OA or without OA 
(29). Our study showed a linear association between increasing 
K/L grade and the presence of patellofemoral grind, and we 
found that both baseline patellofemoral grind and persistent 
patellofemoral grind over 1 year were associated with increased 
cartilage volume loss over 4 years and an increased risk of total 
knee replacement over 6 years. Stressing the patellofemoral 
joint with a patellofemoral grind may establish the presence 
of concurrent tibiofemoral disease and reflect the severity of 
tibiofemoral OA and overall disease burden of the knee joint, 
because patellofemoral and tibiofemoral OA are often concur-
rent (30). Although the clinical test compressing the patellofem-
oral joint does not discriminate patellofemoral from tibiofemoral 
OA (29), it may predict the longitudinal outcomes of the tibi-
ofemoral joint. Patellofemoral joint pathology probably also 
contributes to the worsening of overall knee cartilage and a 
decision in favor of total knee replacement. Our study did not 
find significant associations between patellofemoral grind and 
worsening of radiographic OA. While cartilage volume loss and 

Table 4. Associations of joint line tenderness and patellofemoral grind with worsening of radiographic knee osteoarthritis over 
4 years and risk of total knee replacement over 6 years*

Univariable OR 
(95% CI) P

Multivariable OR 
(95% CI)† P

Baseline joint line tenderness
Worsening of radiographic osteoarthritis 

Presence of joint line tenderness 1.21 (0.95–1.54) 0.13 0.85 (0.65–1.11) 0.23
Total knee replacement

Presence of joint line tenderness 1.77 (1.22–2.57) 0.003 1.21 (0.78–1.89) 0.39
Patterns of joint line tenderness

Worsening of radiographic osteoarthritis
No joint line tenderness 1.00 – 1.00 –
Fluctuating joint line tenderness 1.73 (1.32–2.28) <0.001 1.33 (0.99–1.77) 0.06
Persistent joint line tenderness 1.29 (0.94–1.78) 0.11 0.81 (0.56–1.15) 0.24

Total knee replacement
No joint line tenderness 1.00 – 1.00 –
Fluctuating joint line tenderness 1.79 (1.11–2.89) 0.02 1.02 (0.59–1.76) 0.93
Persistent joint line tenderness 2.39 (1.47–3.88) <0.001 1.55 (0.87–2.76) 0.14

Baseline patellofemoral grind
Worsening of radiographic osteoarthritis 

Presence of patellofemoral grind 1.54 (1.19–1.99) 0.001 1.06 (0.80–1.41) 0.68
Total knee replacement

Presence of patellofemoral grind 3.35 (2.51–4.47) <0.001 1.55 (1.11–2.17) 0.01
Patterns of patellofemoral grind

Worsening of radiographic osteoarthritis
No patellofemoral grind 1.00 – 1.00 –
Fluctuating patellofemoral grind 1.43 (1.11–1.83) 0.005 1.11 (0.85–1.45) 0.44
Persistent patellofemoral grind 2.03 (1.36–3.01) <0.001 1.30 (0.84–2.00) 0.24

Total knee replacement
No patellofemoral grind 1.00 – 1.00 –
Fluctuating patellofemoral grind 3.09 (2.22–4.32) <0.001 1.55 (1.07–2.25) 0.02
Persistent patellofemoral grind 5.98 (3.95–9.04) <0.001 2.10 (1.30–3.38) 0.002

* For patterns of joint line tenderness and patellofemoral grind, no = present at neither baseline nor 1 year; fluctuating = present 
at either baseline or 1 year; persistent = present at both baseline and 1 year.  OR = odds ratio; 95% CI = 95% confidence interval. 
† Adjusted for age, sex, body mass index, Kellgren/Lawrence grade, and Western Ontario and McMaster Universities Osteoarthritis 
Index pain score. 
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total knee replacement are considered as measures of articular 
cartilage damage and degeneration, worsening of radiographic 
OA, defined by an increase in K/L grade, is more likely to be 
driven by the progression of osteophytosis. The presence and 
persistence of patellofemoral grind are probably associated 
with articular cartilage damage rather than with subchondral 
bone changes, providing a potential explanation for the asso-
ciation of patellofemoral grind with cartilage volume loss and 
the risk of total knee replacement but not worsening of radio-
graphic OA.

Joint line tenderness is used as a clinical sign of menis-
cal pathology (13,14), an established risk factor for knee OA  
(6,7,15–17). It is included as one of the physical examinations 
for evaluating tibiofemoral OA (12). Our study showed a trend 
for higher prevalence of joint line tenderness with increasing K/L 
grade (except for K/L grade 4). However, our study did not find 
a significant association between the presence or persistence of 
joint line tenderness and cartilage volume loss, the risk of wors-
ening radiographic OA, and total knee replacement. This finding 
is an extension of the findings from a previous OAI study showing 
no association between baseline joint line tenderness and the risk 
of knee arthroplasty within 3 years (18).

Taken together, these data suggest that present and persis-
tent patellofemoral grind are associated with adverse long- term 
joint- related outcomes: cartilage volume loss over 4 years and 
total knee replacement over 6 years, adjusting for the levels of self- 
reported knee pain. A patellofemoral grind test may therefore rep-
resent a simple useful method for clinicians to identify individuals 
at risk of disease progression who should be targeted for manage-
ment, particularly weight reduction and exercise as recommended 
by guidelines for the management of knee OA (31–33). Clinicians 
are faced with increasing numbers of patients with knee OA 

due to the escalating incidence and prevalence of the disease  
globally. Targeting patients at risk of disease progression for sur-
veillance and management will facilitate more efficient utilization of 
health care resources. Optimal management of OA requires active 
patient participation. Patients with OA desire more information 
about diagnosis of OA, its impact on daily life, long- term progno-
sis, and management options (4). Fatalism with regard to knee OA 
that limits the patients’ adherence to management recommenda-
tions could be countered by educating patients on the effective 
options for its conservative management (34). Therefore, patients 
at risk of disease progression may be more likely to have better 
adherence to conservative managements such as exercise and 
weight loss as specified in clinical guidelines. By identifying at- risk 
individuals based on patellofemoral grind, clinicians can give this 
information on risk back to patients, and efforts can be made to 
overcome barriers to participation in effective management strat-
egies to improve patient outcomes.

This study has potential limitations. We have only examined a 
discrete number of physical findings related to knee tenderness (joint 
line tenderness and patellofemoral grind) and acknowledge that 
there are several other physical signs that have not been examined 
in this study, including but not limited to knee warmth, ligamentous 
tests such as an anterior drawer, and meniscal- specific tests such 
as the McMurray test. Physical examinations of joint line tenderness 
and patellofemoral grind were performed by examiners who had 
received central training and were supervised by physician examin-
ers. Any misclassification is most likely to be nondifferential and thus 
underestimate the magnitude of the observed associations. Due to 
the unavailability of the data, we were unable to examine the pro-
gression of patellofemoral OA or adjust for patellofemoral OA in the 
statistical analyses. We did not adjust our results for medications 
that may influence knee tenderness, because data pertaining to the 

Table  5. Associations of joint line tenderness and patellofemoral grind with worsening of radiographic knee 
osteoarthritis over 4 years and risk of total knee replacement over 6 years in participants with radiographic knee 
osteoarthritis at baseline*

Joint line tenderness Patellofemoral grind

Multivariable OR 
(95% CI) P

Multivariable OR 
(95% CI) P

Worsening of radiographic osteoarthritis 
Presence vs. absence 0.88 (0.60–1.28) 0.50 1.15 (0.82–1.60) 0.42

Total knee replacement
Presence vs. absence 1.20 (0.76–1.90) 0.43 1.60 (1.14–2.24) 0.006

Worsening of radiographic osteoarthritis
No 1.00 – 1.00 –
Fluctuating 1.62 (1.06–2.46) 0.03 1.17 (0.84–1.63) 0.36
Persistent 0.86 (0.52–1.42) 0.56 1.33 (0.81–2.18) 0.26

Total knee replacement
No 1.00 – 1.00 –
Fluctuating 0.995 (0.57–1.75) 0.99 1.59 (1.09–2.31) 0.02
Persistent 1.51 (0.83–2.74) 0.18 2.15 (1.33–3.48) 0.002

* Adjusted for age, sex, body mass index, Kellgren/Lawrence grade, and Western Ontario and McMaster Universities 
Osteoarthritis Index pain score. For patterns of joint line tenderness and patellofemoral grind, no = present at neither 
baseline nor 1 year; fluctuating = present at either baseline or 1 year; persistent = present at both baseline and 1 year. 
OR = odds ratio; 95% CI = 95% confidence interval. 
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exact dosage, duration, and adherence to medications are limited. 
Nevertheless, any modification of symptoms or signs that may have 
confounded a positive physical finding would have reduced the 
likelihood of showing an association between these clinical signs 
and joint outcomes. We have performed complete cases analyses, 
which might introduce selection bias. However, the results were 
less likely to be affected because there were no significant differ-
ences between the participants with completed data and those 
with missing data. We found similar results when multiple imputa-
tion was performed to deal with the missing data. Furthermore, we 
found consis tent results for cartilage volume loss over 4 years and 
total knee replacement over 6 years. For the incidence of total knee 
replacement, we have assumed that those lost to follow- up did not 
have total knee replacement. These cases would have resulted in 
nondifferential misclassification of total knee replacement, leading 
to underestimation of the magnitude of observed associations.  
Furthermore, the results of our study will need to be validated in 
other studies.

The current study has several strengths. The OAI offered a 
unique opportunity to study the disease profile of a large num-
ber of participants with or at risk for knee OA and to explore the 
longitudinal association between clinical signs and the spec-
trum of long- term joint outcomes. The use of fully automated 
technologies to assess knee cartilage volume change over 
time (26) greatly improved the capacity and more importantly 
the reliability of the analysis. Joint line tenderness and patel-
lofemoral grind were assessed at baseline and 1 year later by 
physical examination of the knee. From these assessments, 
the patterns of these signs were investigated, with relationships 
observed between persistent patellofemoral grind over 1 year 
and cartilage volume loss over 4 years and the risk of total 
knee replacement over 6 years. This examination is important, 
because joint line tenderness and patellofemoral grind may 
fluctuate with time, and thus an isolated baseline assess-
ment may provide limited information about their effect on joint 
outcomes many years later.

To our knowledge, this is the first study to demonstrate that 
the presence and persistence of patellofemoral grind are associ-
ated with accelerated cartilage volume loss over 4 years and an 
increased risk of total knee replacement over 6 years, adjusting 
for self- reported knee pain levels. No such associations were 
observed for joint line tenderness. The clinical examination of 
patellofemoral grind may provide clinicians with an inexpensive 
clinical method to identify individuals at higher risk of disease pro-
gression who should be prioritized and targeted for surveillance 
and more emphasis on conservative management.
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Low- Load Resistance Training With Blood- Flow Restriction 
in Relation to Muscle Function, Mass, and Functionality in 
Women With Rheumatoid Arthritis
Reynaldo Rodrigues, Rodrigo B. Ferraz, Ceci O. Kurimori, Lissiane K. Guedes, Fernanda R. Lima, 
Ana L. de Sá-Pinto, Bruno Gualano, and Hamilton Roschel

Objective. To evaluate the effects of a low- load resistance training program associated with partial blood- flow 
restriction in patients with rheumatoid arthritis (RA).

Methods. Forty- eight women with RA were randomized into 1 of 3 groups: high- load resistance training (HL- RT;  
70% 1 repetition maximum [1RM]), low- load resistance training (30% 1RM) with partial blood- flow restriction training 
(BFRT), and a control group. Patients completed a 12- week supervised training program and were assessed for 
lower- extremity 1RM, quadriceps cross- sectional area (CSA), physical function (timed- stands test [TST], timed-  
up- and- go test [TUG], and Health Assessment Questionnaire [HAQ]), and quality of life (Short Form 36 health survey 
[SF- 36]) at baseline and after the intervention.

Results. BFRT and HL- RT were similarly effective in increasing maximum dynamic strength in both leg press 
(22.8% and 24.2%, respectively; P < 0.0001 for all) and knee extension (19.7% and 23.8%, respectively; P < 0.0001 
for all). Quadriceps CSA was also significantly increased in both BFRT and HL- RT (9.5% and 10.8%, respectively; 
P < 0.0001 for all). Comparable improvements in TST (11.2% and 14.7%; P < 0.0001 for all) and TUG (–6.8% [P < 
0.0053] and –8.7% [P < 0.0001]) were also observed in BFRT and HL- RT, respectively. Improvements in both groups 
were significantly greater than those of the control group (P < 0.05 for all). SF- 36 role physical and bodily pain and 
HAQ scores were improved only in BFRT (45.7%, 22.5%, and –55.9%, respectively; P < 0.05 for all). HL- RT resulted 
in 1 case of withdrawal and several cases of exercise- induced pain, which did not occur in BFRT.

Conclusion. BFRT was effective in improving muscle strength, mass, function, and health- related quality of life in 
patients with RA, emerging as a viable therapeutic modality in RA management.

INTRODUCTION

Rheumatoid arthritis (RA) is the most common autoimmune 
inflammatory disease among the adult population (1) and mainly 
affects women ages 40–50 years (2,3). This condition is marked 
by additive and symmetrical polyarthritis in small and large joints, 
with consequent synovial involvement and gradual joint degrada-
tion (4,5). These joint characteristics added to the systemic impact 
of the disease lead to a progressive functional loss and a decrease 
in activities of daily living. Approximately 30% of patients discon-
tinue their professional activities within 3 years of diagnosis, caus-
ing a negative effect on their social and economic life (6).

Loss of muscle strength is a common feature in RA, with 
functional deficits as high as 70% in patients with more severe 
disease when compared to healthy controls, further compromis-
ing physical capacity (7). Chronic inflammation is considered as 
the major mediator of muscular dysfunction, accelerating cellular 
catabolism and altering the synthesis- degradation relationship, 
causing accelerated loss of muscle mass (8,9).

Drug therapy has advanced significantly in RA, but it still 
remains ineffective in relation to the reversal of atrophy and 
the marked decrease in muscle strength in these patients (10). 
In this regard, the European League Against Rheumatism task 
force advocates physical activity promotion, including the muscle 
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strength domain, in RA patients (11). Specifically, resistance training 
is considered as the most common and effective exercise interven-
tion to promote gains in muscle strength and counteract muscle 
loss in different conditions (12,13), including RA (14–16).

Nonetheless, the American College of Sports Medicine states 
that overloads >65% of the 1 repetition maximum (1RM) are nec-
essary to promote muscle strength and mass accrual (17). Impor-
tantly, conventional high- load resistance training (HL- RT) may not 
be feasible for all RA patients due to the pain, fatigue, and possi-
ble joint limitations imposed by the disease, making these factors 
an important barrier to exercise (18,19). Thus, the development 
of novel, feasible strategies able to counteract RA- related loss 
of muscle and strength remains necessary.

In this regard, blood- flow restriction training (BFRT) has 
emerged as an alternative to HL- RT. It consists of a low- load resis-
tance training protocol (~20–30% 1RM) associated with partial 
restriction of blood flow, which can be obtained through tourni-
quets placed in the proximal region of the exercised muscle (20,21). 
BFRT has been shown to induce comparable gains in strength 
and muscle mass to those observed in response to HL- RT in dif-
ferent populations (22–24), including patients with rheumatic dis-
eases (25–27). Despite the widespread use of BFRT, to date, no 
study has assessed its effects in RA. Given the potential effect of 
this exercise mode and the correlation between functional impair-
ment and muscle mass decrease in RA (28,29), BFRT emerges 
as a promising therapeutic intervention strategy in these patients. 
Therefore, the aim of this study was to compare the effects of 
BFRT with conventional HL- RT on muscle strength, muscle mass, 
function, pain, and quality of life in RA patients.

PATIENTS AND METHODS

Study design and patients. This was a randomized con-
trolled trial conducted between 2013 and 2017 in São Paulo, 
Brazil. The study was approved by the ethics committee of our 
institution and all participants signed an informed consent. The 

trial was registered at clinicaltrials.gov and was reported accord-
ing to Consolidated Standards of Reporting Trials guidelines (30). 
Patients were ranked in tertiles according to their 1RM in the 
leg press exercise, then they were randomized by a computer- 
generated code into 1 of the following conditions: HL- RT, low- 
load resistance training with BFRT, or control group.

At baseline and after 12 weeks of supervised training, we 
assessed 1RM leg press and knee extension, physical function 
(as assessed by timed- stands test [TST], timed- up- and- go [TUG] 
test, and the Health Assessment Questionnaire [HAQ]), quadriceps 
cross- sectional area (CSA), self- reported quality of life (as assessed 
by the Short Form 36 health survey [SF- 36]), pain (visual analog 
scale [VAS]), and the Disease Activity Score in 28 joints (DAS28), 
and we objectively measured physical activity level (assessed by 
accelerometers). Self- reported adverse events were recorded 
throughout the protocol. Although subjects were not blinded to the 
treatment (an inherent characteristic of studies involving different 
forms of exercise therapy), muscle strength, CSA, and functionality 
assessments were conducted by researchers not involved in train-
ing supervision.

Postmenopausal women (ages 46 to 67 years) diagnosed 
with RA according to the 1987 American College of Rheumatol-
ogy criteria (31) and under stable medication for at least 3 months 
before starting the study were included. Exclusion criteria were 
participation in physical exercise training over the past year, car-
diovascular diseases and/or musculoskeletal disturbances that 
precluded exercise participation, diagnosis with fibromyalgia, use 
of prednisolone >5 mg/day over the past 3 months, and the pres-
ence of ≥1 arthroplasty of weight- bearing joints. Table 1 shows 

the patients’ main characteristics.

Resistance training programs. Resistance training was 
performed in an intrahospital gymnasium (Laboratory of Assess-
ment and Conditioning in Rheumatology, School of Medicine, Uni-
versity of São Paulo) and took place twice a week for 12 weeks. 
Each session was monitored by an experienced physical therapist 
and consisted of bilateral leg press and knee extension exercises 
(Nakagym).

During the first week, the training load was reduced to 
acquaint the patients with their training protocol (i.e., 50% and 
20% 1RM for HL- RT and BFRT, respectively). Starting on the sec-
ond week, HL- RT was performed as 4 sets of 10 repetitions at 
70% 1RM, while BFRT was performed as 4 sets of 15 repetitions 
at 30% 1RM. The BFRT group trained with an air cuff placed at 
the inguinal fold (width 175 mm × length 920 mm, inflated to 70% 
of the pressure needed to provide complete blood- flow restric-
tion [see description below]) to provide partial blood- flow restric-
tion. The air cuff, and thus blood- flow restriction, was maintained 
throughout the entire training sessions, including rest intervals, 
and was released immediately after the end of the session. From 
the fifth week until the end of the protocol, the 2 groups increased 
the number of sets for each exercise from 4 to 5.

SIGNIFICANCE & INNOVATIONS
• Patients with rheumatoid arthritis have decreased 

muscle strength and mass with progressive func-
tional loss and poor quality of life.

• Resistance training is effective and safe to reverse 
muscle atrophy, but some patients are unable to 
perform a conventional high-load exercise program  
due to disease-related limitations.

• Blood-flow restriction training (BFRT) was safe and 
effective in improving muscle strength, muscle mass, 
and functionality in patients with rheumatoid arthritis.

• BFRT is a more feasible alternative to convention-
al resistance training to treat patients with more  
severe disease because it requires lower loads, 
leading to less joint stress.
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A 1- minute rest period was allowed between sets for all 
groups, and patients were instructed to rest their legs over a chair 
positioned at heart height. Exercise load was adjusted every 4 
weeks by reassessing patients’ 1RM. A member of the research 
staff monitored the adherence to the exercise program on a ses-
sion basis. The control group was instructed to maintain their 
habitual daily living activities.

Determination of the blood- flow restriction pressure. 
For the BFRT group, determination of vascular occlusion pressure 
(mm Hg) was made using a blood pressure sphygmomanometer 
and a vascular doppler (DV- 600, MARTEC MED). The subjects 
remained lying supine, and the cuff was placed in the inguinal 
region of the thigh and inflated to the point at which the ausculta-
tory pulse of the tibial artery was interrupted. The average cuff pres-
sure necessary for complete blood- flow restriction was mean ± SD 
155.6 ± 20.9 mm Hg, and the average cuff pressure used through-
out the training protocol was mean ± SD 108.9 ± 14.6 mm Hg.

Strength tests. Previous to the 1RM test, 2 light warm- up 
sets interspaced by 2 minutes were performed. In the first set, 
individuals performed 8 repetitions with a load corresponding to 

50% of their estimated 1RM, obtained during the familiarization 
sessions. In the second set, patients performed 3 repetitions 
with 70% of their estimated 1RM. Subsequently, they had up 
to 5 attempts to achieve the 1RM load with a 3- minute interval 
between attempts. 1RM tests were conducted for the leg press 
and knee extension exercises according to previous description 
(32). Coefficients of variation for 1RM leg press and 1RM knee 
extension test–retest were 4.04% and 4.05%, respectively.

Quadriceps CSA. Computed tomography imaging (Bril-
liance CT, 64- slice) was used to obtain quadriceps CSA. Patients 
lay in a supine position with their knees extended and legs straight. 
A belt was used to restrain leg movements during the test. An ini-
tial reference image was obtained to determine the perpendicular 
distance from the greater trochanter of the femur to the inferior 
border of the lateral epicondyle of the femur, which was defined 
as the segment length. Quadriceps CSA was measured at 50% of 
the segment length with 2.5- mm slice thickness. The CSA quadri-
ceps images of the dominant leg were repeated 3 times by a spe-
cialized researcher who was blinded to the treatment, and mean 
values of the images were used for further analysis. The quadri-
ceps CSA measurement’s coefficient of variation was 0.61%.

Table 1. Demographic and clinical characteristics of the patients at baseline*

Variables
HL- RT 

(n = 16)
BFRT 

(n = 16)
Control group 

(n = 16) P
Age, years 58.0 ± 6.6 59.6 ± 3.9 58.1 ± 5.9 0.860
Weight, kg 62.1 ± 15.8 64.9 ± 10.4 63.9 ± 10.7 0.792
Height, cm 157.8 ± 8.5 153.9 ± 6.4 154.0 ± 9.1 1.000
BMI, kg/m2 24.7 ± 4.7 27.4 ± 4.0 26.9 ± 3.7 0.228
Muscle strength, 1RM

Leg press, kg 113.6 ± 37.9 111.5 ± 28.9 112.8 ± 33.8 0.985
Leg extension, kg 35.2 ± 12.4 30.6 ± 10.2 33.9 ± 12.9 0.534

Disease characteristics
Duration, years 15.6 ± 10.39 19.0 ± 10.5 12.8 ± 7.4 0.200
Disease activity (DAS28) 2.76 ± 0.79 2.72 ± 1.0 2.66 ± 0.8 0.819
Pain VAS, cm 3.3 ± 2.52 4.8 ± 2.01 2.7 ± 1.6 0.018†
HAQ score 0.38 ± 0.46 0.36 ± 0.38 0.38 ± 0.45 0.946
RF seropositivity, no. (%) 14 (87.5) 14 (87.5) 14 (87.5) 1.000

PA level
Sedentary, minutes/day 495.5 ± 93.1 702.6 ± 246.1 637.2 ± 263.0 0.100
Light PA, minutes/day 368.4 ± 76.7 317.9 ± 98.0 365.7 ± 96.5 0.186
MVPA, minutes/day 16.4 ± 14.1 16.8 ± 13.8 21.4 ± 15.2 0.533

Medications, no. (%)
DMARDs 16 (100) 16 (100) 16 (100) NA
Prednisolone 10 (62.5) 13 (81.5) 12 (75.0) 0.477
NSAID 9 (56.2) 10 (62.5) 10 (62.5) 0.957

Comorbidities, no. (%)
Smokers 4 (25.0) 3 (18.7) 5 (31.2) 0.893
Hypertension 6 (37.5) 7 (43.7) 5 (31.2) 0.703
Dyslipidemia 3 (18.7) 4 (25.0) 2 (12.5) 0.869
Type 2 diabetes mellitus 1 (6.2) 0 (0.0) 3 (18.7) 0.385
Osteoporosis 4 (25.0) 4 (25.0) 8 (50.0) 0.487

* Values are the mean ± SD unless indicated otherwise. HL- RT = high- load resistance training; BFRT = low- load resistance 
training with partial blood- flow restriction; BMI = body mass index; 1RM = 1 repetition maximum; DAS28 = Disease Activity 
Score in 28 joints; VAS = visual analog scale; HAQ = Health Assessment Questionnaire; RF = rheumatoid factor; PA = physical 
activity; MVPA = moderate- to- vigorous PA; DMARDs = disease- modifying antirheumatic drugs; NA = not applicable; NSAID 
= nonsteroidal antiinflammatory drug. 
† P < 0.05. 
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Functional tests. Physical function was evaluated by TST 
and TUG tests. TST assesses the maximum number of stand- 
ups that a subject can perform from a standard armless chair (45 
cm high) within 30 seconds (33), and TUG tests assess the time 
required for the subject to rise from a standard arm chair, walk 
toward a 3- meter line drawn on the floor, turn, return to the chair, 
and sit down again (34). Testing sessions were conducted without 
assistive devices. Coefficients of variation for TST and TUG test–
retest were 6.63% and 3.8%, respectively. Three familiarization 
sessions were performed, at least 48 hours apart, for all strength 
and functional tests (35).

Quality of life, physical function, pain, disease activ-
ity, and physical activity level assessment. Quality of life 
was assessed through the SF- 36, which is a multipurpose, short- 
form health survey with 36 questions. It yields a profile of functional 
health and well- being scores as well as psychometrically based 

physical and mental health summary measures, with a maximum 
score of 100 indicating a better health condition. Physical function 
was assessed using the HAQ, which consists of 20 items of daily 
activities, with scores ranging from 0 to 3, where the minimum 
score indicates the best condition. Pain was assessed using a VAS 
with scores from 0 to 10 cm, where 0 = no pain and 10 = intolerable 
pain. Disease activity (using the DAS28) was assessed by the fol-
lowing variables: number of swollen joints, number of tender joints 
(range 0–28), erythrocyte sedimentation rate, and the patient’s 
VAS score on pain and disease activity (36). Physical activity was 
objectively measured using Actigraph GT3X accelerometers. All 
participants were instructed to wear the accelerometer during wak-
ing hours, except when bathing or swimming, for 7 consecutive 
days. All participants accumulated at least 10 hours of valid activity 
recordings per day for at least 7 days. Data were exported from the 
device in 10- second epochs, using ActiLife 6 software (Actigraph). 
Freedson cut points were used to define epochs for adults (37).

Figure 1. Consolidated Standards of Reporting Trials flow chart. HL- RT = high- load resistance training; BFRT = blood- flow restriction training; 
CG = control group.
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Sample size calculation and statistical analysis. 
Sample size was estimated with the assistance of G- Power soft-
ware, version 3.1.2. Based on data from a previous meta- analysis 
reporting the effects of BFRT on muscle strength in untrained indi-
viduals (38), we determined that 10 patients would be needed to 
provide 95% power (α = 0.05) to detect a difference in muscle 
strength in our untrained population of RA patients.

Data were analyzed using intent- to- treat principles. Depen-
dent variables were tested by mixed models, with repeated mea-
sures assuming group (HL- RT, BFRT, and control group) and time 
(baseline and 12 weeks) as fixed factors and subjects as a ran-
dom factor, using SAS software, version 9.3. Tukey’s post  hoc 
test was used for multiple comparisons. Additionally, a second-
ary per protocol analysis was conducted using delta scores (i.e., 
changes from baseline to 12- week tests). Group baseline values 
were compared through 1- way analysis of variance and found to 
be similar (P > 0.05). Tukey’s post hoc test was used when nec-
essary. Effect sizes (per protocol approach) were calculated by 
dividing the mean change by the SD of the change (i.e., variability 
of intervention) (39). Fisher’s test was applied to assess possible 

between- group differences in the proportion of patients in relation 
to clinical characteristics (e.g., rheumatoid factor, medications, 
comorbidities). SF- 36, HAQ, and VAS data were analyzed with 
Kruskal- Wallis 1- way analysis of variance (for between- group 
comparisons). In case of significant differences between groups, 
the Mann- Whitney U test was applied. Wilcoxon’s test was used 
for within- group comparisons. Finally, an exploratory analysis  
(Pearson’s correlation coefficient [r]) was conducted on any 
possible associations between training- induced changes in leg- 
extension 1RM and quadriceps muscle CSA, with the remaining 
clinical variables (e.g., functionality, pain, and quality of life). The 
significance level was previously set at P less than 0.05. Data are 
shown as mean ± SD, except when stated otherwise.

RESULTS

Patients. The flow of patients is shown in Figure 1. Of the 
780 patients screened for participation, 48 met the inclusion cri-
teria. These patients were ranked into tertiles according to their 
1RM leg press score and then randomly assigned to either HL- RT 

Figure 2. A and C, Leg press and knee extension maximum dynamic strength (1RM), respectively, before (PRE) and after (POST) 12 weeks of 
the exercise training protocol in the groups high- load resistance training (HL- RT), low- load resistance training associated with partial blood- flow 
restriction training (BFRT), and control group (CG). B and D, Delta changes (baseline to post- training) in leg press and knee extension maximum 
dynamic strength (Δ 1RM), respectively. Data are the mean ± SD. * = P < 0.05 for within- group comparisons; # = P < 0.05 when compared 
with the control group.
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(n = 16), BFRT (n = 16), or the control group (n = 16). Throughout 
the trial, 1 patient was excluded from HL- RT due to intervention- 
related reasons (i.e., exercise- induced knee pain). One patient 
was excluded from BFRT due to nonintervention- related reasons, 
and 1 patient was excluded from the control group due to per-
sonal reasons. The adherence rates to the training protocol were 
86.6% and 86.2% for HL- RT and BFRT, respectively.

Muscle strength. 1RM leg press and 1RM knee exten-
sion were similar between HL- RT, BFRT, and the control group 
at baseline (P = 0.98 and P = 0.53, respectively). Within- group 
increases in 1RM leg press (Figure 2A) and 1RM knee extension 
(Figure 2C) were found both in HL- RT (24.2%, effect size 1.40 
[P < 0.0001] and 23.8%, effect size 2.17 [P < 0.0001], respec-
tively) and BFRT (22.8%, effect size 1.75 [P < 0.0001] and 19.7%, 
effect size 1.23 [P < 0.0001]), but not in the control group (–1.1%, 
effect size –0.18 [P = 0.98] and 0.4%, effect size 0.04 [P = 1.00], 
respectively). Delta analysis showed that HL- RT (P < 0.0001) and 
BFRT (P < 0.0001) had significantly greater increases in 1RM leg 
press when compared with the control group (Figure 2B). Similarly, 
HL- RT and BFRT had greater increases in 1RM knee extension 
(P < 0.0001 and P = 0.0008, respectively) when compared with 
the control group (Figure 2D). Of note, no significant differences 
between HL- RT and BFRT were observed (P > 0.05), indicating a 
similar effect between treatments.

Differences in quadriceps  CSA. There were no significant 
between- group differences in CSA at baseline (P = 0.67). Signifi-
cant increases in CSA were observed in HL- RT (10.8%, effect size 
2.09 [P < 0.0001]) and BFRT (9.5%, effect size 1.89 [P < 0.0001]), 
but not in the control group (0.9%, effect size 0.28 [P = 0.99]) 
from baseline to 12- week assessments (Figure 3A). Furthermore, 

significantly greater changes in CSA were observed both in HL- 
RT and BFRT when compared with the control group (P < 0.0001 
and P < 0.0001, respectively) (Figure 3B). Finally, no significant 
difference was noted between HL- RT and BFRT (P > 0.05), evi-
dencing a comparable effect between treatments for this variable.

Physical function tests. Baseline scores in TST and TUG 
tests were comparable between groups (P = 0.47 and P = 0.80, 
respectively). Within- group comparisons showed significant 
improvements in TST in HL- RT and BFRT (14.7%, effect size 1.54 
[P < 0.0001] and 11.2%, effect size 1.45 [P < 0.0001], respec-
tively) after the intervention, whereas the control group showed no 
significant change (–0.6%, effect size –0.09 [P = 0.98]) (Figure 4A). 
HL- RT (P < 0.0001) and BFRT (P = 0.0004) had significantly 
greater changes in performance in TST than the control group (Fig-
ure 4B). No significant differences between HL- RT and BFRT were 
observed (P > 0.05), indicating a similar effect between treatments.

Similar responses were observed for TUG scores. HL- RT and 
BFRT (–8.7%, effect size –1.37 [P < 0.0001] and –6.8%, effect 
size –0.75 [P = 0.0053], respectively) showed significant base-
line to 12- week changes, while the control group remained virtu-
ally unchanged (–0.3%, effect size –0.07 [P = 1.00]) (Figure 4C). 
Changes in scores were significantly greater in HL- RT (P = 0.0031) 
and BFRT (P = 0.0374) than in the control group (Figure 4D). No 
significant differences between HL- RT and BFRT were observed 
(P > 0.05), indicating a similar effect between treatments.

Quality of life, physical function, and pain. SF- 36, 
HAQ, and VAS data are shown in Table 2. Groups were comparable 
at baseline for all SF- 36 domains and HAQ scores (P > 0.05 for all).  
BFRT showed significant improvements in the SF- 36 domains of 
role physical (P = 0.024) and bodily pain (P = 0.036), whereas only 

Figure 3. A, Quadriceps cross- sectional area (CSA) before (PRE) and after (POST) the exercise training protocol in the groups high- load 
resistance training (HL- RT), low- load resistance training associated with partial blood- flow restriction training (BFRT), and control group (CG).  
B, Delta changes (baseline to post- training) in quadriceps CSA (Δ CSA). Data are the mean ± SD. * = P < 0.05 for within- group comparisons; 
# = P < 0.05 when compared with the control group.
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physical function (P = 0.016) was improved in HL- RT. HAQ scores 
were improved only in BFRT (P = 0.038). Despite an important 
reduction in HAQ scores, the HAQ score did not reach statistical 
 significance in HL- RT (P = 0.078). No changes were observed in 
the control group (P > 0.05 for all). VAS scores were slightly higher 
in BFRT at baseline (P = 0.018). However, BFRT was the only 
group to show significant reduction in VAS after the intervention 
(P = 0.002). Despite these within- group changes, no significant 
differences were observed for any of the variables at 12 weeks 

(P > 0.05 for all between- group comparisons).
Finally, we found significant associations between changes in 

leg press 1RM and changes in both TST (r = 0.54; P < 0.001) and 
TUG scores (r = –0.50; P < 0.001). Changes in CSA were also sig-
nificantly associated with changes in TST (r = 0.51; P < 0.001) and 
TUG scores (r = –0.62; P < 0.001) (see Supplementary Figure 1,  
available on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.23911/ abstract).

Adverse events. Only 1 patient in the entire protocol 
withdrew from the study due to exercise- induced patellofem-
oral pain (in the HL- RT group). The patient reported recurrent 

pain for a week and a half (starting at week 4 into the protocol) 
and was treated by the research team medical staff, which 
decided on removal from the intervention. Notably, this patient 
had knee osteoarthritis secondary to RA, which is a common 
feature in RA (4) and which in fact was similarly present in all 
experimental groups (HL- RT = 4, BFRT = 6, control group = 6). 
Additionally, 8 patients (50%) reported knee pain in the HL- RT 
group, requiring a reduction of the load/repetitions for up to 
2 training sessions. No withdrawals were reported in BFRT; 
nonetheless, 6 patients reported a transitory and mild discom-
fort regarding occlusion pressure confined to the first training 
sessions; however, the mild discomfort did not require any 
adjustments in training load.

No clinical evidence of excessive fatigue, osteoarticu-
lar injury, muscle soreness, or any other self- reported 
adverse event was found. Disease activity (as assessed by 
DAS28) and the objectively measured physical activity level 
remained virtually unchanged in all groups (P > 0.05 for all, 
data not shown). The drug regimen (i.e., number, type, and 
dose of medications) remained unchanged throughout the  
study.

Figure 4. A and C, Data from timed- stands (TST) and timed- up- and- go (TUG) tests, respectively, before (PRE) and after (POST) 12 weeks 
of the exercise training protocol in the groups high- load resistance training (HL- RT), low- load resistance training associated with partial blood- 
flow restriction training (BFRT), and control group (CG). B and D, Delta changes (baseline to post- training) in timed- stands (Δ TST) and timed-  
 up- and- go (Δ TUG), respectively. Data are the mean ± SD. * = P < 0.05 for within- group comparisons; # = P < 0.05 when compared with the 
control group.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23911/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23911/abstract
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DISCUSSION

To the best of our knowledge, this was the first study to 
investigate the effects of BFRT in patients with RA. The main find-
ings of this study were that BFRT was similarly effective to HL- RT 
in increasing lower- extremity maximum dynamic strength, quadri-
ceps CSA, and functionality in RA patients. Additionally, BFRT 
was able to improve HAQ and SF- 36 role physical and bodily pain 
scores while absent of any adverse events (though not different 
from a nonexercise control). Conversely, HL- RT resulted in 1 case 
of withdrawal and several cases of exercise- induced pain in RA 
patients (50% of the total group’s sample).

The marked chronic inflammation process in RA leads to 
a reduction in strength and muscle mass, with a consequent 
decrease in functional capacity and quality of life even at an early 
stage of the disease, contributing to increased mortality and 
reduced life expectancy in these individuals (8). Currently, conven-
tional muscle strengthening exercises are widely recommended, 
with the objective of reversing muscle atrophy and attenuating dis-
ability in RA patients (14–16,18).

To potentiate the adaptations induced by resistance training, 
loads >65% 1RM (17) are recommended, which may not be feasible 
due to pain and joint limitations in RA. Studies have shown that up 
to one-half of the RA patients undergoing conventional HL- RT had 
to reduce their training loads due to pain or fatigue (18), while oth-
ers have experienced a significant incidence of pain after exercise, 
especially on the knees (40). Moreover, patients with greater joint 
damage had smaller improvements in functional capacity and pos-
sible exacerbation of joint wear when submitted to HL- RT (41,42). 
In this scenario, BFRT appears as an alternative to HL- RT, ensuring 
similar gains in strength and muscle mass in different populations 
while using lower loads (~20–40% 1RM) (23,24,43,44).

In our study, the maximal dynamic strength of the lower 
extremities, assessed by the 1RM test in the leg press and knee 
extension, was similarly increased in BFRT and HL- RT. These 

results are in agreement with previous data from studies involving 
young (24,45) and healthy elderly individuals (23,43). To date, no 
study has evaluated the effects of BFRT training in RA; however, 
promising results have already been shown in patients with der-
matomyositis and polymyositis (27) and with knee osteoarthritis 
(25,26), in which BFRT was as effective as HL- RT in increas-
ing muscle strength, with the advantage that BFRT caused lower- 
joint stress. These results were confirmed and extended to RA 
patients in our study.

Another interesting finding was the ability of BFRT to 
increase lower- extremity muscle mass in RA. In fact, we found 
similar increases in quadriceps CSA compared to HL- RT, which 
is in line with previous literature involving both healthy (23,24,43) 
and diseased populations (25,26). This finding is of important 
clinical relevance because patients with RA have a marked loss 
of muscle mass (7), further compromising functionality. In fact, 
studies have shown a strong association between decreased mus-
cle mass and worsening of functional capacity in individuals with 
RA, encouraging the preservation of muscle strength as a relevant 
adjunct therapy in this condition (28,29).

Confirming our expectation, functionality was also signifi-
cantly improved by BFRT. The comparable improvements in TST 
and TUG between BFRT and HL- RT are in agreement with pre-
vious literature in other populations (26,27), and these results 
are now extended to patients with RA. Maintenance of mus-
cle function is of utmost importance in the management of RA, 
allowing greater independence in the activities of daily living and 
thus quality of life in these patients. In fact, functional limitations 
in RA begin early after diagnosis of the disease and lead to social 
and economic burden (6). A significant improvement in function, 
as assessed by HAQ scores, was only observed in BFRT, while 
no changes were observed in HL- RT. The latter found support in 
the literature because other studies have found no effect of HL- 
RT on HAQ scores (14,18,41). Although this observation may 
be  partially explained by the limitations of HAQ scores in evalu-

Table 2. Effects of a 12- week supervised BFRT program on health- related quality of life, limitation of daily activities, and pain in patients with 
RA*

Variables

HL- RT BFRT Control group

Pre Post % P Pre Post % P Pre Post % P
SF- 36 domains

Physical function 73.44 83.67 13.93 0.016† 73.13 83.33 13.96 0.083 72.81 77.33 6.21 0.968
Role physical 85.71 100.0 16.67 0.665 60.71 88.46 45.70 0.024† 71.43 82.69 15.77 0.269
Bodily pain 68.94 70.73 2.61 0.989 56.44 69.13 22.5 0.036† 72.75 71.20 –2.13 0.293
General health 57.50 62.53 8.75 0.088 51.25 56.53 10.31 0.122 60.38 57.93 –4.04 0.858
Vitality 71.56 81.33 13.65 0.197 69.06 75.33 9.08 0.210 73.44 76.33 3.94 0.440
Social function 83.75 93.40 11.52 0.101 86.81 91.80 5.75 0.271 82.88 83.47 0.71 0.599
Role emotional 83.81 88.87 6.67 0.982 83.38 91.07 9.23 0.461 87.50 80.00 –8.57 0.317
Mental health 74.75 79.73 6.67 0.376 77.75 81.33 4.61 0.209 79.00 77.87 –1.43 0.762

HAQ 0.38 0.23 –41.22 0.078 0.36 0.16 –55.94 0.038† 0.38 0.23 –37.78 0.339
VAS 3.22 3.15 –2.07 0.969 4.73 2.30 –51.41 0.002† 2.59 2.81 8.48 0.724

* Values are the scores at baseline (pre) and at the end of intervention (post) unless indicated otherwise. Percentages are the relative pre and 
post difference in each variable. BFRT = low- load resistance training with partial blood- flow restriction; RA = rheumatoid arthritis; HL- RT = high- 
load resistance training; SF- 36 = Short Form 36 health survey; HAQ = health assessment questionnaire; VAS = visual analog scale. 
† P < 0.05 for within- group comparisons. 
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ating more complex daily activities and also by the lack of sensi-
tivity in detecting changes in patients with low weakness (a floor 
effect) (46), a factor that was found in our study (mean of 0.36 
points in the 3 groups), the significant improvement in the BFRT 
group (~56%), is in agreement with previous literature (15,47,48) 
and emphasizes the importance of viable training strategies in 
RA. This finding may be associated with the 51% reduction in 
pain (as measured by a VAS) in BFRT, suggesting that a lower 
sensation of pain resulted in a greater ability to perform daily 
tasks. In line with these results, SF- 36 role physical domains 
(role physical and bodily pain) were significantly improved only 
in BFRT. These within- group changes did not result in significant 
differences between groups at 12 weeks. Therefore, interpreta-
tion and clinical relevance of these findings are limited and war-
rant further investigation.

In our study, HL- RT resulted in 1 withdrawal due to training- 
induced knee pain. Additionally, 50% of the patients in this group 
reported knee pain during training, requiring the reduction of load 
and/or repetitions. Conversely, no adverse events related to joint 
pain were reported in BFRT; however, occlusion may represent a 
slight discomfort to some patients, despite not affecting training 
adherence or loads. Studies with knee osteoarthritis (27,28) also 
demonstrated BFRT to be better tolerated than HL- RT, allowing 
the inference that BFRT may increase adherence to long- term 
exercise and make its therapeutic application, especially in con-
ditions marked by pain and disabilities, of great clinical relevance. 
Further studies are merited to test the possibility.

Finally, we found positive associations between the improve-
ments in functionality and the changes in both lower- extremity 
strength and muscle mass, in agreement with previous studies 
(28,29,49). We believe that these findings are of great clinical rel-
evance because they may reflect greater independence and main-
tenance of daily activities, reducing, albeit partially, the social and 
economic burdens commonly present in patients with RA.

Despite the interesting results, the current study has limita-
tions. Because the patients were women, sedentary (with ~60% 
sedentary time per day), postmenopausal, fairly functional, and 
in remission or with mild- to- moderate disease activity, these data 
cannot be extrapolated to patients with different characteristics 
(e.g., those with a more severe disease). Because we opted for 
1RM reassessments throughout the training protocol, one might 
consider those as supplemental high- load training sessions, 
possibly affecting strength gains (50,51). However, in the current 
study, in addition to the control group, the other 2 groups also 
had multiple familiarization sessions before beginning the trial, and 
only 2 reassessments were conducted during training (at weeks 4 
and 8), which is far less than previously shown to affect strength, 
thus mitigating a possible confounding effect and strengthening 
the current design. Future studies should address the effects of 
long- term BFRT on the symptoms and disease course, as well 
as its possible mechanisms of action, in contrast to conventional 
training programs.

In conclusion, this study showed that 12 weeks of super-
vised low- load training associated with partial blood- flow restric-
tion are effective in improving muscle strength and function, with 
possible benefits in pain and quality of life in women with RA, 
emerging as an important adjunct therapy in the management 
of this disease.
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Systematic Review and Appraisal of the Cross- Cultural 
Validity of Functional Status Assessment Measures in 
Rheumatoid Arthritis
Stephanie C. Kulhawy-Wibe,1 JoAnn Zell,2 Kaleb Michaud,3  Jinoos Yazdany,4 Aileen M. Davis,5  
Linda Ehrlich-Jones,6 J. Carter Thorne,7 Donna Everix,8 Laura C. Cappelli,9 Lisa G. Suter,10 Alex Limanni,11 and 
Claire E. H. Barber12

Objective. We conducted a systematic review and appraisal of the cross- cultural adaptation and cross- cultural 
validity of the Health Assessment Questionnaire (HAQ) and its derivatives, and of the more recent Patient- Reported 
Outcomes Measurement Information System (PROMIS) functional status assessment measures (FSAMs) in 
rheumatoid arthritis.

Methods. Four electronic medical databases were searched from inception until April 4, 2018 according to the 
Consensus- Based Standards for the Selection of Health Measurement Instruments (COSMIN) group search strategy. 
Included studies were evaluated using the COSMIN tool for cross- cultural validity and were scored as excellent, 
good, fair, or poor.

Results. Of 58 articles identified by our search strategy and 3 by manual search, 39 were included: 29 described 
the translation, cultural adaptation, or cross- cultural validity of the HAQ disability index, 8 other HAQ derivatives, and 
2 PROMIS measures, representing 22 languages. Of the 39 articles reviewed, 3 examined the cross- cultural validity 
of translated versions. These studies were rated as follows: 2 as excellent, 3 good, 13 fair, and 21 poor. Two studies 
examining cross- cultural validity noted differential item functioning (DIF) between Dutch and US populations for 
the HAQ- II and PROMIS measures, and a third study found DIF between Turkish and UK populations on the HAQ, 
indicating cultural differences in questionnaire response.

Conclusion. This review highlights a paucity of data on the cross- cultural validity of FSAMs and the mostly poor-  
or fair- quality methods by which they were translated and adapted, which needs to be considered when using these 
measures for multinational clinical trials and for day- to- day use in clinical practice.

INTRODUCTION

Functional status assessment measures (FSAMs) are impor-
tant outcome measures in rheumatoid arthritis (RA), because 
poor function is a predictor for mortality, is associated with lower 
quality of life and with work disability (1–4), and is an important 
outcome in clinical treatment trials. The Health Assessment Ques-
tionnaire disability index (HAQ DI) (5) and its derivatives (6–8) are 
standardized and validated FSAMs commonly used in RA. More 

recently, the Patient- Reported Outcomes Measurement Informa-
tion System (PROMIS) has been developed and includes FSAMs 
(9). The American College of Rheumatology (10) recommends 
repeated assessment of FSAMs in clinical practice to track patient 
outcomes and to guide shared decision- making, and FSAMs are 
used worldwide for this purpose.

The HAQ DI, HAQ- derived instruments, and PROMIS 
 measures were developed and validated in English but have been 
translated and culturally adapted for use around the world (11).  
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Guidelines exist to support this multistep process that have them-
selves been evolving over the last few decades (12–18). The 
steps for translating, culturally adapting, and assessing the cross- 
cultural validity of measures can be evaluated using a standardized 
assessment checklist (19) developed by the Consensus- Based 
Standards for the Selection of Health Measurement Instruments 
(COSMIN) initiative (20). COSMIN is an international initiative that 
aims to improve the science of outcome measurement through 
the development of tools to evaluate the methodologic quality of 
studies on outcome measurement properties, guidelines for con-
ducting systematic reviews in this area, and the development and 
selection of outcome measures (20).

While rigorous methods for translation and cultural adapta-
tion of patient- reported measures are important, further steps are 
necessary to assess the cross- cultural validity of these measures, 
to ensure that the latent trait of the measure (in this case func-
tional status) is being measured in the same way across cultures 
(21). Differential item functioning (DIF) is a quantitative method to 
assess for the systematic differences in responses to question-
naire items based on different population characteristics (i.e., in 
this case cultural characteristics) that are otherwise comparable 
with respect to the latent trait being measured (21). There are a 
number of statistical methods for assessing DIF, including but 
not limited to logistic regression and item response theory (IRT). 
IRT is a paradigm for developing, evaluating, and scoring mea-
sures based on a number of mathematical models. Central to 
IRT is modeling the relationship between a patient’s response to 
a questionnaire item and the underlying trait being measured (22). 
The objective of this current study was to conduct a systematic 
review of the cross- cultural validity of FSAMs for RA, including 
HAQ DI, HAQ- derived measures, and PROMIS measures, and 

to assess their methodologic quality using the COSMIN cross- 
cultural validity checklist.

MATERIALS AND METHODS

This systematic review is part of a larger ongoing project 
designed to evaluate and generate recommendations for the use 
of RA FSAMs in routine clinical practice. This current study exclu-
sively examines the cross- cultural validity of FSAMs in RA.

Search strategy. Four electronic medical databases, Med-
line, Embase, Cochrane Library, and the Cumulative Index to 
Nursing and Allied Health Literature, were searched from incep-
tion to March 16, 2017. This search was updated on April 4, 
2018 to ensure the review included all current articles. The Pre-
ferred Reporting Items for Systematic Reviews and Meta- Analysis 
checklist was used to guide our systematic review (23). Search 
terms were chosen according to a published strategy for finding 
studies on measurement properties of measurement instruments 
by Terwee et al (24) from the COSMIN group (20). This strategy 
was initially developed in Medline using medical subject heading 
terms and keywords in 3 themes: construct search (for assess-
ment of functional status), population search (rheumatoid arthritis), 
and instrument search (including terms for instruments of interest, 
e.g., questionnaires) that were then adapted accordingly for the 
other databases. These 3 themes were then combined using the 
Boolean search operator AND. A title and abstract screening was 
conducted independently and in duplicate (JZ and CEHB) for arti-
cles that pertained to cross- cultural validity. A full- text review by 2 
independent reviewers (SCK-W and CEHB) was used to deter-
mine eligible studies for inclusion. Any disagreement between 
reviewers was resolved by discussion. Next, the reference lists of 
all included articles were manually searched to identify any addi-
tional relevant studies. Reference lists for published reviews on the 
topic and any included articles were also hand searched for addi-
tional relevant publications. Finally, international online databases 
for patient- reported outcome measures were searched for addi-
tional translated measures or any further potentially relevant stud-
ies. This search included databases such as the European League 
Against Rheumatism Outcome Measures Library (oml.eular.org), 
the Health Outcomes Group (healthoutcomesgroup.com), and 
Mapi Research Trust (mapi- trust.org).

Eligibility criteria and article selection. Studies that 
described the translation or cross- cultural validation of the fol-
lowing patient- reported FSAMs in RA were included: HAQ DI, 
HAQ- derived instruments, or PROMIS FSAMs. The following 
exclusion criteria were applied: non- English publications, stud-
ies of translated FSAMs in non- RA populations, and studies 
using a previously translated FSAM to validate another trans-
lated measure (i.e., the original measure was not used as the 
gold standard).

SIGNIFICANCE & INNOVATIONS
• There are various Health Assessment Questionnaire

and Patient-Reported Outcomes Measurement 
Information System functional status assessment 
measures (FSAMs) that have been translated and 
culturally adapted for use around the world, al-
though there is little examination of the cross- 
cultural validity of these measures.

• This is the first study to conduct a critical appraisal
of the translation and cultural adaptation of these 
measures using a standardized assessment check-
list developed by the Consensus-Based Standards 
for the Selection of Health Measurement Instru-
ments (COSMIN) group, and a majority of studies 
were found to be of poor or fair methodologic 
 quality.

• Given the widespread use of these measures, fu-
ture studies should be conducted to ascertain 
whether the cultural validity of FSAMs varies by 
disease subtype or whether further specific studies 
are required in rheumatoid arthritis populations.
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Data collection and assessment of methodologic 
quality using COSMIN. Two reviewers, SCK-W and CEHB, 
independently conducted data collection and assessment of 
the methodologic quality of the included studies, and any dis-
agreements were resolved by consensus. Study characteristics 
were collected, including original and translated language, coun-
try where the study took place, the specific FSAM studied, and 
the methods for cross- cultural translation and for determining 
cross- cultural validity, where appropriate.

The methodologic quality of the included studies was rated 
using the COSMIN checklist for cross- cultural validity (19,25). 
Briefly, COSMIN is a standardized tool for assessing the method-
ologic quality of studies on all of the following measurement prop-
erties: internal consistency, reliability, measurement error, content 
validity, structural validity, hypothesis testing, cross- cultural valid-
ity, responsiveness, and interpretability. COSMIN reporting also 
includes standardized collection of items relating to the interpret-
ability of the measurement property (including percentage of miss-
ing items, handling of missing items, and adequate sample size) 
and the generalizability of the study (including population charac-
teristics and study setting).

The checklists are meant to be used in a modular fashion, 
and this study uses only 1 of these checklists: cross- cultural 
validity. For this tool, a checklist of 15 items was completed, with 
each item rated on a 4- point scale (poor, fair, good, or excellent) 
based on predefined criteria (25) (see Supplementary Appendix A, 
available on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.23904/ abstract). If a reviewed 
study reported on the other aforementioned psychometric prop-
erties, in addition to cross- cultural validity, it was not evaluated as 
part of this review, because it was considered outside the scope 
of evaluation.

The COSMIN checklist for cross- cultural validity (see Supple-
mentary Appendix A, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23904/ 

abstract) (19,25) is based on published guidelines for the multistep 
process that begins with translation, followed by cultural adap-
tation, and finally by assessing cross- cultural validity of instru-
ments for use in other languages and cultures (12–16,18). Direct 
linguistic translation ideally includes both forward and backward 
translation by at least 2 independent translators, followed by an 
independent review panel to rectify issues with these translations. 
The next key element in developing a successful translation is 
conducting a pilot study or pretesting. Pretesting is essential to 
check face validity by assessing interpretability and comprehen-
sion as well as cultural relevance of the translation. Pretesting 
is best accomplished through in- person cognitive interviews, 
because this technique allows the most complete assessment 
of the question and answer process (26). At the end of this pro-
cess, the translated and culturally adapted measure must then be 
assessed for cross- cultural validity, commonly measured by DIF, 
a formal test of invariance across cultures.

RESULTS

The original search yielded 11,835 articles, which all under-
went title and abstract screening. Of these, 58 were eligible for 
full- text review. The repeated search yielded 1,082 articles, none 
of which were eligible for full- text review. Of these 58 articles, 36 
were included, and an additional 3 articles were identified during 
hand searching for a total of 39 articles. The results of the search 
are shown in Figure 1.

Table 1 shows the characteristics of the included studies. Of 
the 39 studies, 29 described the translation, cultural adaptation, 
or cross- cultural validity of the HAQ DI, 8 other studies described 
HAQ derivatives, and 2 studies described PROMIS measures. In 
total, these represented 22 different languages. Nearly all of the 
articles (90%, n = 35) described translation, most (80%, n = 31) 
described cultural adaptation, and only very few (8%, n = 3) exam-
ined the cross- cultural validity of translated versions. There was 

Figure 1. Flow diagram depicting manuscript selection for systematic review of cross- cultural validity of functional status assessment measures 
(FSAMs). CINAHL = Cumulative Index to Nursing and Allied Health Literature; COSMIN = Consensus- Based Standards for the Selection of Health 
Measurement Instruments; HAQ = Health Assessment Questionnaire; PROMIS = Patient- Reported Outcomes Measurement Information System.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
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generally poor concordance with the proposed guidelines for 
cross- cultural adaptations of the measures. However, a trend to 
improved study quality in the domain of cross- cultural adaptation 
was seen over time, with fewer studies published after 2009 rated 
as poor (2 of 9 poor quality studies in the time period 2009–2017 
versus 18 of 26 in the time period between 1986–2008) (see Sup-
plementary Appendices B and C, available on the Arthritis Care 
& Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23904/ abstract). Overall, only 2 studies (5%) were rated as 
excellent, 3 studies (7%) were rated as good, 13 (33%) were rated 
as fair, and 21 (54%) were rated as poor (see full ratings in Supple-
mentary Appendices B and C, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23904/ abstract). Lack of pretesting was 
the main methodologic issue leading to a poor COSMIN rating in 
43% of the reviewed articles (n = 16 of 37 eligible studies). Pretest-

ing the adapted measure refers to a methodologic step where the 
interpretation and cultural relevance of the items and comprehen-
sion are checked often through cognitive interviews. The charac-
teristics of the population in which the pretesting is done should 
also be described. Another common issue was translation. The 
expertise of the people involved in translation was not described 
in 49% of the 35 studies reporting on translation (n = 17), resulting 
in a fair rating (see Supplementary Appendices B and C, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23904/ abstract). 
In 16 of 35 studies (46%), whether the translators worked inde-
pendently was unclear, and in 2 studies they did not work inde-
pendently, leading to fair and poor ratings, respectively, on the 
COSMIN checklist. Five studies (14%) reported only a forward 
translation and an additional 5 studies (14%) reported only 1 for-
ward and 1 backward translation, leading to poor and fair COSMIN 

Table 1. Characteristics of included studies examining the translation, cultural adaptation, or cross- cultural validity of common patient- 
reported functional status measures in rheumatoid arthritis*

Instrument
Studies, 

no.
Languages  

(number of studies)†
COSMIN  

rating Translation
Cultural 

adaptation
Cross- cultural 

validity
HAQ DI 29 20 languages: Arabic (3), Bengali, 

British English, Chinese, Danish, 
Dutch, Estonian, French, Italian, 
Japanese, Korean, Malay, 
Marathi, Persian (3) Portuguese, 
Spanish (4), Swedish, Swiss- 
German, Thai (2), and Turkish (2)

Poor 17 (59), Fair 9 
(31), Good 2 (7), 
Excellent 1 (3)

27 (93) 26 (90) 1 (3)

MDHAQ, 
MHAQ, 
HAQ- II

8 8 languages: Arabic, Chinese, 
Dutch, Finnish, Hindi, Korean, 
Spanish, and Swedish

Poor 3 (38), Fair 4 
(50), Good 1 (13)

7 (88) 4 (50) 1 (13)

PROMIS 2 1 language: Dutch (2) Poor 1 (50), 
Excellent 1 (50)

1 (50) 1 (50) 1 (50)

* Values are the number (%) unless indicated otherwise. COSMIN = Consensus- Based Standards for the Selection of Health Measurement 
Instruments; HAQ DI = Health Assessment Questionnaire disability index; MDHAQ = Multidimensional Health Assessment Questionnaire; 
MHAQ = modified HAQ; PROMIS = Patient- Reported Outcomes Measurement Information System. 
† The number of studies per language is given if >1, including dialects. 

Table 2. Cross- cultural validity using differential item functioning (DIF)*

Study author, 
year (ref.) Instrument Language Study populations, no. Findings

Küçükdeveci, 
2004 (27)

HAQ DI Turkish vs. 
English (UK)

75 Turkish RA patients; 
comparator: 174 UK 
RA patients 

DIF was seen on 1 of 8 subscales (activity subscale 
composed of 3 questions, and the DIF on this subscale 
was not further attributed to any individual tasks). It was 
unclear whether a formal analysis of the impact of 
potential bias related to the DIF found was conducted, 
although authors conclude it is likely negligible.

Oude Voshaar, 
2013 (28)

HAQ- II Dutch vs. 
English (US)

2 Dutch RA cohorts 
combined for analysis: 
A) 472, B) 550; 
comparator: 18,747 US 
RA patients

2 items (20%) showed cross- cultural DIF and were more 
difficult for US patients (standing up from a straight chair 
and climbing ≥2 flights of stairs). Analysis of impact of 
potential bias from individual items on total scores 
deemed negligible.

Oude Voshaar, 
2014 (29)

PROMIS 
physical 
function 
item bank

Dutch vs. 
English (US)

690 Dutch RA patients; 2 
comparator groups 
with 2 independent 
samples: A) wave 1 US 
general population 
(942,995), B) US RA 
patients (273,280)

A) 25 items (20%) showed cross- cultural DIF (impact on 
physical function negligible). On 11 items Dutch patients 
endorsed lower scores (increased difficulty) with use of 
hands or arms; 12 items were more difficult for US 
patients, including 5 involving stair climbing. B) 7 of 24 
items showed DIF. Analysis of impact of potential bias from 
individual items on total scores deemed negligible.

* The Health Assessment Questionnaire II (HAQ- II) is a 10- item questionnaire. ref. = reference; HAQ DI = HAQ disability index; RA = rheumatoid 
arthritis; PROMIS = Patient- Reported Outcomes Measurement Information System. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
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ratings, respectively; 19 studies (54%) did not report the review of 
the translation by a committee (see Supplementary Appendices B 
and C, available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23904/ abstract).

During the process of linguistic translation and cultural adap-
tation, a number of the studies reported modification of the orig-
inal instrument questions. For example, Figure 2 shows the HAQ 
DI items that required modification for cross- cultural adaptation in 
23 of the 29 HAQ DI studies (6 studies were excluded from this 
table, because they did not include enough details about trans-
lated and modified items). Modifications were required and justi-
fied as part of the cross- cultural adaptation process to ensure that 
each question was not only translated but also culturally relevant 
to the target population. Of note, 10 of the 23 articles included in 
Figure 2 modified ≥20% of the items in the original HAQ DI. Two 
studies modified 50% or more of the items included in the HAQ DI. 
HAQ DI functional tasks such as “cut your meat,” “open a new milk 
carton,” “take a tub bath,” and “doing chores” were modified in 
>40% of these studies. The most commonly modified item (65% 
of the studies) was converting imperial to metric measurement 
in “reach and get down a 5- pound object.” Car-related activities 
were changed to bus or even, in 1 study, rickshaw. Toilets often 

required specification as to what type of toilet: western, squat, or 
field toilets. Bathtubs were not used in all cultures and this ques-
tion was omitted from some translated versions or switched to a 
shower. Additionally, some cultural modification was required to 
“cut your meat” if meat was not consumed. In some countries 
“milk cartons” are not used and the question was changed to 
“plastic bag of milk.” “Do chores such as vacuuming or yardwork” 
was also modified in some translated versions to other household 
tasks if vacuuming and yardwork were not frequent tasks.

There were very few studies that examined the cross- cultural 
validity of the translated instruments in RA populations using IRT 
with DIF as a formal test of invariance across cultures. These stud-
ies are shown in Table 2. Two studies noted DIF between Dutch 
and US populations for the HAQ- II and PROMIS measures, and 
a third study found DIF between Turkish and UK populations on 
the HAQ DI. Küçükdeveci et  al (27; 2004) showed invariance 
across cultures of the Turkish HAQ with absent DIF except for 
“activities,” which were more difficult for the Turkish compared 
to the UK cohort. Oude Voshaar et al (28; 2013) showed neg-
ligible DIF supporting cross- cultural equivalence of the Dutch 
HAQ- II.  Standing up from a straight chair and climbing ≥2 flights 
of stairs was scored higher for US compared to Dutch cohorts. 

Figure 2. Items of the original Health Assessment Questionnaire (HAQ) disability index that required modification as part of cross- cultural 
adaptation. Items requiring modification are indicated by a check mark.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23904/abstract
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Oude Voshaar et al (29; 2014) showed high agreement between 
total estimates of the Dutch PROMIS compared to the US. Dutch 
patients had more difficulty with activities that involved the upper 
extremities, and patients in the US had more difficulty with those 

activities that involved climbing stairs.

DISCUSSION

This systematic review examines the translation, cultural 
adaptation, and cross- cultural validity of FSAMs for RA, including 
the HAQ DI, HAQ- derived measures, and the PROMIS FSAMs. 
While the initial primary aim of this study was to evaluate the cross- 
cultural validity of FSAMs, there were unfortunately very few arti-
cles that formally assessed this validity in RA (3 of the 39 studies 
[27–29]). While translation and cultural adaptation alone allow for 
rapid use of an instrument and serve the local need for monitoring 
of disease severity and response to treatment, without assessing 
cross- cultural validity, these measures cannot accurately compare 
physical function across diverse populations for the purposes of 
research and clinic trials. Therefore, a major finding of our study 
was the paucity of studies evaluating the cross- cultural validity of 
these instruments in RA populations.

In the assessment of cross- cultural validity, when the trans-
lated and adapted item shares the same item- response function 
as the original item, then the item goes beyond linguistic equiv-
alence and cultural relevance and has been shown to work the 
same way, measuring the same level of function in both cultures. 
Similarly, the presence of DIF is imperative to know, when com-
paring scores for translated measures between different groups 
of participants. For example, knowing that Dutch RA patients 
(29) had more difficulty with activities that involved the upper 
extremities and patients in the US with those that involved climb-
ing stairs is helpful when comparing scores from the 2 popula-
tions. Differences in these scores may not reflect a difference in 
function in the populations but instead reflect the underlying dif-
ference in functioning of the translated measure and the origina-
tor. Here, different Dutch versus US respondents with the same 
level of physical function responded differently, so scores are not 
directly comparable, and adjustments might need to be made if 
studies plan to pool FSAM scores from across different patient 
populations. Importantly, although DIF was shown in the iden-
tified studies, all authors concluded that the effects on overall 
scores were minimal, supporting the cross- cultural validity of 
these measures.

The remainder of the studies reported only on the translation 
and/or cultural adaptation of the FSAM. Overall, we have found 
that the methodologic quality of the studies describing the trans-
lation and/or cultural adaptation of the translated FSAMs is mostly 
of poor or fair quality according to COSMIN criteria, although many 
of the studies were conducted before the COSMIN criteria were 
published. There appeared to be a trend to improvement in study 
quality, with fewer studies rating poorly on COMSIN criteria after 

2009, likely reflecting increasing awareness over time of guidelines 
highlighting the importance of methodologically sound and trans-
parent methods of translation and cultural adaptation of patient 
questionnaires (12–18).

The most common shortcoming leading to low COS-
MIN ratings was lack of any form of pretesting of the trans-
lated FSAMs, with only 57% of studies describing any form of 
pretesting (16 of 37 eligible studies). There were 2 commonly 
employed methods for pretesting identified in this review: in- 
depth and in- person cognitive interviews, or supplementary 
questionnaires where participants were asked to rate the com-
prehensibility of each question and suggest alternative transla-
tions. While the first approach is considered superior (26), even 
the more simplistic approach of supplementary questionnaires 
allowed for modifications based on participant feedback that 
improved the ease of interpretability of the instrument prior to 
its use. Pretesting is an important step in measuring translation, 
and lack of testing could impact the interpretability of the final 
translated measure.

While our study represents, to the best of our knowledge, 
the most comprehensive review on this topic to date, there are 
some limitations that should be highlighted. First, there may 
be more translated versions of the included FSAMs than are cap-
tured in this current study. The HAQ DI is said to be translated 
into more than 60 languages and dialects (11). Despite our rigor-
ous search strategy, we found only 22 different translations (not 
including dialects). There are a few reasons why further transla-
tions may have been missed; for example, if translation was not 
the aim of the study but a part of the methods of an article, and 
was not specified in the title or abstract, that study could have 
been missed by our search strategy. Alternatively, an article could 
have been missed if the translation was done but not published. 
Last, if the translated measure was published in a non- English 
language publication or if the study was in a non- RA population, it 
was not captured in our study.

There have been extensive and cohesive efforts to translate 
and culturally adapt the PROMIS measures into other languages 
using rigorous methodology (30), although many of these stud-
ies were not included in our results, because they were not con-
ducted in RA populations. The Functional Assessment of Chronic 
Illness Therapy (FACIT) translation methodology (31) has been 
adopted for the PROMIS and related measures. FACIT method-
ology involves the standard steps of iterative forward and back 
translations, multiple reviews, and cognitive debriefing in the tar-
get population. For any new translations, the organization con-
ducts a quality review to ensure harmonization across languages. 
This process ensures consistency in the translation of similar items 
within the item bank as well as consistency with previous transla-
tions. To date, many translated versions of the PROMIS FSAMs 
are available for use through HealthMeasures, a US- based 
national person- centered assessment resource that includes the 
PROMIS measures (32).
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Given the standardized, high-quality approach to trans-
lation of the PROMIS measures, the translation and cultural 
adaptation of translated versions may not always be pub-
lished. Furthermore, where the information about the process 
of PROMIS measure translation is published, it may not be in 
an RA subpopulation, for example, a recently published psy-
chometric evaluation of the German translation of the PROMIS 
physical function item bank (33). Furthermore, the assess-
ment of the cross- cultural validity of the measures may also 
have been conducted in populations other than RA and would 
not have been captured by our literature search. For exam-
ple, the cross- cultural validity of the PROMIS physical func-
tion bank has been examined in >1,000 Dutch patients with 
chronic pain, and 4 items were flagged for DIF, which negligibly 
impacted overall scores (34). In contrast, a Spanish translation 
of the PROMIS physical function item bank was tested in the 
US general population, revealing that 50 of the 114 items were 
flagged for important DIF, indicating that English-  and Spanish- 
speaking individuals with the same underlying level of physi-
cal function responded differently to these questions (35). In 
the future, research on the cross- cultural validity of PROMIS 
physical function measures should be conducted to determine 
whether disease- specific studies are needed or whether items 
function similarly in individuals with different chronic diseases 
within a culture. If there is evidence that items function differ-
ently in RA populations, then additional studies should be con-
ducted, given the lack of studies that we identified.

Since the completion of our study, the COSMIN group 
has published a new risk- of- bias checklist to evaluate patient- 
reported outcome measures (36). In this new checklist, cultural 
validity has a broader definition and includes not only ethnically 
or linguistically different groups but other concepts of culture, 
including age and sex. The new checklist still defines the eval-
uation of cross- cultural validity by assessing whether a scale is 
invariant or whether DIF occurs. In the new COSMIN checklist 
for assessing cross- cultural validity, the standards for assess-
ing the translation process and for assessing a cross- cultural 
study were removed, because the authors felt these standards 
were not a measurement property. We have decided to report on 
these items, because the results were still informative as high-
lighted in our study. The COSMIN group also moved the pretest 
criteria to a different part of the COSMIN checklist under “con-
tent validity,” with the rationale that “a poor translation process 
does not necessarily mean that the instrument has a poor cross- 
cultural validity.” While we concur with this statement, we found 
that reviewing all elements of translation, pretesting, and cross- 
cultural validity has clearly illustrated important gaps in the meth-
ods of translation and testing of widely used FSAMs in RA.

In conclusion, FSAMs have been widely used both in their 
validated English form and in many translated forms. Although 
current evidence is limited, that evidence supports the cross- 
cultural validity of the measures in some cultural settings. Further 

investigation should be considered when using these measures 
for multinational clinical trials and for day- to- day use in practice in 
settings where cross- cultural validity has not been formally estab-
lished.
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Efficacy and Safety of Intravenous Golimumab Through 
One Year in Patients With Active Psoriatic Arthritis
M. Elaine Husni,1 Arthur Kavanaugh,2 Frederick Murphy,3 Dmytro Rekalov,4 Diane D. Harrison,5 Lilianne Kim,5 
Kim Hung Lo,5 Jocelyn H. Leu,5 and Elizabeth C. Hsia6

Objective. The present study was undertaken to evaluate the safety and efficacy of intravenous (IV) golimumab in 
patients with active psoriatic arthritis (PsA) through 1 year.

Methods. GO- VIBRANT was a phase III, randomized, placebo- controlled trial of 480 adults with active PsA. 
Patients were randomized to receive IV placebo (n = 239) or golimumab 2 mg/kg (n = 241) at weeks 0, 4, and every 
8 weeks, with placebo crossover to golimumab at weeks 24, 28, and every 8 weeks thereafter. Efficacy through 
week 52 was assessed using the American College of Rheumatology (ACR) ≥20%, 50%, or 70% improvement 
criteria (ACR20/50/70), and the Psoriasis Area and Severity Index ≥75% improvement criteria (PASI75). Radiographic 
progression was measured using the PsA- modified Sharp/van der Heijde score (SHS). Adverse events (AEs) were 
monitored through week 60.

Results. The primary and major secondary end points through week 24 were achieved. At week 52, 76.8% of 
patients in the golimumab group and 77.0% in the placebo- crossover group achieved an ACR20 response, 58.1% 
and 53.6%, respectively, achieved an ACR50 response, and 38.6% and 33.9%, respectively, achieved an ACR70 
response. Among patients with ≥3% body surface area affected, 71.9% in the golimumab group and 60.6% in the 
placebo- crossover group achieved a PASI75 response at week 52. Mean change from baseline in total SHS at week 52 
was –0.5 in the golimumab group and 0.8 in the placebo- crossover group. Through week 60, 50.9% of all golimumab- 
treated patients had ≥1 AE, and 5.2% had ≥1 serious AE. There were no opportunistic infections, 2 malignancies, and  
1 death in patients treated with golimumab.

Conclusion. Sustained improvements in joint and skin disease in patients with PsA were maintained through  
1 year in the GO- VIBRANT study. No new safety signals for IV golimumab were identified.

INTRODUCTION

Psoriatic arthritis (PsA) is characterized by joint disease 
 affecting either or both the peripheral joints and the axial skeleton 
along with psoriatic lesions (1). Progression of radiographic joint 
damage and the presence of enthesitis and dactylitis can lead 
to decreased physical function and disability. The totality of these 
symptoms contributes to the significant psychosocial  burden of 
PsA (2).

In the phase III GO- VIBRANT study (A Multicenter, Rand-
omized, Double-Blind, Placebo-Controlled Trial of Golimumab, an 
Anti-TNFα Monoclonal Antibody, Administered Intravenously, in 
Subjects With Active Psoriatic Arthritis), adult patients with active 
PsA showed greater improvements in the signs and symptoms 
of PsA and less radiographic progression through week 24 when 
receiving intravenous (IV) golimumab compared with those who 
received placebo (3). Improvements in health- related quality of life 
(HRQoL) were also greater for patients in the golimumab group 
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(3). Adverse events (AEs) through week 24 were consistent with 
the known safety profile of IV golimumab. Efficacy and safety 
through 1 year are reported herein.

PATIENTS AND METHODS

Patients and study design. Details of the study design 
and eligibility criteria for patients in the GO- VIBRANT trial have 
been previously described (3). Briefly, adult patients with a 
diagnosis of PsA for at least 6 months were eligible for the 
phase III GO- VIBRANT study. Patients had to have active PsA 
(≥5 swollen and ≥5 tender joints at screening and baseline 
and C- reactive protein [CRP] level ≥0.6 mg/dl at screening) 
despite current or previous therapy with disease- modifying 
antirheumatic drugs (≥3 months) and/or nonsteroidal antiin-
flammatory drugs (≥4 weeks) or an intolerance to these thera-
pies. Patients who had been treated previously with biologics 
were excluded.

Eligible patients were randomly assigned to receive IV 
infusions of golimumab 2 mg/kg at weeks 0, 4, and every 
8 weeks thereafter or placebo at weeks 0, 4, 12, and 20. 
Randomization was stratified by geographic region and base-
line treatment with methotrexate (MTX) (yes/no). At week 
16, if patients met the early escape criteria (<5% improve-
ment in swollen and tender joint counts), specific changes 
in concomitant medications were permitted at the discretion 
of the investigator. At week 24, all patients in the placebo 
group crossed over to receive golimumab 2 mg/kg at week 
24, week 28, and every 8 weeks thereafter. The final study 
agent infusion was administered at week 52. Concomitant 
treatment with stable doses of MTX (≤25 mg/week) was per-
mitted for patients treated with MTX ≥3 months prior to the 
first golimumab administration. Stable doses of concomitant 

oral corticosteroids and nonsteroidal antiinflammatory drugs 
were also permitted.

Assessments. Changes in peripheral arthritis signs and 
symptoms were assessed using the American College of Rheu-
matology (ACR) response criteria (4) based on a swollen joint 
count (66 joints) and a tender joint count (68 joints). Disease 
activity was also assessed using the Disease Activity Score in 
28 joints using the CRP level (DAS28- CRP)  criteria for response 
and remission (5). DAS28- CRP response and remission analy-
ses were prespecified and based on the criteria validated 
for use in patients with rheumatoid arthritis (5). DAS28-CRP 
response included good and moderate responses (a good 
response was defined as a score ≤3.2 with an improvement 
>1.2 from baseline, and a moderate response was defined as a 
score >3.2 with an improvement >1.2 from baseline or a score 
≤5.1 and an improvement >0.6 to ≤1.2 from baseline). DAS28- 
CRP remission was defined as a score <2.6. Physical function 
was evaluated using the Health Assessment Questionnaire dis-
ability index (HAQ DI) (6). Enthesitis was evaluated using the 
Leeds Enthesitis Index (7), which was specifically designed 
for patients with PsA. Dactylitis was evaluated using a scoring 
system from 0 to 3 for each digit (0 = no dactylitis, 1 = mild 
dactylitis, 2 = moderate dactylitis, and 3 = severe dactylitis) 
(8,9). The proportion of patients with ≥50% improvement in the 
Bath Ankylosing Spondylitis Disease Activity Index criteria for 
50% improvement (BASDAI 50) (10) was determined among 
patients with investigator- assessed spondylitis with peripheral 
arthritis. Radiographic progression was measured using the 
PsA-modified Sharp/van der Heijde score (SHS) (11). Among 
patients with ≥3% body surface area involvement, the propor-
tions of patients with ≥75%, ≥90%, and 100% improvement 
in the Psoriasis Area and Severity Index (PASI75/90/100) (12) 
were also determined through week 52. Changes in psoriatic 
nail involvement were assessed using the modified Nail Psori-
asis Severity Index (mNAPSI) (scale 0–3) (13) among patients 
with a baseline score >0. HRQoL was evaluated with the Short 
Form 36 health survey physical component summary (SF- 36 
PCS) and mental component summary (SF- 36 MCS) scores 
(14). Odds ratios and 95% confidence intervals were calcu-
lated using a logistic regression model. As a post hoc analysis, 
selected efficacy end points of interest were also evaluated in 
patients who did not achieve an ACR20 response at week 52.

The proportion of patients achieving minimal disease activ-
ity (MDA) was determined at week 52. MDA is a composite mea-
sure defined as meeting ≥5 of the following 7 criteria: tender 
joint count ≤1, swollen joint count ≤1, PASI ≤1 or body surface 
area involvement ≤3%, visual analog scale (VAS) score ≤15 on a 
patient assessment of pain, VAS score ≤20 on a patient global 
assessment of disease activity, a HAQ DI score ≤0.5, and ≤1 
tender entheseal point (15).

SIGNIFICANCE & INNOVATIONS
• Intravenous golimumab 2 mg/kg was effective in re-

ducing the signs and symptoms of active psoriatic  
arthritis in adult patients with a robust response 
through 1 year of treatment.

• Improvements in health-related quality of life in 
adult patients treated with intravenous golimumab 
2 mg/kg were maintained through 1 year.

• Patients who crossed over from placebo to golimu-
mab 2 mg/kg at week 24 generally achieved efficacy 
responses similar to those of patients who received 
golimumab from baseline in this 1-year study.

• The safety profile observed in this study was con-
sistent with the known safety profile of anti–tumor 
necrosis factor agents, including previous studies 
of golimumab.
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Patients were monitored for AEs through week 60. Serum 
samples were analyzed for the presence of antibodies to goli-
mumab using a highly sensitive, drug- tolerant, enzyme immuno-
assay. Immunogenicity analyses included patients who had 
a baseline sample and at least 1 golimumab infusion and 1 
 postbaseline sample. Serum samples were also analyzed 
to measure golimu mab concentrations. Pharmacokinetic analy-
ses included all patients who had received at least 1 golimumab 
infusion and had available serum samples.

Statistical analysis. Efficacy outcomes through week 52 
are reported by randomized treatment group and summarized 
using descriptive statistics (counts and percentages for discrete 
variables; mean ± SDs for continuous variables). There was no 
formal hypothesis testing after week 24. Treatment failure rules 
were not applied to clinical efficacy end points after week 24. 
Missing data were imputed using the last observation carried 
forward for continuous variables and for missing components 
of composite end points. For dichotomous responder- type end 
points with completely missing components, nonresponder 
imputation was applied for missing data.

RESULTS

Patients. Detailed patient demographic and disease char-
acteristics have been previously published and were generally 
well- balanced between the treatment groups (3). A total of 480 
patients were randomized to receive placebo (n = 239) or golimu-
mab 2 mg/kg (n = 241) at baseline. Patient disposition through 
week 24 has been reported in detail (3). Through week 60, 53 
patients discontinued the study agent. One patient withdrew from 
the study before receiving the study agent; 27 patients discontin-
ued study treatment before week 24 and have been previously 
described (3). After week 24, 8 patients in the placebo- crossover 
group and 17 patients in the golimumab group discontinued study 
treatment through week 52 (Figure 1). Reasons for discontinuation 
from week 24 through week 52 included AEs (n = 14) and with-
drawal of consent (n = 4).

Clinical efficacy and patient- reported outcomes. 
Greater proportions of patients in the golimumab group achieved 
an ACR20, ACR50, and ACR70 response at weeks 14 and 24 
when compared with placebo (3). Following placebo- crossover 

Figure 1. Patient disposition through week 52. AE = adverse event; EE = early escape.
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(n = 239)

Continued golimumab 2 mg/kg
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Continuing golimumab 2 mg/kg
(n = 230)

Crossed over to golimumab 2 mg/kg
(n = 222)
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to golimumab at week 24, the proportions of ACR responders in 
the placebo- crossover group approached those in the golimu mab 
group at week 28. ACR response rates were maintained through 
week 52 in both groups (Figure 2). Similar to results through week 
24, there was no meaningful difference between the treatment 
groups in the proportions of patients achieving an ACR20, ACR50, 
and ACR70 response who did and did not receive concomitant 
MTX at baseline (Table 1). Among patients in the golimumab group 
who achieved an ACR20, ACR50, or ACR70 response at week 
24, 87.6% (162 of 185), 79.1% (102 of 129), and 74.7% (59 of 
79), respectively, maintained this response at week 52. At week 
52, 42.3% and 33.9% of patients in the golimumab group and the 
placebo- crossover group, respectively, achieved MDA.

Patients randomized to golimumab had greater mean im -
prove ments in the DAS28- CRP score compared with the  placebo 
group at weeks 14 (–2.3 versus –0.6) and 24 (–2.5  versus –0.7). At 
week 52, the mean improvement in the placebo- crossover group 
(–2.4) was similar to that in the golimumab group (–2.6). Additionally, 
greater proportions of patients in the golimumab group achieved 
a DAS28- CRP response (92.5% versus 40.2%; P < 0.001) and 
remission (score <2.6, 36.5% versus 4.6%; P < 0.001) at week 14 
and week 24 (92.9% versus 39.7%; P < 0.001 and 41.9% versus 
7.1%; P < 0.001, respectively). DAS28- CRP response and remis-
sion rates were maintained at week 52 in the golimumab group, with 
the placebo- crossover group having similar response rates (Table 1).

Among patients with dactylitis or enthesitis at baseline, 
the mean changes from baseline in dactylitis and enthesitis 
scores, respectively, were similar in the 2 treatment groups 
at week 52, when all patients had been receiving golimumab 
(Table  1). Greater proportions of patients in the golimumab 
group had resolution of dactylitis at week 14 (74.6% versus 
25.0%) and week 24 (78.4% versus 35.5%) and resolution 
of enthesitis at week 14 (47.6%  versus 22.1%) and week 24 
(60.5% versus 29.8%). The proportions of patients with resolu-
tion of dactylitis or enthesitis were maintained at week 52 in the 
golimumab group, with similar results in the placebo- crossover 
group (Table 1).

Among patients with physician- reported spondylitis with 
peripheral arthritis at baseline, 54.1% of patients in the golimumab 
group and 40.4% of patients in the placebo- crossover group 
had a BASDAI 50 response at week 52, and 37.7% and 24.6%, 
respectively, had a BASDAI 70 response.

Among patients with ≥3% body surface area affected at 
baseline, 71.9% in the golimumab group and 60.6% of patients in 
the placebo- crossover group had a PASI75 response at week 52 
(Table 1); 56.1% and 41.9%, respectively, had a PASI90 response, 
and 28.6% and 18.7%, respectively, had a PASI100 response. 
Additionally, 58.2% of patients in the golimumab group and 52.5% 
in the placebo- crossover group had both a PASI75 response 
and an ACR20 response at week 52. Among patients with fin-

Figure 2. Proportions of patients achieving an ACR20 response (A), ACR50 response (B), ACR70 response (C), and minimal disease 
activity (MDA) (D) through week 52. ACR 20/50/70 = American College of Rheumatology 20%, 50%, and 70% improvement criteria. The 
broken line indicates the time of placebo crossover to golimumab.
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gernail involvement at baseline (mNAPSI score >0), the mean 
improvement from baseline in mNAPSI score was greater in the 
golimumab group than in the placebo group at week 24 (−11.4 
versus −3.7; P < 0.001). At week 52, the mean improvement from 
baseline in mNAPSI score was similar in both treatment groups 
(golimumab, –12.1; placebo- crossover, –12.9).

A total of 111 patients (placebo- crossover, n = 56; goli-
mumab, n = 55) were ACR20 nonresponders at week 52. Among 
these patients, 40.0% in the placebo- crossover group and 76.8% 

in the golimumab group had achieved an ACR20 response at an 
earlier time point. Although these patients did not demonstrate a 
high level of clinical efficacy as defined by ACR response, there 
was some evidence of a positive clinical response in this group of 
patients. For example, 33.3% and 58.7%, respectively, achieved 
a PASI75 response, and 18.8% and 37.0% achieved a PASI90 
response at week 52 (see Supplementary Table 1, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23905/ abstract).

Table 1. Clinical efficacy and health-related quality of life at week 52*

Placebo to 
golimumab 

2 mg/kg
Golimumab  

2 mg/kg
Patients, no. 239 241
ACR20 184 (77.0) 185 (76.8)

MTX at baseline 
Yes 133 (76.9) 127 (77.9)
No 51 (77.3) 58 (74.4)

ACR50 128 (53.6) 140 (58.1)
MTX at baseline

Yes 90 (52.0) 94 (57.7)
No 38 (57.6) 46 (59.0)

ACR70 81 (33.9) 93 (38.6)
MTX at baseline

Yes 53 (30.6) 61 (37.4)
No 28 (42.4) 32 (41.0)

DAS28- CRP response 206 (86.2) 224 (92.9)
DAS28-CRP remission 98 (41.0) 117 (48.5)
Patients with spondylitis with peripheral joint involvement, no. 57 61

BASDAI 20 37 (64.9) 44 (72.1)
BASDAI 50 23 (40.4) 33 (54.1)
BASDAI 70 14 (24.6) 23 (37.7)

Patients with ≥3% BSA with psoriasis involvement at baseline, no. 198 196
PASI75 120 (60.6) 141 (71.9)
PASI90 83 (41.9) 110 (56.1)
PASI100 37 (18.7) 56 (28.6)

Change from baseline in HAQ DI
No. 236 237
Mean ± SD –0.56 ± 0.55 –0.66 ± 0.63

Change from baseline in CRP
No. 239 241
Mean ± SD –1.2 ± 2.1 –1.1 ± 3.1

Patients with enthesitis at baseline, no. 181 185
Change from baseline in enthesitis score

Mean ± SD –2.2 ± 1.9 –2.1 ± 1.7
Patients with enthesitis score of 0 at week 52 115 (63.5) 117 (63.2)

Patients with dactylitis at baseline, no. 124 134
Change from baseline in dactylitis score

Mean ± SD –8.9 ± 10.1 –8.0 ± 8.9
Patients with dactylitis score of 0 at week 52 96 (77.4) 109 (81.3)

Health- related quality of life
Change from baseline in SF- 36 PCS score

No. 236 237
Mean ± SD 9.0 ± 8.2 10.6 ± 8.9

Change from baseline in SF- 36 MCS score
No. 236 237
Mean ± SD 3.8 ± 9.5 5.4 ± 10.8

* Values are the number (%) unless indicated otherwise. ACR 20/50/70 = American College of Rheumatology 20%, 
50%, and 70% improvement criteria; MTX = methotrexate; DAS28- CRP = Disease Activity Score in 28 joints using the 
C- reactive protein (CRP) level; BASDAI 20/50/70 = Bath Ankylosing Spondylitis Disease Activity Index 20%, 50%, and 
70% improvement criteria; BSA = body surface area; PASI 75/90/100 = Psoriasis Area and Severity Index 75%, 90%, 
and 100% improvement criteria; HAQ DI = Health Assessment Questionnaire disability index; SF- 36 PCS/MCS =  
Short Form 36 health survey physical/mental component summary. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23905/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23905/abstract
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HRQoL. Through week 24, patients in the golimumab 
group had greater mean improvements in HRQoL compared with 
patients in the placebo group (3). Mean changes in SF- 36 PCS and 
MCS scores were maintained in the golimumab group at week 52 
(Table 1). Mean changes in the placebo- crossover group at week 
52 were similar to those observed in the golimu mab group after all 
patients had been receiving golimumab after week 24.

Radiographic progression. At week 24, the mean change 
in the total SHS was –0.4 in the golimumab group and 2.0 in the 
placebo group (3). At week 52, the mean change from baseline in 
the golimumab group was –0.5 and 0.8 in the placebo- crossover 
group (Table 2). At week 52, 54.4% of patients in the placebo- 
crossover group and 71.7% of patients in the golimumab group 

showed a change from baseline in total SHS of ≤0.

AEs. Through week 60, 50.9% of all patients who had 
received golimumab (including placebo- crossover patients) expe-
rienced ≥1 AE (Table 3). Infections were the most common type 

of AE, occurring in 22.8% of all golimumab- treated patients. Ten 
patients (2.2%) had a total of 11 serious infections while receiving 
golimumab: pneumonia and empyema in 1 patient, pneumonia 
in 2 additional patients, pulmonary tuberculosis (TB) in 2 patients, 
and singular events of infected dermal cyst, acute pyelonephritis, 
peri odontitis, urinary tract infection, and acute hepatitis of mixed 
 etiology (Epstein- Barr virus–associated and autoimmune). Both 
cases of active TB occurred in patients who had screened negative 
for latent TB and had a negative QuantiFERON- TB Gold test prior 
to entering the study; 1 patient lived in Ukraine and the other in Lith-
uania. There were no opportunistic infections during the study. One 
demyelinating event, noninfectious encephalitis, occurred prior to 
week 24 (3). A total of 24 golimumab- treated patients (5.2%) had a 
serious AE (SAE) through week 60. With the exception of pneumo-

nia and pulmonary TB, SAEs were singular events.
Two patients were diagnosed with a malignancy prior to week 

24, both in the placebo group (3), and 2 patients were diagnosed 
with a malignancy after week 24 (gastric cancer in the placebo- 
crossover group and colon cancer in the golimumab group). There 
were 3 deaths in this study; 2 occurred through week 24 in the 
placebo group (acute cardiovascular failure and cardiorespiratory 
insufficiency due to metastasis) (3), and 1 death occurred after 
week 24 in the golimumab group and was a result of the acute 
hepatitis of mixed etiology.

A total of 3,122 golimumab infusions were administered through 
week 52; 4 golimumab- treated patients (0.9%) had infusion reac-
tions. Two reactions occurred prior to week 24 (3), and 2 (fatigue and 
throat irritation) occurred after week 24. None of the infusion reactions  
were considered by the investigator to be serious or severe.

At baseline, 204 patients (85.4%) in the placebo group and 
209 patients (87.1%) in the golimumab group had an alanine 
amino transferase (ALT) level of less than or equal to the upper 
limit of normal (ULN). Among these patients, 20.6% (42 of 204) 
and 31.6% (66 of 209), respectively, had a postbaseline ALT level 

Table 2. Radiographic results at week 52*

Placebo to 
golimumab 

2 mg/kg
Golimumab 

2 mg/kg
Change from baseline in total SHS 

score
0.8 ± 3.0 –0.5 ± 2.5

Change from baseline in erosion 
score

0.5 ± 2.3 –0.5 ± 2.0

Change from baseline in joint 
space narrowing score

0.2 ± 1.1 –0.04 ± 0.9

Patients with a change from baseline 
in total SHS score ≤0, no. (%)

129 (54.4) 170 (71.7)

Patients with a change from baseline 
in total SHS score >SDC, no. (%)

37 (15.6) 13 (5.5)

* Values are the mean ± SD unless indicated otherwise. Smallest
detectable change (SDC) = 2.42. SHS = psoriatic arthritis–modified 
Sharp/van der Heijde score. 

Table 3. Adverse events (AEs) through week 60*

Weeks 0–24
Placebo

Weeks 24–60
Placebo to 
golimumab 

2 mg/kg

Weeks 0–60

Golimumab 
2 mg/kg

All golimumab 
2 mg/kg†

Patients, no. 239 220 240 460
Mean duration of follow- up, no. weeks 23.2 36.1 57.4 47.2
Patients who discontinued due to an AE 3 (1.3) 3 (1.4) 14 (5.8) 17 (3.7)
Patients with ≥1 AE 97 (40.6) 90 (40.9) 144 (60.0) 234 (50.9)
Patients with ≥1 infection 37 (15.5) 38 (17.3) 67 (27.9) 105 (22.8)
Tuberculosis 0 0 2 (0.8) 2 (0.4)
Opportunistic infections 0 0 0 0
Demyelinating events 0 0 1 (0.4) 1 (0.2)
Patients with ≥1 infusion reaction 0 2 (0.9) 2 (0.8) 4 (0.9)
Patients with ≥1 SAE 8 (3.3) 5 (2.3) 19 (7.9) 24 (5.2)

Serious infections 2 (0.8) 3 (1.4) 7 (2.9) 10 (2.2)
Malignancies 2 (0.8) 1 (0.5) 1 (0.4) 2 (0.4)

Deaths 2 (0.8) 0 1 (0.4) 1 (0.2)
* Values are the number (%) unless indicated otherwise. SAE = serious adverse event.
† Includes all patients who received at least 1 administration of golimumab. 
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of more than the ULN through week 24. Through week 60, a total 
of 401 golimumab- treated patients had a baseline ALT less than 
or equal to the ULN; among these, 157 (39.1%) had maximum 
postbaseline ALT levels above the ULN. Most of those patients 
(n = 146, 93%) had elevations <3 times the ULN, 9 (6%) had eleva-
tions ≥3 to <5 times the ULN, and 2 patients (1%) had a postbase-
line ALT level ≥5 to <8 times the ULN; both had normal bilirubin 
levels throughout the study. No golimumab- treated patient had an 
ALT level ≥8 times the ULN through week 60.

A total of 36 golimumab- treated patients received TB pro-
phylaxis. Of these, 34 had normal ALT levels at baseline, with 19 
having postbaseline elevations. Fourteen of these patients had 
a maximum ALT level <2 times the ULN, 3 patients had a maxi-
mum ALT level ≥2 to <3 times the ULN, and 2 patients had a max-
imum ALT level ≥3 to <5 times the ULN. The 2 patients who had 
an elevated ALT level at baseline and received TB prophylaxis had 
a maximum postbaseline ALT level <2 times the ULN.

Three patients discontinued golimumab due to an AE of ele-
vated ALT level. One patient with an ALT level ≥5 to <8 times the 
ULN was diagnosed with steatohepatitis, and golimumab treatment 
was discontinued after the week- 24 infusion. Another patient who 
discontinued the study agent due to an elevated ALT level received 
golimumab at weeks 0, 4, 12, and 20, followed by placebo at week 
24. The patient was then diagnosed with acute hepatitis of mixed 
etiology (fatal outcome, described earlier) with an ALT level ≥3 to 
<5 times the ULN, and study treatment was discontinued. A third 
patient had slightly elevated baseline ALT levels (>1 to <2 times the 
ULN) and a postbaseline maximum ALT level ≥5 to <8 times the 
ULN. This patient was diagnosed with MTX- induced toxic hepatitis 
before week 24 (3) and was later diagnosed with chronic hepatitis at 
week 42, after which golimumab therapy was discontinued.

Pharmacokinetics and immunogenicity. Trough serum 
golimumab concentrations reached steady state by  approximately 
week 12 and were maintained through week 52 (median 0.61 μg/
ml). Among patients with available serum samples after the first study 
of golimumab administration, 22% tested positive for antibodies to 
golimumab through week 52 (n = 46 of 220, 21% in the placebo- 
crossover group; n = 53 of 230, 23% in the go  limumab group). The 
incidence of antibodies to golimumab was higher in patients without 
baseline treatment with MTX (n = 39 of 134, 29%) compared to 
those with baseline treatment with MTX (n = 60 of 316, 19%); how-
ever, there was no difference in the incidence of neutralizing antibod-
ies (35.9% and 36.7% of those with antibodies, respectively).

At week 52, an ACR20, ACR50, or ACR70 response was 
achieved by 86.3%, 64.5%, and 41.7%, respectively, of all 
golimumab- treated patients who tested negative for antibodies to 
golimumab (n = 351) and by 81.1%, 51.1%, and 28.9%, respec-
tively, of golimumab- treated patients who tested positive for anti-
bodies to golimumab (n = 99). The ACR20 response rates were 
consistent across peak titer groups, while ACR50 and ACR70 
responses tended to be similar in patients who tested negative 

for antibodies to golimumab and in patients who were positive for 
antibodies in the lower peak titer groups (e.g., <1:10). Patients with 
higher titers tended to have lower ACR50 and ACR70 response 
rates. However, the relatively small number of patients in each titer 
group limits the interpretation of these results.

Among the 351 patients who tested negative for antibodies 
to golimumab, 1 (0.3%) had an infusion reaction (throat irritation) 
through week 52. Of the 99 patients who tested positive for anti-
bodies to golimumab, 3 (3.0%) had an infusion reaction through 
week 52; these were headache, fatigue, and infusion- related 
reaction (1 patient each). The event of infusion- related reaction 
resulted in the discontinuation of the study agent (3).

DISCUSSION

In the GO- VIBRANT study, patients in the golimumab group 
had greater improvements in joint and skin disease and HRQoL on 
average through week 24 when compared with placebo (3). ACR 
response rates for placebo patients who crossed over to golimumab 
at week 24 were similar to those in the golimumab group after week 
36. In the golimumab group, clinical efficacy and improvements in 
HRQoL were maintained at week 52. Overall, the proportions of 
patients achieving ACR, BASDAI, and PASI responses were similar 
between the treatment groups at week 52, when all patients had 
been receiving golimumab for several months. ACR response rates 
were similar between patients who were receiving concomitant 
MTX and those who received golimumab monotherapy.

An exploratory analysis was performed to evaluate various clin-
ical efficacy and HRQoL outcomes in patients who were ACR20 
nonresponders at week 52. Although these patients did not meet the 
ACR20 response criteria, they often demonstrated improvements in 
skin disease and enthesitis and dactylitis. These factors may have 
contributed to these patients remaining in the trial and continuing 
golimumab therapy despite not achieving an ACR20 response.

Through week 24, the mean change in total PsA- modified SHS 
score was significantly greater for patients in the placebo group (2.0) 
compared with those in the golimumab group (–0.4). Patients in the 
golimumab group continued to demonstrate minimal radiographic 
progression at week 52, with a mean change from baseline of –0.5. 
Patients in the placebo group who crossed over to golimumab at 
week 24 appeared to have less radiographic progression after initiat-
ing golimumab therapy at week 24 than they did during the placebo 
period, with a mean change from baseline to week 52 of 0.8.

Patients receiving concomitant MTX had a lower incidence of 
antibodies to golimumab than patients receiving golimumab mono-
therapy, which is consistent with previous studies of other anti–
tumor necrosis factor (anti- TNF) agents in patients with PsA (16). 
ACR20, ACR50, and ACR70 response rates tended to be higher for 
patients who tested negative to antibodies to golimumab compared 
with those who tested positive. Among patients who were positive 
for antibodies to golimumab, ACR20 response rates were generally 
consistent across titers. ACR50 and ACR70 response rates tended 
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to be lower with increasing titers; however, the small number of 
patients in each titer group limited the interpretation of these results, 
and the presence of antibodies to golimumab did not preclude clin-
ical response.

The safety profile of IV golimumab 2 mg/kg in the  GO-  VIBRANT 
study was consistent with that observed with other anti- TNF 
 therapies, including previous trials of patients who received either 
subcutaneous golimumab or IV golimumab. Through week 60, 
infections were the most common type of AE, occurring in 22.8% 
of all patients who received at least 1 golimumab administra-
tion. Few infusion reactions occurred, and none were serious or 
severe. There were no opportunistic infections, anaphylactic reac-
tions, or serum sickness reactions. Among golimumab- treated 
patients, 2 malignancies (gastric cancer and colon cancer) and  
1 death occurred (acute hepatitis). Among patients with a baseline 
ALT less than or equal to the ULN, 20.6% in the placebo group 
and 31.6% in the golimumab group had a postbaseline ALT level 
greater than the ULN through week 24. Through week 60, among 
401 golimumab- treated patients with a baseline ALT level less than 
or equal to ULN, 39.1% had a postbaseline ALT level above the 
ULN; most cases were mild and transient. Three patients discontin-
ued study treatment due to an AE of elevated ALT level. It should be 
noted that a majority of patients (70%) were receiving concomitant 
MTX (3). Elevated transaminases are a common occurrence with 
MTX treatment (17), which makes it difficult to distinguish the effects 
of golimu mab on ALT levels in this population.

Four golimumab- treated patients experienced an infusion 
reaction. Three of these patients tested positive for antibodies to 
golimumab, with 1 discontinuing study treatment as a result of an 
infusion- related reaction. The vast majority of the 99 patients who 
tested positive for antibodies to golimumab did not experience an 
infusion reaction.

The GO- VIBRANT study was not powered to detect rare safety 
events, and follow- up was limited to ~1 year. However, the totality of 
the results through 1 year of the GO- VIBRANT study shows a dura-
ble response to IV golimumab 2 mg/kg across  several clinical efficacy, 
HRQoL, and radiographic end points with no new safety signals.
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Treatment- to- Target With Apremilast in Psoriatic Arthritis: 
The Probability of Achieving Targets and Comprehensive 
Control of Disease Manifestations
Philip J. Mease,1  Dafna D. Gladman,2 Alexis Ogdie,3  Laura C. Coates,4  Frank Behrens,5 
Arthur Kavanaugh,6 Iain McInnes,7 Rubén Queiro,8  Benoit Guerette,9 Michele Brunori,9 Lichen Teng,9 and 
Josef S. Smolen10

Objective. The present study was undertaken to evaluate the probability of achieving the Clinical Disease Activity 
Index for Psoriatic Arthritis (cDAPSA) treatment targets of remission or low disease activity (LDA) with apremilast 
based on disease activity categories and corresponding responses in arthritis and other domains of psoriatic arthritis 
(PsA) not included in the cDAPSA.

Methods. Pooled analyses from the Psoriatic Arthritis Long- term Assessment of Clinical Efficacy studies 1, 2, 
and 3 were performed. Probability analyses assessing the likelihood of achieving cDAPSA treatment targets by week 
52 were performed using multiple imputation for discontinuations and missing values. Longitudinal analyses were 
performed in patients grouped by cDAPSA category at week 52.

Results. Among 494 patients in the probability analyses, 46.9% with moderate disease activity and 24.9% with 
high disease activity at baseline achieved treatment targets (remission or LDA) by week 52. For patients with moderate 
disease activity at baseline, small improvements (cDAPSA reductions ≥30%) by week 16 were associated with 
achieving targets. Patients achieving remission or LDA by week 16 had high probabilities of remaining at treatment 
targets at week 52. Of 375 patients with cDAPSA components available at week 52, achieving targets with apremilast 
was associated with continuous disease activity improvements and no or mild arthritis and other PsA manifestations.

Conclusion. The probability of achieving treatment targets (remission or LDA) at week 52 was greater for patients 
with moderate versus high disease activity at baseline. At a mean level, partial improvements by week 16 were 
associated with achieving treatment targets. Patients receiving apremilast who achieved cDAPSA targets by week 52 
also had no or mild arthritis or other PsA manifestations.

INTRODUCTION

Apremilast, an oral phosphodiesterase 4 inhibitor, has demon-
strated clinical improvements in patients with active psoriatic 
arthritis (PsA), including signs, symptoms, and quality of life, and 
was generally well tolerated in the phase 3, randomized  Psoriatic 

 Arthritis Long- term Assessment of Clinical Efficacy  (PALACE) 1, 
2, and 3 studies (1–3). Because apremilast is 1 of many  therapies 
 available for the treatment of PsA, a need exists to identify sub-
groups of patients who are most likely to achieve optimal out-
comes with apremilast treatment to help guide clinical practice. To 
address this, it is important to determine which patients are more 
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likely to achieve treatment targets of remission or low disease 
activity (LDA) with apremilast.

Treatment- to- target recommendations stipulate that the 
treatment target should be clinical remission or inactive disease 
of musculoskeletal (arthritis, dactylitis, enthesitis, axial disease) 
and nonmusculoskeletal domains of PsA (4). An alternative 
treatment target may be LDA or minimal disease activity. It is 
recommended that patients be offered regular evaluations and 
treatment adjustments if they are not achieving treatment tar-
gets associated with desirable long- term outcomes (4,5). In 
addition, therapeutic decisions should be individualized and 
should account for complications from untreated active disease 
and from therapy (5).

A fundamental question that remains is how to identify 
the most appropriate instruments to monitor disease activity in 
patients with PsA who may have multiple manifestations in clinical 
practice. In this regard, treatment- to- target and American Col-
lege of Rheumatology recommendations for PsA support the use 
of the Disease Activity Index for Psoriatic Arthritis (DAPSA) as a 
valid instrument to monitor the achievement of treatment targets 
among other treatment targets (4,6–8). A potential, inherent limi-
tation associated with the DAPSA relates to its focus on articular 
features. The DAPSA uses a composite score based on swollen 
joint count (SJC), tender joint count (TJC), patient assessment of 

pain (PAP), patient global assessment of disease activity (PtGA), 
and C- reactive protein (CRP) levels. A related measure, the Clinical 
DAPSA (cDAPSA), which excludes the CRP measurement, has 
been used in clinical practice (7,9). Because the cDAPSA mainly 
focuses on articular manifestations, it remains to be determined 
whether patients who achieve these disease targets with apremi-
last could achieve comprehensive disease control across a wider 
range of disease manifestations that are not included in this mea-
sure, such as skin involvement, enthesitis, or dactylitis.

In this study, we aimed to identify patients who are more likely 
to achieve the cDAPSA treatment targets of remission or LDA with 
apremilast using a pooled analysis of the PALACE 1, 2, and 3 
studies. We also assessed the performance of the cDAPSA as 
an instrument to monitor the achievement of treatment goals by 
evaluating the extent of musculoskeletal and nonmusculoskeletal  
disease control among patients achieving cDAPSA treatment  
targets with apremilast.

PATIENTS AND METHODS

Study population. Detailed inclusion and exclusion criteria  
for the PALACE studies have been previously published (1–3).  
Briefly, the studies enrolled adult patients (≥18 years of age  
at the time of consent) with active PsA of ≥6 months duration 
who met the Classification of Psoriatic Arthritis Study Group 
criteria and had ≥3 swollen and ≥3 tender joints despite treat-
ment with prior conventional disease- modifying antirheumatic 
drugs (DMARDs) and/or biologics (prior therapeutic failure with 
tumor necrosis factor blockers was limited to ≤10% of enrolled 
patients). In PALACE 3, patients were also required to have 
active skin disease with ≥1 plaque psoriasis skin lesion that was 
≥2 cm in size. Patients were excluded from the studies if they 
had experienced therapeutic failure of >3 conventional DMARDs 
or biologic agents or >1 tumor necrosis factor blocker ther-
apy. The PALACE 1, 2, and 3 studies were approved by the 
institutional review boards at each investigational site and con-
ducted in accordance with good clinical practice, as described 
in International Conference on  Harmonisation guideline E6, and 
in accordance with the general ethical principles outlined in the 
Declaration of Helsinki. All patients provided written informed 
consent.

SIGNIFICANCE & INNOVATIONS
• This study identified patients with moderate dis-

ease activity as having a higher probability of 
achieving and maintaining the Clinical Disease  
Activity Index for Psoriatic Arthritis (cDAPSA) treat-
ment targets with apremilast compared with those 
with high disease activity.

• Among patients with moderate disease activity at 
baseline, early and partial responses to apremilast 
were associated with a high probability of achieving 
treatment targets.

• At a mean level, achievement of cDAPSA treatment 
targets with apremilast was associated with control 
of musculoskeletal (arthritis, dactylitis, enthesitis, 
axial disease) and nonmusculoskeletal domains 
and physical function.
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Study design. PALACE 1, 2, and 3 (NCT01172938, 
NCT01212757, and NCT01212770) were phase 3, multicenter, 
randomized, double- blind, placebo- controlled clinical trials with 
similar study designs, which have been previously described in 
detail (1–3). Briefly, patients were randomized (1:1:1) to receive 
apremilast 30 mg twice a day, apremilast 20 mg twice a day, 
or placebo. Randomization was stratified according to current 
DMARD use (yes/no) in all 3 studies and by psoriasis- involved 
body surface area (<3%/≥3%) in PALACE 3. Patients whose SJC 
and TJC had not improved by at least 20% at week 16 were 
considered nonresponders and either continued on the original 
apremilast dose or were re- randomized from placebo to receive 
apremilast 30 mg twice a day or apremilast 20 mg twice a day. 
At week 24, all remaining placebo patients were re- randomized 
to receive apremilast 30 mg twice a day or 20 mg twice a day, 
and double- blind treatment continued to week 52. Upon comple-
tion of the 52- week double- blind treatment phase, patients were 
eligible to participate in a long- term treatment extension phase 
(for up to 5 years of total follow- up). Herein, we report the results 
from analyses of pooled data from PALACE studies 1, 2, and 3 
that included patients who were randomized to receive apremilast 
30 mg twice a day at baseline and who had available cDAPSA 
components to calculate responses.

End points. The probability of achieving cDAPSA categories 
at week 52 was evaluated on the basis of baseline and week 16 
cDAPSA categories. The cDAPSA was calculated as a composite 
score including SJC, TJC, PAP, and PtGA, with possible scores 
ranging from 0 to 154 (4). The cDAPSA disease activity categories 
were defined as follows: remission ≤4; LDA >4 to ≤13; moderate 
disease activity >13 to ≤27; and high disease activity (HDA) >27 
(9). To determine the extent of changes from baseline to week 
16 in cDAPSA values associated with achieving the cDAPSA 
 categories at week 52, mean changes in the cDAPSA values over 
time were assessed, and individual probabilities of treatment suc-
cess were calculated.

To assess the value of the cDAPSA as an indicator of com-
prehensive clinical responses with apremilast, patients were 
grouped according to the cDAPSA categories achieved at week 
52. Musculoskeletal and nonmusculoskeletal domains of PsA
were longitudinally assessed at baseline and at weeks 16, 24, 
40, and 52 according to cDAPSA categories achieved at week 
52. These domains included the cDAPSA and its core compo-
nents (SJC [0–66], TJC [0–68]), the PAP visual analog scale (VAS) 
(0–100 mm) and PtGA VAS (0–100 mm), other musculoskeletal 
domains (enthesitis assessment, Maastricht Ankylosing Spondy-
litis Enthesitis Score [MASES; range 0–13], and dactylitis count 
[0–20]) and nonmusculoskeletal domains (Psoriasis Area and 
Severity Index score [range 0–72]), as well as the physician global 
assessment of disease activity (PhGA) VAS (0–100 mm) and the 
Health Assessment Questionnaire disability index (range 0–3) 
assessments.

Statistical analysis. For the probability analyses, the 
cDAPSA shift categories and longitudinal data were analyzed in 
patients who had cDAPSA components available at baseline, fol-
lowing multiple imputations to account for those who discontin-
ued or had missing values. Multiple imputations were repeated 30 
times, each time with continuous cDAPSA missing data imputed 
and categorized, and shifts of cDAPSA categories from baseline 
to week 52 were averaged more than 30 times of multiple imputa-
tion. The multiple imputation and categorization procedures were 
repeated for shifts of cDAPSA categories from week 16 to week 
52, separately for patients with moderate disease activity and with 
HDA at baseline. As a subset analysis to see the probability of 
achieving treatment target at week 52 for patients who showed 
partial response at an early time point, the procedure was repeated 
for patients who had ≥30% improvement in cDAPSA at week 16.

Longitudinal analysis assessing the control of musculo-
skeletal and nonmusculoskeletal domains associated with the 
achievement of cDAPSA response categories were performed 
for patients who had cDAPSA components available at week 52. 
Results are presented for patients who achieved cDAPSA cate-
gorical responses (remission, LDA, moderate disease activity, and 
HDA) at week 52 using data as observed.

RESULTS

Baseline characteristics of study population. A total 
of 1,493 patients were ran domized and received ≥1 dose of 
study medication in the PALACE 1, 2, and 3 studies (placebo 
[n = 496], apremilast 30 mg twice a day [n = 497], apremilast 
20 mg twice a day [n = 500]). Of these, 494 patients randomized 
to receive apremilast 30 mg twice a day at baseline who had 
cDAPSA scores available at baseline were included in the proba-
bility analysis assessing the likelihood of achieving cDAPSA remis-
sion or LDA. At baseline, 6 patients (1.2%) had LDA, 121 patients 
(24.5%) had moderate disease activity, and 367 patients (74.3%) 
had HDA.

A total of 375 patients who received apremilast 30 mg twice 
a day at baseline and had cDAPSA components available at week 
52 were included in the longitudinal analyses of cDAPSA and mus-
culoskeletal and nonmusculoskeletal domains of PsA. Baseline 
characteristics of the patients categorized by cDAPSA outcomes 
at week 52 are presented in Table 1. Mean age, body mass index, 
and concomitant treatment with conventional DMARDs were gen-
erally similar for patients in all cDAPSA categories at week 52, 
and the percentage of female patients was lowest among those 
in remission at week 52 and highest among patients with HDA 
at week 52. Overall, patients across all cDAPSA categories at 
week 52 had moderate- to- severe disease at baseline, as defined 
by mean cDAPSA values. Patients who achieved cDAPSA treat-
ment targets (remission or LDA) at week 52 generally exhibited 
numerically lower levels of disease activity at baseline compared 
with those who did not achieve targets.
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Among patients with moderate disease activity at baseline, 
the mean ± SD baseline SJC and TJC were comparable between 
patients who achieved treatment targets (remission or LDA) at 
week 52 versus those who did not (SJC 5.7 ± 2.2 versus 5.4 ± 2.1 
and TJC 8.9 ± 3.1 versus 8.0 ± 3.0), whereas the mean ± SD 
PAP, PtGA, and PhGA scores at baseline were lower for patients 
who achieved treatment targets at week 52 versus those who 
did not (PAP 41.0 ± 20.7 versus 50.6 ± 17.2; PtGA 39.9 ± 22.0 
versus 50.5 ± 17.2; and PhGA 43.8 ± 16.6 versus 49.1 ± 14.6). 
Among patients with HDA at baseline, mean ± SD disease activity 
domains at baseline were lower for patients who achieved treat-
ment targets at week 52 compared with those who did not (SJC 
11.7 ± 6.2 versus 14.0 ± 9.3; TJC 19.4 ± 8.1 versus 29.5 ± 15.7; 
PAP 59.0 ± 17.8 versus 63.8 ± 18.7; PtGA 58.6 ± 18.5 versus 
63.0 ± 19.5; and PhGA 55.4 ± 17.3 versus 62.8 ± 17.7).

Baseline probability analysis assessing the 
 likelihood of achieving cDAPSA remission or LDA. Prob-
abilities of achieving cDAPSA categories at week 52 based 
on cDAPSA categories at baseline are presented in Figure 1. 
Approximately one- half (46.9%) of patients with moderate dis-
ease activity at baseline and approximately one- quarter (24.9%) 
of patients with HDA at baseline achieved treatment targets by 
week 52.

Week 16 probability analysis assessing the 
 likelihood of achieving cDAPSA remission or LDA. 
Among the 494 patients who started with apremilast treatment 
at baseline, the week 16 remission, LDA, moderate disease 
activity, and HDA response rates, respectively, were as follows: 
40.0%, 40.0%, 20%, and 0% for patients with LDA at baseline; 
7.0%, 29.8%, 44.7%, and 18.4% for patients with moderate 
disease activity at baseline; and 2.1%, 11.5%, 38.1%, and 
48.3% for patients with HDA at baseline (data as observed).

Patients who had moderate disease activity at baseline 
and achieved remission or LDA by week 16 had high probabili-
ties (58.9–88.5%) of remaining at treatment targets at week 52 
 (Figure  2A). Among patients with moderate disease activity at 
baseline, a mean improvement in cDAPSA score of ≥30% by week 
16 was associated with achievement of treatment targets at week 
52 (see Supplementary Figure 1A, available on the Arthritis Care 
& Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24134/ abstract). At a patient level, achieving early and partial 
responses (defined as cDAPSA improvement of ≥30% by week 
16) was associated with a 63% probability of achieving treatment 
targets by week 52.

Among patients with HDA at baseline, achievement of 
remission or LDA by week 16 was associated with high proba-
bilities (64.3–77.4%) of achieving treatment targets at week 52 

Table 1. Baseline patient demographics and clinical characteristics (n = 375) according to Clinical Disease Activity Index 
for Psoriatic Arthritis (cDAPSA) category at week 52*

REM 
(n = 25)

LDA 
(n = 106)

Mod 
(n = 152)

HDA 
(n = 92)

Age, mean years 49.3 49.9 51.1 52.2
Female sex, no. (%) 9 (36.0) 59 (55.7) 80 (52.6) 59 (64.1)
Body mass index, kg/m2 28.5 28.9 30.2 30.9
Duration of PsA, years 8.6 6.4 7.9 7.2
Duration of psoriasis, years 13.7 16.8 17.2 18.5
cDAPSA score (0–154) 30.7 33.9 41.0 57.2
SJC (0–66) 9.1 8.8 10.1 13.7
TJC (0–68) 12.2 14.8 18.9 30.7
PAP (VAS 0–100 mm) 50.6 51.2 59.9 63.4
PtGA (VAS 0–100 mm) 44.5 51.5 60.1 61.3
PhGA (VAS 0- 100 mm) 48.8 50.7 57.0 65.9
PASI score (0–72)† 9.5 8.2 9.2 7.8
MASES (0–13)‡ 1.9 3.3 4.4 5.2
Dactylitis count (0–20)§ 2.3 2.8 2.7 4.7
HAQ DI score (0–3) 0.9 1.0 1.3 1.5
Baseline concomitant conventional DMARD use, no. (%) 22 (88.0) 84 (79.2) 124 (81.6) 70 (76.1)
Baseline corticosteroid use, no. (%) 5 (20.0) 9 (8.5) 14 (9.2) 12 (13.0)
Baseline NSAID use, no. (%) 16 (64.0) 70 (66.0) 116 (76.3) 68 (73.9)

* Values are the mean unless indicated otherwise. Includes patients randomized at baseline who had cDAPSA components 
available at week 52. Remission (REM) score ≤4; low disease activity (LDA) score >4 to ≤13; moderate disease activity (Mod) 
score >13 to ≤27; high disease activity (HDA) score >27. The number of patients by cDAPSA category may vary for each 
parameter due to missing data at baseline. PsA = psoriatic arthritis; SJC = swollen joint count; TJC = tender joint count; PAP = 
patient assessment of pain; VAS = visual analog scale; PtGA = patient global assessment of disease activity; PhGA = physician 
global assessment of disease activity; PASI = Psoriasis Area and Severity Index; MASES = Maastricht Ankylosing Spondylitis 
Enthesitis Score; HAQ DI = Health Assessment Questionnaire disability index; DMARD = disease- modifying antirheumatic 
drug; NSAID = nonsteroidal antiinflammatory drug. 
† Patients with baseline psoriasis body surface area involvement ≥3%. 
‡ Patients with preexisting enthesitis. 
§ Patients with preexisting dactylitis. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24134/abstract
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(Figure 2B). Patients whose cDAPSA scores at baseline placed 
them within the lower range of HDA were more likely to be associ-
ated with achieving treatment targets by week 52 than were HDA 
patients with higher baseline cDAPSA scores (see Supplementary 
Figure 1B, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24134/ abstract).

Longitudinal analysis assessing the control of   
musculoskeletal and nonmusculoskeletal manifesta
tions associated with the achievement of cDAPSA 
 remission or LDA. Longitudinal assessment of disease activity 
through week 52, as measured by cDAPSA and categorized by 

achievement of cDAPSA categories at week 52, is presented in 
Figure 3 and Supplementary Table 1, available on the Arthritis Care 
& Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24134/ abstract. Patients who achieved treatment targets at 
week 52 had lower mean and median cDAPSA scores at baseline 
compared with patients who did not. Patients treated with apremi-
last 30 mg twice a day who achieved remission or LDA at week 
52 experienced continuous improvements in disease activity over 
52 weeks.

Achievement of cDAPSA treatment targets by week 52 follow-
ing treatment with apremilast 30 mg twice a day was associated 
with early and sustained improvements across all manifestations 

Figure 1. Probabilities (by multiple imputation) of achieving Clinical Disease Activity Index for Psoriatic Arthritis (cDAPSA) disease status at 
week 52 by baseline cDAPSA category. Percentages represent the proportion of patients in each cDAPSA category at baseline (high disease 
activity [HDA], moderate disease activity [Mod], low disease activity [LDA], and remission [REM] at week 52 = 100%). REM score ≤4; LDA score 
>4 to ≤13; Mod score >13 to ≤27; and HDA score >27. * = patients randomized to receive apremilast 30 mg twice a day with cDAPSA scores 
available at baseline (n = 494).

Figure 2. Probabilities (by multiple imputation) of achieving Clinical Disease Activity Index for Psoriatic Arthritis (cDAPSA) response category at 
week 52 by week 16 cDAPSA response category in patients with moderate disease activity (Mod) at baseline (A) and patients with high disease 
activity (HDA) at baseline (B). Percentages represent the proportion of patients in each cDAPSA category at week 16 (HDA, Mod, low disease 
activity [LDA], and remission [REM] at week 52 = 100%). REM score ≤4; LDA score >4 to ≤13; Mod score >13 to ≤27; and HDA score >27.  
* = patients randomized to receive apremilast 30 mg twice a day at baseline with Mod (n = 121). † = patients randomized to receive apremilast 
30 mg twice a day at baseline with HDA (n = 367).

http://onlinelibrary.wiley.com/doi/10.1002/acr.24134/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24134/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24134/abstract
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of PsA, including SJC and TJC (Figure  4 and Supplementary 
Table 1, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24134/ abstract), enthesitis, dactylitis, and skin involvement 
(Figure 5 and Supplementary Table 1). In addition, it was asso-
ciated with normal or near normal physical function (Figure 5 and 
Supplementary Table 1). Patients reported mean and median lev-
els of pain, PtGA, and PhGA outcomes consistent with cDAPSA 
categories at week 52 (Supplementary Table 1). Taken together, 
the results suggest that, at a population level, achieving cDAPSA 
targets with apremilast was associated with control of musculo-
skeletal and nonmusculoskeletal domains of PsA not included in 
the cDAPSA formula.

DISCUSSION

The current analysis suggests that patients with mod-
erate disease activity at baseline were more likely to achieve 
cDAPSA treatment targets of remission or LDA with apremilast 
30 mg twice a day than patients with HDA scores at baseline. 
 Approximately twice as many patients (46.9% versus 24.9%) 
who started with moderate disease activity at baseline achieved 
treatment targets compared with patients who started with HDA. 
Baseline characteristics provided limited discriminative ability to 
differentiate patients who were more likely to achieve treatment 
targets from those who were not. Importantly, an early and partial 
response by week 16 (cDAPSA improvement of ≥30%) was asso-

Figure 3. Disease activity through week 52 (n = 375) by Clinical Disease Activity Index for Psoriatic Arthritis (cDAPSA) (score range 0–154) 
category in patients receiving apremilast 30 mg twice a day from baseline, including patients randomized at baseline who had cDAPSA 
components available at week 52. Data are as observed. Remission (REM) score ≤4; low disease activity (LDA) score >4 to ≤13; moderate 
disease activity (Mod) score >13 to ≤27; and high disease activity (HDA) score >27. Error bars indicate the SEM.

Figure 4. Musculoskeletal disease activity by Clinical Disease Activity Index for Psoriatic Arthritis (cDAPSA) category at week 52 for swollen 
joint count (SJC) (A) and tender joint count (TJC) (B), including patients randomized at baseline who had cDAPSA components available at week 
52. Data are as observed. Remission (REM) score ≤4; low disease activity (LDA) score >4 to ≤13; moderate disease activity (Mod) score >13
to ≤27; and high disease activity (HDA) score >27. Error bars indicate the SEM.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24134/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24134/abstract
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ciated with a greater likelihood of achieving treatment targets by 
week 52. As a result, the absence of treatment response by week 
16 would reinforce the need for a treatment adjustment. Taken 
together, these findings provide a framework of reference for the 
selection and monitoring of patients with the highest likelihood of 
achieving optimal treatment responses with apremilast in clinical 
practice.

Another important objective of this analysis was to assess the 
relevance of the cDAPSA as an indicator of comprehensive treat-
ment responses to apremilast. Because the cDAPSA includes 
SJC, TJC, PAP, and PtGA, whether achievement of cDAPSA treat-
ment targets also represents achievement of control in other man-
ifestations of PsA has not previously been fully examined. In this 
study, patients receiving apremilast who achieved cDAPSA treat-
ment targets by week 52 also experienced improvements in mus-
culoskeletal and nonmusculoskeletal domains that are not directly 
captured by the cDAPSA. In fact, patients who achieved remis-
sion or LDA with apremilast had absent or mild musculoskeletal 
and nonmusculoskeletal manifestations of PsA by week 52. This 
finding has important implications in validating the cDAPSA as a 
tool to monitor patients treated with apremilast in routine prac-
tice. Indeed, this suggests that for patients receiving apremilast, 
domains not measured by the cDAPSA follow a more compara-
ble course of improvements than that included in the cDAPSA 
formula.

This study is limited by the use of MASES to assess enthesi-
tis because, unlike other enthesitis assessments (i.e., Leeds 
Enthesitis Index, Spondyloarthritis Research  Consortium of Can-
ada Index), MASES only measures 1 peripheral enthesitis site, 
the Achilles tendon (10). In our study, it is possible that peripheral 
enthesitis may have been indirectly accounted for through the 
cDAPSA, which, by including the PAP and PtGA, constitutes an 
overall assessment of the disease presentation.

In conclusion, our findings indicate that patients with moder-
ate disease activity at baseline have a higher likelihood of achieving 
optimal outcomes with apremilast compared with those with HDA 
at baseline. Early and partial responses by week 16 were associ-
ated with achieving long- term treatment targets. Finally, the results 
support the use of the cDAPSA to monitor patients treated with 
apremilast given that domains not captured by the cDAPSA traveled 
in the same direction as the cDAPSA. At a population level, patients 
who achieved cDAPSA remission or LDA also had no or mild mus-
culoskeletal and nonmusculoskeletal  disease  manifestations.
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response in patients with psoriasis- involved body surface area ≥3% at baseline (C), and physical function as measured using the Health 
Assessment Questionnaire disability index (HAQ DI) (D), including patients randomized at baseline who had cDAPSA components available at 
week 52. Data are as observed. Remission (REM) score ≤4; low disease activity (LDA) score >4 to ≤13; moderate disease activity (Mod) score 
>13 to ≤27; and high disease activity (HDA) score >27. Error bars indicate the SEM.



APREMILAST AND TREATMENT- TO- TARGET IN PsA |      821

Study conception and design. Mease, Gladman, Ogdie, Coates, 
Behrens, Kavanaugh, McInnes, Queiro, Guerette, Brunori, Teng, Smolen.
Acquisition of data. Mease, Gladman, Behrens, Kavanaugh, Queiro, 
Guerette, Brunori, Teng.
Analysis and interpretation of data. Mease, Gladman, Ogdie, Coates, 
Behrens, Kavanaugh, McInnes, Queiro, Guerette, Brunori, Teng, Smolen.

ROLE OF THE STUDY SPONSOR

Celgene sponsored this study. The design and conduct of the study 
were a collaborative effort between Celgene and the authors. Celgene 
participated in the interpretation of the data and in the review and approval 
of the manuscript. Editorial support was provided by Kristin Carlin, RPh, 
MBA, of Peloton Advantage, an OPEN Health company sponsored by 
Celgene. The authors, however, directed and are fully responsible for all 
content and editorial decisions for this article. Publication of this article 
was not contingent upon approval by Celgene.

REFERENCES
 1. Kavanaugh A, Mease PJ, Gomez-Reino JJ, Adebajo AO, 

 Wollenhaupt J, Gladman DD, et al. Treatment of psoriatic arthritis in a 
phase 3 randomized, placebo- controlled trial with apremilast, an oral 
phosphodiesterase 4 inhibitor. Ann Rheum Dis 2014;73:1020–6.

 2. Cutolo M, Myerson GE, Fleischmann R, Liote F, Diaz-Gonzalez F, 
Van den Bosch F, et al. A phase III, randomized, controlled trial of 
apremilast in patients with psoriatic arthritis: results of the PALACE 2 
trial. J Rheumatol 2016;43:1724–34.

 3. Edwards CJ, Blanco FJ, Crowley J, Birbara CA, Jaworski J, 
 Aelion J, et al. Apremilast, an oral phosphodiesterase 4 inhibitor, 
in patients with psoriatic arthritis and current skin involvement: a 
phase III,  randomised, controlled trial (PALACE 3). Ann Rheum Dis 
2016;75:1065–73.

 4. Smolen JS, Schols M, Braun J, Dougados M, FitzGerald O, 
 Gladman DD, et al. Treating axial spondyloarthritis and peripheral 
spondyloarthritis, especially psoriatic arthritis, to target: 2017 update 
of recommendations by an international task force. Ann Rheum Dis 
2018;77:3–17.

 5. Coates LC, Kavanaugh A, Mease PJ, Soriano ER, Laura Acosta FM, 
Armstrong AW, et al. Group for Research and Assessment of Pso-
riasis and Psoriatic Arthritis 2015 treatment recommendations for 
psoriatic arthritis. Arthritis Rheumatol 2016;68:1060–71.

 6. Singh JA, Guyatt G, Ogdie A, Gladman DD, Deal C, Deodhar A, 
et al. 2018 American College of Rheumatology/National Psoriasis 
Foundation Guideline for the Treatment of Psoriatic Arthritis. Arthritis 
Rheumatol 2019;71:5–32.

 7. Machado PM. Measurements, composite scores and the art of 
‘cutting- off’. Ann Rheum Dis 2016;75:787–90.

 8. Aletaha D, Alasti F, Smolen JS. Disease activity states of the DAPSA, 
a psoriatic arthritis specific instrument, are valid against functional 
status and structural progression. Ann Rheum Dis 2017;76:418–21.

 9. Schoels MM, Aletaha D, Alasti F, Smolen JS. Disease activity in pso-
riatic arthritis (PsA): defining remission and treatment success using 
the DAPSA score. Ann Rheum Dis 2016;75:811–8.

 10. Mease PJ. Measures of psoriatic arthritis: Tender and Swollen Joint 
Assessment, Psoriasis Area and Severity Index (PASI), Nail Psoriasis 
Severity Index (NAPSI), Modified Nail Psoriasis Severity Index (mNAP-
SI), Mander/Newcastle Enthesitis Index (MEI), Leeds Enthesitis Index 
(LEI), Spondyloarthritis Research Consortium of Canada (SPARCC), 
Maastricht Ankylosing Spondylitis Enthesis Score (MASES), Leeds 
Dactylitis Index (LDI), Patient Global for Psoriatic Arthritis, Dermatolo-
gy Life Quality Index (DLQI), Psoriatic Arthritis Quality of Life (PsAQOL), 
Functional Assessment of Chronic Illness Therapy–Fatigue (FACIT- F), 
Psoriatic Arthritis Response Criteria (PsARC), Psoriatic Arthritis Joint 
Activity Index (PsAJAI), Disease Activity in Psoriatic Arthritis (DAPSA), 
and Composite Psoriatic Disease Activity Index (CPDAI). Arthritis Care 
Res (Hoboken) 2011;63 Suppl 11:S64–85.



822  

Arthritis Care & Research
Vol. 72, No. 6, June 2020, pp 822–828
DOI 10.1002/acr.23910
© 2020 The Authors. Arthritis Care & Research published by Wiley Periodicals, Inc. on behalf of American College of Rheumatology
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, 
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

B R I E F  R E P O R T

Impact of Comorbidity on Physical Function in Patients With 
Ankylosing Spondylitis and Psoriatic Arthritis Attending 
Rheumatology Clinics: Results From a Cross- Sectional Study
Cristina Fernández-Carballido,1  María A. Martín-Martínez,2 Carmen García-Gómez,3 Santos Castañeda,4 
Carlos González-Juanatey,5 Fernando Sánchez-Alonso,2 Rosario García de Vicuña,6  
Celia Erausquin-Arruabarrena,7 Javier López-Longo,8 María D. Sánchez,9 Alfonso Corrales,10  
Estefanía Quesada-Masachs,11 Eugenio Chamizo,12 Carmen Barbadillo,13 Javier Bachiller-Corral,14  
Tatiana Cobo-Ibañez,15  Ana Turrión,16 Emilio Giner,17 Javier Llorca,18 and Miguel A. González-Gay,19   
on behalf of the Cardiovascular in Rheumatology Project Collaborative Group

Objective. To evaluate the impact of comorbidities on physical function in patients with ankylosing spondylitis 
(AS) and psoriatic arthritis (PsA).

Methods. This was a cross- sectional analysis of the baseline visit from the Cardiovascular in Rheumatology study. 
Multivariate models with physical function as the dependent variable (Bath Ankylosing Spondylitis Functional Index 
and Health Assessment Questionnaire for AS and PsA, respectively) were performed. Independent variables were a 
proxy for the Charlson Comorbidity Index (CCIp; range 0–27), sociodemographic data, disease activity (erythrocyte 
sedimentation rate [ESR] and Bath Ankylosing Spondylitis Disease Activity Index [BASDAI] in AS; Disease Activity 
Score in 28 joints [DAS28] using the ESR in PsA), disease duration, radiographic damage, and treatments. Results 
were reported as beta coefficients, 95% confidence intervals (95% CIs), and P values.

Results. We included 738 patients with AS and 721 with PsA; 21% of patients had >1 comorbidity. Comorbidity 
burden (CCIp) was independently associated with worse adjusted physical function in patients with PsA (β = 0.11). 
Also, female sex (β = 0.14), disease duration (β = 0.01), disease activity (DAS28- ESR; β = 0.19), and the use of 
nonsteroidal antiinflammatory drugs (β = 0.09), glucocorticoids (β = 0.11), and biologics (β = 0.15) were associated 
with worse function in patients with PsA. A higher education level was associated with less disability (β = –0.14). In 
patients with AS, age (β = 0.03), disease activity (BASDAI; β = 0.81), radiographic damage (β = 0.61), and the use of 
biologics (β = 0.51) were independently associated with worse function on multivariate analyses, but CCIp was not.

Conclusion. The presence of comorbidities in patients with PsA is independently associated with worse physical 
function. The detection and control of the comorbidities may yield an integral management of the disease.

INTRODUCTION

Physical function is a crucial consideration in patients 
with spondyloarthritis (SpA) and, along with health- related 
quality of life, is considered a major outcome in patients with 
ankylosing spondylitis (AS) and psoriatic arthritis (PsA). Fur-
thermore, functional improvement is one of the ultimate goals 

of therapy for patients with AS and PsA. Patients with AS have 
increased comorbidity when compared to the general popula-
tion, particularly with regard to some specific disorders, such as 
cardiovascular disease (CVD) and osteoporosis (1). Patients with 
PsA also have increased comorbidities, such as CVD, diabe-
tes mellitus, metabolic syndrome, and depression, and more than 
50% have >1 comorbidity (2).
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Although both conditions have an impact on physical func-
tion, which is directly related to disease activity and structural 
damage (3,4), other factors may also deteriorate physical func-
tion in patients with chronic inflammatory rheumatic diseases. For 
example, comorbidity has been found to be relevant in patients 
with rheumatoid arthritis (RA), where functional status becomes 
worse with increasing levels of comorbidity, independently of 
disease activity (5). However, fewer studies have focused on the 
impact of comorbidity on physical function in patients with AS and 
PsA, even though the physical function impairment and the quality 
of life limitations of such patients are similar to those with RA (6). 
Taking together all these considerations, the main purpose of the 
current study was to analyze the impact of comorbidities on phys-
ical function in Spanish patients with AS and PsA.

PATIENTS AND METHODS

Study design. This was a cross- sectional study draw-
ing on baseline data from the Cardiovascular in Rheumatology 
(CARMA) project, an ongoing multicenter 10- year prospective 
national study of a cohort of patients with chronic inflammatory 
rheumatic diseases. It included patients with RA, AS, and PsA, 
along with age-  and sex- matched subjects without chronic inflam-
matory rheumatic diseases from 67 randomly selected Spanish 
outpatient rheumatology clinics (recruited from July 2010 to 
 January 2012). The patients’ recruitment criteria have previously  
been published (7).

Patients. For this study, 738 patients with AS (modified New 
York criteria) and 721 with PsA (Moll and Wright criteria) were ana-
lyzed. The study was performed following the principles outlined 
in the Helsinki Declaration, and written informed consent was 
obtained from all subjects before their inclusion in the CARMA pro-
ject. The study protocol was approved by the Ethics Committee 
for Clinical Research of Lugo, Galicia, Spain (protocol #2009/077).

Variables and operative definitions. Dependent 
variable. The main outcome was physical function, measured 
through the Spanish validated versions of the Bath Ankylosing 
Spondylitis Functional Index (BASFI) in patients with AS, and the 
Health Assessment Questionnaire (HAQ) in patients with PsA.

Independent variables. The independent variables includ-
ed: 1) demographic data: age, sex, and education level; 2) 
disease activity: assessed in patients with AS by persistently 
raised erythrocyte sedimentation rate (ESR) or C- reactive pro-
tein and by the Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI), Spanish validated version; in patients with 
PsA, the Disease Activity Score in 28 joints (DAS28) using 
the ESR was used; 3) disease duration; 4) radiographic dam-
age, defined in this study as “spinal radiographic changes” 
for AS and “presence of erosions” for patients with PsA, ob-
served in standard radiographs; 5) treatments for the rheu-
matic disease and comorbidities; 6) comorbidities recorded 
as dichotomous variables and also quantitatively by using 
a proxy of the Charlson Comorbidity Index (CCI), which is 
a well- known validated index to measure comorbidity dis-
ease status (8). The CCI is a weighted score of 19 different 
comorbidities, selected according to their potential influ-
ence on mortality. The sum of the weights of each condition 
can range from 0 to 33, and the CCI score is an indicator  
of disease burden. The proxy we used (CCIp) consisted of 
a  minor modification of the original CCI, made by pooling all of 
the tumors (solid, leukemia, and lymphoma) into a single item, 
named Cancer. The remaining comorbidities were collected 
and rated as in the original CCI. Consequently, the sum of the 
 possible scores in our proxy ranged between 0 and 27.

Statistical analysis. Descriptive analyses were performed 
for the demographic and clinical variables. Afterward, bivariate 
analyses were conducted to investigate the associations between  
the independent variables and physical function. Numerical 

SIGNIFICANCE & INNOVATIONS
• A large number of comorbidities has been identi-

fied in a nation-wide cohort of patients with spon-
dyloarthritis (SpA).

• Comorbidity burden was independently associat-
ed with physical function in patients with psoriatic 
 arthritis (PsA).

• Associations between female sex and worse phys-
ical function and between higher education level 
and better function were identified in patients with 
PsA.

• Associations between physical function and some 
well-known related factors, such as age, disease 
 activity, and radiographic damage, were confirmed 
in Spanish patients with SpA.
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 variables were assessed using Student’s t- test or the Mann- 
Whitney U test. Qualitative variables were assessed by chi- square, 
Yates’ correction, or Fisher’s exact tests in 2 × 2 tables. To study 
the association between single comorbidities or CCIp scores and 
physical function, 2 different multivariate linear models were per-
formed, with physical function as the dependent variable (BASFI 
and HAQ, respectively), adjusted for potentially confounding 
 factors.

The selection of the independent variables in the multivari-
ate models was based on those found to be statistically significant 
in the bivariate analyses and also on clinical judgement. Estimates 
for these associations are shown as beta coefficients, 95% con-
fidence intervals (95% CIs), and P values. All analyses were per-
formed using SPSS software, version 22.0. Statistical significance 
was assumed at a P value less than 0.05.

RESULTS

Clinical and demographic features of the patients 
and comorbidities. We analyzed 1,459 patients (738 AS and 
721 PsA) whose demographic and clinical features are summa-
rized in Supplementary Table 1, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23910/ abstract. Briefly, patients with AS had an earlier dis-
ease onset and were younger at the time of study inclusion than 
those with PsA. In addition, the AS cohort had a higher percent-
age of men than that of patients with PsA. A similar percentage 
of patients in both groups were receiving biologic therapies, 
but more patients with AS received nonsteroidal antiinflamma-
tory drugs (NSAIDs), whereas a higher number of patients with 
PsA used conventional synthetic disease- modifying antirheumatic 
drugs (DMARDs), combined therapies (synthetic plus biologic 
DMARDs), and glucocorticoids.

The comorbidities and CCIp percentages of the 2 groups are 
shown in Table 1. Regarding traditional CVD risk factors, patients 
with PsA had a higher body mass index (BMI) and hypercholes-
terolemia prevalence. In contrast, we found more current smokers 
among patients with AS. Apart from a higher prevalence of chronic 
obstructive pulmonary disease (COPD) among patients with AS 
and a nonsignificant increase of mild liver disease in patients 
with PsA, no other differences in the prevalence of the different 
comorbidities between the 2 groups were identified. Regarding 
the comorbidity burden, 21% of patients had >1 comorbidity 
(CCIp >1) in both groups; more specifically, patients with AS had 
a mean ± SD CCIp of 1.32 ± 0.73, whereas those with PsA had 

a CCIp of 1.30 ± 0.66.

Physical function and comorbidity. When we analyzed 
physical function distribution (using BASFI in the AS group and 
HAQ for patients with PsA) across different levels of comorbidity, 
we did not detect differences in patients with AS (median BASFI 
3.3 [interquartile range (IQR) 1.6–5.6] for patients with CCIp >1 

versus 3.0 [IQR 1.2–5.1] for those with CCIp = 1; P = 0.353). 
However, we observed that patients with PsA and more comor-
bidities had worse physical function (HAQ 0.75 [IQR 0.25–1.25] 
for CCIp >1) than patients with just 1 comorbidity (HAQ 0.25 [IQR 
0.0–0.75]; P < 0.001).

Independent variables associated with physical 
function. AS cohort. On bivariate analyses (Table 2), physical 
function was associated with age, female sex, disease dura-
tion, disease activity (BASDAI and ESR), and spinal radiograph-
ic damage. In addition, treatment with NSAIDs and glucocor-
ticoids was associated with physical function. In contrast, a 
higher education level was associated with less disability. We 
also identified an association between physical function and 
some individual comorbidities (obesity, hypertension, hiatal 
hernia, thyroid disease, or an increase in triglycerides) or the 
use of statins, on bivariate analyses. However, we did not iden-
tify an association between physical function and comorbidity 

burden (CCIp).

Table 1. Comorbidities of the patients with ankylosing spondylitis 
and psoriatic arthritis*

Variable
AS 

(n = 738)
PsA 

(n = 721) P
BMI, mean ± SD kg/m2 27.4 ± 4.4 28.2 ± 4.7 <0.001†
Hypertension 190 (25.7) 213 (29.5) 0.105
Hypercholesterolemia 199 (27) 257 (35.6) <0.001†
Obesity (BMI ≥30) 186 (25.2) 209 (29.1) 0.097
Current smokers 254 (34.4) 157 (21.8) <0.001†
Past smokers 240 (32.5) 227 (31.5) –
Never smokers 244 (33.1) 337 (46.7) –
Myocardial infarction 21 (2.9) 11 (1.5) 0.085
Congestive heart failure 4 (0.5) 7 (1.0) 0.344
Peripheral vascular 

disease
8 (1.1) 7 (1.0) 0.830

Dementia 1 (0.1) 0 (0.0) 0.323
Chronic obstructive 

pulmonary disease
20 (2.71) 9 (1.3) 0.045†

Ulcer disease 32 (4.3) 26 (3.6) 0.476
Diabetes mellitus 52 (7.1) 61 (8.5) 0.312
Cerebrovascular disease 3 (0.4) 0 (0.0) 0.087
Mild liver disease 20 (2.7) 33 (4.6) 0.057
Hemiplegia 0 (0.0) 0 (0.0) –
Moderate or severe 

renal disease
18 (2.4) 14 (1.9) 0.517

Diabetes mellitus with 
end-organ damage

3 (0.4) 5 (0.7) 0.458

Cancer‡ 17 (2.3) 16 (2.2) 0.914
Moderate or severe liver 

disease
4 (0.5) 2 (0.3) 0.430

Metastatic cancer 1 (0.1) 0 (0.0) 0.323
CCIp, median (IQR) 1 (1–1) 1 (1–1) 0.912
CCIp = 1 585 (79.3) 567 (78.6) –
CCIp >1 153 (20.7) 154 (21.4) 0.769

* Values are the number (%) unless indicated otherwise. AS = 
ankylosing spondylitis; PsA = psoriatic arthritis; BMI = body mass 
index; CCIp = Charlson Comorbidity Index proxy; IQR = interquartile 
range (25–75). 
† Statistically significant. 
‡ Solid tumors, leukemia, and lymphoma pooled. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23910/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23910/abstract
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In the multivariate model (Table 3), no association between 
physical function and comorbidity burden (CCIp) was found. 
Furthermore, age, disease activity (measured by BASDAI and 
ESR), and spinal radiographic damage were associated with 
higher disability. Also, treatment with biologic DMARDs was 
associated with physical function. At this point, no significant 
associations with sex or education level were identified in 
patients with AS.

PsA cohort. In patients with PsA, an independent associ-
ation between comorbidity burden and physical function was 
observed (Table 2). In this regard, the increase in CCIp was sig-
nificantly associated with higher disability (β = 0.11 [IQR 0.05–
0.17]) on the adjusted multivariate model (Table 3). In addition, 
we identified an association between physical function and age, 
female sex, disease duration, disease activity (DAS28- ESR), and 
use of NSAIDs, biologic DMARDs, and glucocorticoids, on bi-
variate analyses. Apart from age, all of the above- mentioned as-
sociations were confirmed in the multivariate model. Also, some 
comorbidities, such as obesity, hypertension, or the increase in 
triglycerides, were associated with physical function on bivariate 
analysis. Interestingly, a higher education level was associated 
with less disability in these patients.

DISCUSSION

The present multicenter national survey indicates that the 
presence of comorbidities may decrease the reported physi-
cal function of the patients with SpA. Comorbidity burden was 
independently associated with physical function in patients with 
PsA. Moreover, the study confirmed that comorbidity is common 
among patients with SpA. However, some differences between 
AS and PsA were observed. In this regard, some CVD risk fac-
tors, such as high BMI and hypercholesterolemia, were more 
prevalent in patients with PsA. In addition, obesity was associated 
with worse function on bivariate analysis in such patients. Obesity 
negatively influences not only CVD risk but also other disease out-
comes. In this regard, being obese and overweight reduces the 
chances to achieve minimal disease activity in patients with PsA 
receiving traditional or biologic DMARD therapy (9).

Smoking is known to be a harmful factor in patients with AS, 
leading to worse outcomes, including radiographic damage (10). 
In connection with that, in our survey we found that smoking habit 
and COPD were more common in patients with AS. Therefore, 
patients with AS should be encouraged to refrain from smoking 
as soon as a diagnosis of the disease is made.

Table 2. Comorbidity and physical function: variables associated with BASFI in patients with AS and with HAQ in 
patients with PsA, unadjusted estimates*

Variables

AS PsA

β 95% CI P β 95% CI P
Age at inclusion 0.04 (0.03, 0.06) <0.001† 0.01 (0.00, 0.01) <0.001†
Sex (ref. male) 0.74 (0.34, 1.14) <0.001† 0.36 (0.27, 0.44) <0.001†
Disease duration 0.02 (0.01, 0.04) <0.001† 0.01 (0.01, 0.02) <0.001†
Education level (ref. primary)

Basic 1.07 (0.08, 2.05) 0.03† 0.23 (0.04, 0.24) 0.02†
Secondary –0.16 (–0.59, –0.26) 0.45 –0.17 (–0.28, –0.06) <0.01†
University –1.01  (–1.46, –0.56) <0.001† –0.24  (–0.35, –0.13) <0.001†

CCIp 0.17 (–0.08, 0.41) 0.19 0.21 (0.14, 0.27) <0.001†
Obesity 0.77 (0.36, 1.19) <0.001† 0.19 (0.09, 0.29) <0.001†
Statins 0.66 (0.17, 1.15) 0.01† 0.08 (–0.02, 0.19) 0.13
Hypertension 0.74 (0.33, 1.15) <0.001† 0.20 (0.11, 0.30) <0.001†
Triglycerides‡ 0.40 (0.15, 0.65) <0.001† 0.11 (0.05, 0.17) <0.001†
GI bleeding 0.51 (–0.69, 1.71) 0.403 0.49 (–0.20, 1.19) 0.16
Hiatal hernia 1.39 (0.71, 2.07) <0.001† 0.17 (–0.02, 0.36) 0.07
Thyroid disease 1.60 (0.44, 2.76) 0.01† 0.18 (–0.01, 0.37) 0.06
NSAID 0.78 (0.41, 1.14) <0.001† 0.12 (0.03, 0.21) 0.01†
Biologic DMARD 0.21 (–0.14, 0.58) 0.240 0.12 (0.03, 0.21) 0.01†
GC 0.99 (0.33, 1.65) <0.001† 0.25 (0.13, 0.36) <0.001†
DAS28- ESR – NA – 0.24 (0.21, 0.27) <0.001†
BASDAI 0.82 (0.77, 0.88) <0.001† – NA –
ESR 0.03 (0.01, 0.04) <0.001† 0.01 (0.00, 0.01) <0.001†
Radiographic damage§ 0.82 (0.31, 1.34) <0.001† 0.03 (–0.07, 0.14) 0.499

* The dependent variable for patients with ankylosing spondylitis (AS) was the Bath Ankylosing Spondylitis Functional 
Index (BASFI; range 0–10) and for patients with psoriatic arthritis (PsA) was the Health Assessment Questionnaire 
(HAQ; range 0–3). 95% CI = 95% confidence interval; CCIp = Charlson Comorbidity Index proxy; GI = gastrointestinal; 
NSAID = nonsteroidal antiinflammatory drug; DMARD = disease- modifying antirheumatic drug; GC = glucocorticoids; 
DAS28- ESR = Disease Activity Score in 28 joints using the erythrocyte sedimentation rate; NA = not applicable; BASDAI 
= Bath Ankylosing Spondylitis Disease Activity Index. 
† Statistically significant. 
‡ Triglycerides analyzed per 100 mg/dl increase. 
§ Defined as “spinal radiographic damage” in patients with AS and “presence of erosions” in patients with PsA. 
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Interestingly, we identified a relationship between comorbidity 
burden and physical function in patients with PsA. The most com-
monly reported factors affecting physical function in patients with 
PsA are disease activity and radiographic damage (4). However, 
we believe that comorbidity may also exert some negative influ-
ence on the physical function of patients with PsA, and our results 
support this view. In this case, the measurement of physical func-
tion would reflect not only the disease process but also other fac-
tors related to the patients’ general health. In this way, a recent 
study from the Assessment of Spondyloarthritis international Soci-
ety Comorbidities in Spondyloarthritis cohort identified a relation-
ship between comorbidity and functional status in patients with 
axial and peripheral SpA (11). The understanding of the different 
causes that impact the functional disability becomes more relevant 
now that remission- inducing therapies are available. However, the 
disability related to causes different from the disease itself may 
not be improved if they are not properly detected. Therefore, rec-
ognizing the comorbid conditions that overshadow the outcome 
of patients with SpA is important. In fact, recommendations for 
their identification and management have been recently published 
(12). However, to ascertain the impact of the comorbidity control 
on long- term outcomes such as function, longitudinal studies are 
needed.

A recent study showed an association between comorbid-
ity burden and physical function in patients with SpA (11), but 
we could not confirm this association in our patients with AS. 
 Methodologic differences, such as different populations and the 
use of different indexes to measure comorbidity burden, may 

explain such a discrepancy. Moreover, since comorbidity has 
been reported to be a major contributor to functional limitation 
in late AS (13), this association may be more evident in patients 
with longstanding AS, due to the increase of comorbidities with 
aging.

Our study also revealed an association between female 
sex and worse function in patients with PsA. This finding is in 
agreement with previous reports that showed an association of 
female sex with worse function and quality of life (14). In patients 
with AS, we identified an association between female sex and 
worse function, but the association was not confirmed on the 
adjusted multivariate model. The impact of sex on function is 
still unclear in patients with AS, with some cross- sectional stud-
ies reporting worse function among women with AS, whereas 
a prospective study did not identify sex differences  in dis-
ease activity or physical function over time in AS (15). In our 
study, although the bivariate analysis showed worse function in 
women with AS, worse function was not confirmed by the mul-
tivariate model.

The association between higher education level and lower 
reported disability identified in our patients with PsA has already 
been reported in patients with SpA (11). The fact that the educa-
tion level can influence the way in which the patients handle, or 
report, their disease process cannot be dismissed.

Finally, other well- recognized factors with an impact on 
physical function, such as age, disease activity, and radiographic 
damage in patients with AS (3), as well as disease duration and 
disease activity in patients with PsA (4), were also associated with 

Table 3. Comorbidity and physical function: variables associated with BASFI in patients with AS and with 
HAQ in patients with PsA, adjusted multivariate model*

Variables

AS PsA

β 95% CI P β 95% CI P
Age at inclusion 0.03 (0.02, 0.05) <0.001† 0.00 (–0.00, 0.00) 0.906
Sex (ref. male) –0.11 (–0.38, 0.16) 0.430 0.14 (0.06, 0.22) <0.001†
Disease duration 0.01 (–0.00, 0.02) 0.095 0.01 (0.00, 0.01) 0.015†
Education level (ref. primary)

Basic 0.21 (–0.45, 0.86) 0.532 0.14 (–0.03, 0.31) 0.096
Secondary 0.01 (–0.26, –0.29) 0.925 –0.08 (–0.17, –0.01) 0.093
University –0.22 (–0.52, 0.08) 0.154 –0.14 (–0.24, –0.04) 0.004†

CCIp 0.03 (–0.13, 0.20) 0.701 0.11 (0.05, 0.17) <0.001†
NSAID 0.11 (–0.14, 0.37) 0.390 0.09 (0.02, 0.17) 0.017†
Biologic DMARD 0.51 (0.27, 0.76) <0.001† 0.15 (0.07, 0.23) <0.001†
GC 0.03 (–0.40, 0.46) 0.899 0.11 (0.01, 0.21) 0.026†
DAS28- ESR – NA – 0.19 (0.16, 0.22) <0.001†
BASDAI 0.81 (0.75, 0.86) <0.001† – NA –
ESR 0.01 (0.00, 0.02) 0.013† – NI –
Radiographic damage‡ 0.61 (0.28, 0.95) <0.001† – NI –

* The dependent variable for patients with ankylosing spondylitis (AS) was the Bath Ankylosing Spondylitis 
Functional Index (BASFI; range 0–10) and for patients with psoriatic arthritis (PsA) was the Health Assessment 
Questionnaire (HAQ; range 0–3). 95% CI = 95% confidence interval; CCIp = Charlson Comorbidity Index 
proxy; NSAID = nonsteroidal antiinflammatory drug; DMARD = disease- modifying antirheumatic drug; GC 
= glucocorticoids; DAS28- ESR = Disease Activity Score in 28 joints using the erythrocyte sedimentation rate; 
NA = not applicable; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index; NI = not included in the 
multivariate model. 
† Statistically significant. 
‡ Defined as “spinal radiographic damage” in patients with AS and “presence of erosions” in patients with PsA. 



COMORBIDITY IMPACT ON PHYSICAL FUNCTION IN SpA |      827

worse function in our study. Likewise, the association between the 
use of biologics in AS, and the use of NSAIDs, glucocorticoids, 
and biologics in PsA, with worse physical function, would proba-
bly indicate more severe disease.

Among the strengths of our study, we highlight the large 
nationwide sample of patients from daily clinical practice that, 
unlike patients included in clinical trials, had different levels of 
comorbidity and disability. Thus, the results are representative of 
Spanish patients with SpA (AS and PsA) attending rheumatology 
outpatient clinics.

Nevertheless, this study has several limitations. First, it had 
a cross- sectional nature, which precludes causal inferences. 
Second, we used a proxy of the CCI. However, we judged this 
proxy as a useful estimate of the comorbidity burden in our cohort, 
because the information collected was not complete to apply the 
original CCI. Since there is no standard comorbidity index cur-
rently used in rheumatology research, variations of the CCI are 
used because they have been extensively validated throughout 
different medical and research contexts. However, the CCI was 
primarily developed to predict mortality and not functional dis-
ability. Furthermore, our proxy was not able to overcome the fact 
that the CCI does not include osteoporosis or depression, highly 
prevalent comorbidities in patients with AS and PsA that may also 
be relevant to physical disability. Third, although definitions for 
radiographic damage in both diseases were used in the CARMA 
study protocol, quantification of radiographic damage by using 
validated scores was not performed. This fact may explain the 
lack of association between function and radiographic damage 
in patients with PsA. Nevertheless, since several studies have 
shown a close relationship between radiographic progression and 
disease duration, the multivariate models performed in our study 
were also adjusted for the effects of disease duration.

In conclusion, as shown in our large series of patients with 
SpA who were followed up at outpatient rheumatology units, 
the presence of comorbidities may decrease the reported phys-
ical function of patients with SpA. In this setting, a high preva-
lence of comorbidities has been shown. More importantly, as the 
comorbidity burden increases, the reported physical function of 
the patients with PsA decreases. The detection and control of the 
comorbidities may yield an integral management of the disease.
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Supervised Group Exercise in Axial Spondyloarthritis: 
Patients’ Satisfaction and Perspective on Evidence- Based 
Enhancements
Bas Hilberdink , Florus van der Giesen, Thea Vliet Vlieland, Floris van Gaalen, and Salima van Weely

Objective. Supervised group exercise (SGE) has been proven effective in patients with axial spondyloarthritis 
(SpA), but its contents and dosage do not always comply with current scientific insight. This aim of this study was 
to describe axial SpA patients’ satisfaction with current SGE and perspective on potential evidence- based SGE 
enhancements.

Methods. Patients with axial SpA who participated in SGE in 4 regions in The Netherlands (n = 118) completed a 
cross- sectional survey on their satisfaction with features of their current SGE (8 questions scored on a 3- point Likert 
scale; 1 overall grade, scored according to an 11- point scale) and their perspective on the introduction of appropriately 
dosed cardiorespiratory and strengthening exercise, monitoring of exercise intensity, periodic reassessments, patient 
education, and supervision by physical therapists with specific expertise (4 dichotomous questions and one 5- point 
Likert scale).

Results. Most patients were satisfied with the current total intensity (84 of 112 patients [75%]), duration (93 of 111 
patients [84%]), and load (89 of 117 patients [76%]) of the program and the proportion of mobility (102 of 114 patients 
[90%]), strengthening (90 of 115 patients [78%]), and cardiorespiratory exercise (82 of 114 patients [72%]). The 
median overall grade of the program was a 7 (interquartile range 7–8). Most patients agreed with the implementation 
of more frequent (home) exercise (73 of 117 patients [62%]), heart- rate monitoring (97 of 117 patients [83%]), and 
annual reassessments (97 of 118 patients [82%]), whereas 50% agreed with the introduction of patient education  
(37 of 74 patients). The majority found supervision by therapists specializing in axial SpA to be of high importance 
(105 of 118 patients [89%]).

Conclusion. The majority of SGE participants with axial SpA were satisfied with current SGE but also agreed 
with enhancements in line with scientific evidence. Current satisfaction levels indicate that a planned implementation 
strategy, including education and addressing potential barriers and facilitators for the uptake of enhancements, is 
warranted.

INTRODUCTION

Axial spondyloarthritis (SpA) is a chronic inflammatory 
 rheumatic disease that predominantly affects the spine and sacro
iliac joints and causes chronic back pain and stiffness. Regular 
exercise is considered to be a key component in the management 
of axial SpA (1–3) and has been shown to reduce disease activity, 
pain, and stiffness and improve physical functioning, chest expan
sion, spinal mobility, and cardiorespiratory function in patients with 
axial SpA (4–9). Additionally, regular exercise has the potential to 

reduce depressive symptoms (10,11). With supervised group exer
cise (SGE), greater improvements in quality of life, spinal mobil
ity, and patient global assessment were achieved as compared 
to unsupervised, individual exercise programs (5,12–15). SGE 
appears similarly effective for patients with radiographic axial SpA 
(also known as ankylosing spondylitis) and those with nonradio
graphic axial SpA (16). Recently, results of a systematic review on 
the effectiveness of exercise either on land or in water in patients 
with radiographic axial SpA demonstrated the added value of 
hydrotherapy and education within SGE (including 35 trials) (17).
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In many countries, SGE for patients with axial SpA was insti
tuted a few decades ago and mostly consisted of mobility, posture, 
and respiratory exercises (sometimes supplemented with strength
ening and cardiorespiratory exercise) that occurred on a weekly or 
twice weekly basis with a duration of up to 180 minutes (5,18,19). 
These programs may not be consistent with the current body of 
knowledge, which suggests that exercise for patients with axial 
SpA should be individually tailored and include mobility, strength
ening, and cardiorespiratory exercise with the right intensity, dura
tion, and frequency (3,5,8,13,15,17,20). In a systematic literature 
review, Dagfinrud et al (18) examined exercise programs from 12 
randomized controlled trials for patients with radiographic axial SpA 
and reported that most exercise programs included mobility exer
cise (11 of 12 programs), but only less than half (5 of 12 programs) 
included strengthening or cardiorespiratory exercise. Strikingly, only 
1 exercise program met the American College of Sports Medicine 
recommendations (21) for developing cardiorespiratory fitness, and 
none met the recommendations for developing muscular strength 
(18). It has also been stated that patients should be educated 
about axial SpA and physical activity, have regular reassessments, 
and be guided by experts on exercise specifically for those with 
axial SpA (3,13,15,20,22–24). Patient education on physical activity 
and patient monitoring currently appear to be lacking (18,25).

All of the aforementioned insights would imply that several 
enhancements in current practice might be needed in order to 
improve the contents and quality of SGE for patients with axial 
SpA. As a prerequisite for successful implementation, it is impor
tant to explore the current perspective of various stakeholders on 
this matter, including patients’ perspectives (26–29). The literature 
on patient perspective, specifically regarding SGE for patients 
with axial SpA, is scarce. A cross sectional study by Niedermann 
et  al (26), which used a survey of 575 patients with axial SpA, 
explored barriers to and facilitators for vigorous cardiorespira

tory exercise and identified motivation and disease symptoms as 
the most important factors for implementing vigorous cardiores
piratory training in exercise programs; these results underpinned 
the need to address motivation and tailor exercise programs to a 
patient’s individual level. Such needs were also demonstrated in a 
qualitative study by O’Dwyer et al (30), in which the attitudes of 17 
patients with axial SpA toward their current exercise program were 
explored using individual, semistructured interviews and thematic 
analysis. The study by O’Dwyer and colleagues demonstrated a 
desire of patients for exercise to be modified to personal abilities 
and interest. Another qualitative study (31), which included 11 
patients distributed throughout 2 focus groups, concluded that 
patients prefer more education on axial SpA–specific exercise and 
better monitoring of exercise by specialized therapists. These 3 
studies underline the importance that patients with axial SpA attri
bute to education and personalization of exercise, which could only 
be made possible with regular monitoring of exercise and periodic 
reassessments of patients’ individual levels, abilities, and interests.

Little is known about the perspectives of axial SpA patients 
on SGE and potential enhancements. The present study will 
therefore examine the satisfaction of axial SpA patients with cur
rent SGE and their perspective toward proposed enhancements 
of the contents and guidance of SGE.

PATIENTS AND METHODS

Study design. The present study comprised the baseline 
data that was gathered between 2015 and 2017 as part of a pilot 
proj ect on the implementation of enhancements for SGE for axial 
SpA patients in 4 regions (R1, R2, R3, and R4) in The Netherlands. 
The baseline assessment included a cross sectional survey among 
the participants of an axial SpA–specific SGE. The pilot implemen
tation project is ongoing and includes a baseline assessment of 
patients’ perspectives on current and future SGE, a training of 
health professionals to apply a set of evidence based enhance
ments, and an evaluation of patients’ experiences and satisfaction 
with the revised programs. The proposed enhancements for SGE 
were based on literature and consisted of 1) periodic reassess
ments of (changes in) strength, mobility, physical fitness, and func
tioning, including the setting of individual goals, thereby enabling 
the development of a personalized exercise program; 2) introduc
tion of appropriately dosed (high intensity) cardiorespiratory and 
strengthening exercises; 3) introduction of standard monitoring 
of the intensity of cardiorespiratory exercises; 4) increase of the 
exercise frequency (by means of home exercise programs); and 5) 
provision of education on axial SpA–specific exercise.

The study protocol was reviewed by the medical ethical review 
board of the Leiden University Medical Center (MEC file P14.326), 
who determined that the study protocol did not need a full review 
based on the observational nature of the research being embed
ded in regular care. The study was financially  supported by the 
Dutch Arthritis Society (‘ReumaNederland,’ grant BP14 1 161).

SIGNIFICANCE & INNOVATIONS
• Recent scientific insight on supervised group exer-

cise (SGE) for patients with axial spondyloarthritis 
(SpA) recommend appropriately dosed strength-
ening and cardiorespiratory exercise (in addition 
to mobility exercise), monitoring of intensity of 
 cardiorespiratory exercise, periodic reassessments, 
patient education, and guidance by therapists who 
specialize in axial SpA, yet these aspects may cur-
rently be missing in practice.

• The majority of patients with axial SpA who partici-
pated in weekly SGE were satisfied with its current 
contents and mode of delivery.

• The majority of patients with axial SpA would agree 
with the introduction of program enhancements; 
however, given the high current satisfaction, a 
planned and tailored implementation strategy  
(including education) is warranted.



AXIAL SpA PATIENT PERSPECTIVES ON GROUP EXERCISE |      831

Setting. In The Netherlands, SGE for axial SpA patients 
is mostly organized by local patient associations for people with 
rheumatic diseases. Of all 82 local patient associations affiliated 
with the Dutch Arthritis Society in The Netherlands, 18 organize 
SGE for axial SpA patients. Six of these, geographically spread 
across The Netherlands, were approached for participation in 
the pilot implementation project. Four were willing to participate 
and were located in Leiden (R1), The Hague (R2), Mid Limburg 
(R3), and The Gooi (R4). Two regions were unwilling to participate,  
1 region without explanation and the other because of the inability 
of the involved physical therapists to attend the training needed to 
apply the SGE enhancements. The SGE groups from the 18 local 
associations that organize SGE for axial SpA patients are guided 
by physical or exercise therapists. The majority of these therapists 
had guided these groups for at least 5 years, but only less than 
half had attended additional training in leading patients with a rheu
matic disease. Reimbursement for SGE varies between SGE par
ticipants’ health insurance programs; some participants receive full 
or partial reimbursement, and some receive none. Some SGE par
ticipants also receive individual physical therapy in addition to SGE.

Characteristics of SGE. The SGE classes in the 4 included 
regions had all been in effect since the early 1990s and were 
based on a program used in a randomized controlled trial (19). 
That program was administered weekly and consisted of 3 ele
ments, including land based training that comprised mobility 
exercises, sports activities, and hydrotherapy. The present SGE 
programs in the 4 regions were similar in the sense that they were 
administered weekly and had the same structure (i.e., using land 
based training, sports activities, and hydrotherapy) (see Supple
mentary Appendix A, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23892/ 
abstract). However, there were differences regarding the features 
of the land based training, with cardiorespiratory exercise only 
being regularly employed in region R3. There was also a difference 
in the total duration of the program, which varied between 90 and 
135 minutes, due to differences in duration and structure of the 
land based training. In regions R1 and R3, 45 minutes were spent 
on mobility, strengthening, and/or cardiorespiratory exercises, fol
lowed by 45 minutes of sports activities, whereas in regions R2 
and R4, 45–60 minutes were spent in total on both land based 
training and sports activities. These differences may have been 
caused over time by preferences of the separate SGE regions. 
Hydrotherapy lasted 45 minutes in all regions.

Patients. The implementation project started in region R1 in 
2015 and was continued in 2017 in the other 3 regions. A pack
age of numbered pen and paper questionnaires and patient infor
mation letters was sent to the 4 local patient associations, who 
were responsible for inviting their SGE participants for study par
ticipation. These local patient associations arranged the distribu
tion and collection of questionnaires among the SGE  participants, 

and they alone maintained the link between the numbered ques
tionnaire and SGE participants to guarantee anonymity. Patients 
were eligible for the study if they were willing and able to fill in the 
survey, and they were reminded by their patient association when 
the questionnaire was not returned within 2 weeks after issuance. 
Eventually, the local patient associations returned all completed 
pen and paper questionnaires to the researchers.

Assessments. The survey was self developed and first pilot 
tested by SGE members in region R1. Consequently, 1 question 
was slightly modified and 1 was removed. The final survey con
sisted of 3 parts. The first part comprised patient characteristics, 
including sex, age, year of diagnosis, medication use (painkillers, 
nonsteroidal antiinflammatory drugs, disease modifying antirheu
matic drugs, and biologics), duration of exercise group participa
tion, and number of days per week in which they are active for 
≥30 minutes with at least a moderate intensity. Patients reporting 
≥5 days of activity for ≥30 minutes were classified as being active 
according to the European League Against Rheumatism recom
mendations for physical activity in people with inflammatory arthri
tis and osteoarthritis (20).

The second part of the survey assessed patient satisfaction 
toward the current contents and guidance of their SGE as follows: 
1) how they experienced the overall intensity, duration, and load 
of the exercise programs (too much, just right, or not enough), 2) 
how satisfied they were with the composition of the program, i.e., 
the proportion of mobility, strengthening, and cardio respiratory 
exercises (too much, enough, or too little), 3) how they experi
enced the opportunities for personal exercises and adjustments 
(too little, sufficient, or not necessary), 4) which positive effects 
they experienced as a result of the group exercise, and 5) how 
they graded the SGE program overall (grades 0–10, anchors 
0 = “very bad” and 10 = “excellent”).

The third part of the survey evaluated the patients’ perspec
tives on potential SGE enhancements, including their views toward 
periodic (annual) reassessments of mobility, strength, fitness, and 
physical function (in favor or not), heart rate monitoring (in favor or 
not), exercising more than once a week (in favor or not), receiving 
education about exercise and axial SpA (in favor or not), and the 
importance of being guided by a therapist who specialized in axial 
SpA (“extremely important,” “very important,” “neutral,” “unimpor
tant,” or “very unimportant”).

In a fourth part of the survey, which was applicable only to 
region R1, 6 more questions were used. These included prefer
ences toward the following: 1) engaging in SGE more often but 
for less time, twice weekly (in favor or not), and SGE combined 
with an alternative exercise activity (in favor or not); 2) delivery of 
additional individual exercise (leaflet/internet, personally tailored, 
app/DVD, remote guidance, on own initiative, or not in favor); 3) 
delivery of additional guided exercise (regular sport, other axial 
SpA–specific exercise group, axial SpA–specific webcam guid
ance, personally tailored with expert guidance, or not in favor);  

http://onlinelibrary.wiley.com/doi/10.1002/acr.23892/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23892/abstract
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4) duration of additional exercise (<1 hour, 1 hour, 1.5 hours, or
>1.5 hours); 5) frequency of additional exercise (1, 2, 3, or >3 extra 
weekly sessions); and 6) willingness to pay for additional exercise 
sessions (amount per session in €).

Statistical analyses. First, descriptive statistics were used 
for the characteristics of the study participants, their satisfaction 
with current SGE, and agreement with potential enhancements, 
both for the total group and for the 4 regions. Results were 
reported as frequencies (and percentages), mean ± SD, or median 
with interquartile range, where appropriate. To examine any dif
ferences between the 4 regions, one way analysis of variance 
(ANOVA) was used for continuous data, with a Bonferroni post 
hoc test to determine which regions differed and a chi square 
test for categorical data. Both one way ANOVA and chi square 
tests are useful for comparing 4 groups for statistical significance. 
 Analyses were performed using SPSS, version 23.

RESULTS

Participants. The survey was sent to 130 participants and 
was returned by 118 (91%), with similar return rates in the 4 regions: 
region R1, 43 of 48 participants (90%); region R2, 17 of 18 partici
pants (94%); region R3, 35 of 41 participants (85%); and region R4, 
23 of 23 participants (100%). Table 1 shows patient characteristics 
overall and for each region separately. The majority of patients (64%) 
were male, and the mean ± SD age was 60 ± 12 years.  Overall, the 
characteristics of the patients in the 4 regions were similar, except for 
the extent to which SGE was reimbursed (χ2(6) = 76.86, P < 0.001) 
and the duration of SGE participation, which was shorter in region 

R1 than in region R3 (F[3,111] = 3.12, P < 0.05).

Patients’ satisfaction with current SGE. The results of 
the patients’ experiences and satisfaction with current SGE are 
shown in Table 2. Overall, the majority of patients were satisfied 
with the SGE. Most participants viewed cardiorespiratory (72%) 
and strengthening (78%) exercise as receiving enough attention, 
even in the regions where these exercise types are not included. 
The proportions of patients judging cardiorespiratory exercise and 
strengthening as getting too little attention were 27% and 21%, 
respectively, whereas the proportion of patients perceiving mobil
ity exercise as getting too little attention was 9%. Chi square test 
findings showed that significantly more participants in R3, the sole 
location that targeted cardiorespiratory as well as strengthening 
and mobility exercise, graded their SGE with at least a score of 7, 
which was the overall median SGE grade (χ2(3) = 8.16, P < 0.05) 
(Table 2). Also, significantly fewer participants from the SGE pro
grams with the longest duration (regions R1 and R3) judged the 

SGE duration as being too short (χ2(3) = 16.22, P < 0.01).

Patients’ perspective on potential SGE enhancements.  
In Table  3, the perspective of participants toward potential SGE 
enhancements is shown. Most proposed enhancements were 
positively appraised by the majority of patients, with the proportions 
being highest for the introduction of heart rate monitoring (83%) 
and annual reassessments (82%). However, 37% of participants 
were not in favor of exercising more than once a week in any form 
(either supervised or unsupervised and group or individual), and 
50% expressed a need for education on axial SpA and exercise. 
Almost all SGE participants (89%) found exercise guidance by a 
therapist specializing in axial SpA very or extremely important. Anal
ysis using the chi square test showed that in regions R1 and R2, 
where the land based training did not specifically focus on strength

Table 1. Characteristics of axial SpA patients participating in SGE in 4 regions in The Netherlands*

Overall 
(n = 118)

R1 
(n = 43)

R2 
(n = 17)

R3 
(n = 35)

R4 
(n = 23) P†

Female sex 42 (35.6) 12 (27.9) 7 (41.2) 14 (40) 9 (39.1) 0.62
Age, mean ± SD years 59.7 ± 11.6 58.5 ± 12.8 56.2 ± 11.6 62.6 ± 10.3 60.2 ± 10.7 0.24
Disease duration, mean ± SD years 24.9 ± 14.2 25.1 ± 17.7 24.1 ± 8.5 24.9 ± 11.1 25.0 ± 15.3 0.99
Medication use

Painkiller 28 (23.7) 10 (23.3) 6 (35.3) 7 (20.0) 5 (21.7) 0.66
NSAID 64 (54.2) 25 (58.1) 4 (23.5) 21 (60.0) 14 (60.9) 0.06
DMARD 10 (8.5) 3 (7.0) 1 (5.9) 2 (5.7) 4 (17.4) 0.40
Biologic 19 (16.1) 5 (11.6) 4 (23.5) 6 (17.1) 4 (17.4) 0.71
None 27 (22.9) 7 (16.3) 5 (29.4) 9 (25.7) 6 (26.1) 0.22

Days per week active ≥30 minutes
Mean ± SD days 4.8 ± 2.2 4.5 ± 2.3 4.9 ± 2.1 4.9 ± 2.1 5.5 ± 2.0 0.40
≥5 days, no./total no. (%) 66/107 (61.7) 21/39 (53.8) 8/13 (61.5) 20/33 (60.6) 17/22 (77.3) 0.22

SGE, mean ± SD years 17.8 ± 9.9 14.7 ± 9.1 20.7 ± 10.0 20.8 ± 10.4 17.0 ± 9.4 0.03
Reimbursement

Full 52 (44.1) 41 (95.3) 1 (5.9) 6 (17.1) 4 (17.4) <0.001
Partial 18 (15.3) 2 (4.7) 4 (23.5) 5 (14.3) 7 (30.4) 0.03
None 48 (40.7) 0 (0) 12 (70.6) 24 (68.6) 12 (52.2) <0.001

* Values are the number (%) unless indicated otherwise. SpA = spondyloarthritis; SGE = supervised group exercise; NSAID = 
nonsteroidal antiinflammatory drug; DMARD = disease- modifying antirheumatic drug. 
† P value of chi- square test for categorical data and of one- way analysis of variance for continuous data. P < 0.05 indicates a significant 
difference between the 4 regions. 
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ening and cardiorespiratory exercise, fewer patients were in favor of 
heart rate monitoring (χ2(3) = 21.82, P < 0.001) (Table 3). The pro
portion of participants willing to exercise more frequently was lower 
in regions R1 and R3, where SGE takes the longest (χ2(3) = 18.84, 
P < 0.001). Finally, the proportion of participants in favor of educa

tion was significantly higher in region R2 (χ2(2) = 8.64, P < 0.05).
Table 4 shows the patients’ perspective on additional exer

cise activities besides current SGE, which was only measured 
in the pilot in region R1. Almost half of participants (45%) would 
agree to initiate an alternative individual or guided exercise activity 
in addition to their SGE. Personally tailored exercise was favored 
as additional exercise by the highest proportion of participants. An 

exercise duration of 1.5 hours, with a frequency of once a week 

(in addition to current SGE), was most in favor.

DISCUSSION

The present study examined both the satisfaction with 
current SGE and the views toward potential, evidence based 
enhancements for patients with axial SpA. Most participants 
appeared to be satisfied with the current SGE, but nevertheless, 
the majority also agreed with most of the proposed enhance
ments,  including periodic reassessments, heart rate monitoring, 
and  exercising more frequently.

Table 2. Experiences and satisfaction of axial SpA patients with current SGE in 4 regions in The Netherlands*

Overall 
(n = 118)

R1 
(n = 43)

R2 
(n = 17)

R3 
(n = 35)

R4 
(n = 23) P†

Overall intensity
Too high 11/112 (9.8) 4/41 (9.8) 0/14 (0) 5/34 (14.7) 2/23 (8.7) 0.43
Just right 84/112 (75) 31/41 (75.6) 11/14 (78.6) 27/34 (79.4) 15/23 (65.2) 0.71
Too low 17/112 (15.2) 6/41 (14.6) 3/14 (21.4) 2/34 (5.9) 6/23 (26.1) 0.18

Overall duration
Minutes 115 135 100 135 90
Too long 9/111 (8.1) 5/41 (12.2) 1/15 (6.7) 3/32 (9.4) 0/23 (0) 0.39
Just right 93/111 (83.8) 36/41 (87.8) 12/15 (80) 28/32 (87.5) 17/23 (73.9) 0.64
Too short 9/111 (8.1) 0/41 (0) 2/15 (13.3) 1/32 (3.1) 6/23 (26.1) 0.001

Overall load
Too heavy 15/117 (12.8) 6/43 (14) 1/17 (5.9) 4/34 (11.4) 4/23 (17.4) 0.73
Just right 89/117 (76.1) 31/43 (72.1) 12/17 (70.6) 29/34 (82.9) 17/23 (73.9) 0.67
Too easy 13/117 (11.1) 6/43 (14) 4/17 (23.6) 1/34 (2.9) 2/23 (9.7) 0.13

Mobility exercises
Too much attention 2/114 (1.8) 0/41 (0) 0/15 (0) 2/35 (5.7) 0/23 (0) 0.19
Just right attention 102/114 (89.5) 37/41 (90.2) 11/15 (73.3) 32/35 (91.4) 22/23 (95.7) 0.03
Too little attention 10/114 (8.8) 4/41 (9.8) 4/15 (26.7) 1/35 (2.9) 1/23 (4.3) 0.07

Strengthening exercises
Too much attention 1/115 (0.9) 0/42 (0) 0/15 (0) 1/35 (2.9) 0/23 (0) 0.50
Enough attention 90/115 (78.3) 32/42 (76.2) 11/15 (73.3) 28/35 (80) 19/23 (82.6) 0.55
Too little attention 24/115 (20.9) 10/42 (23.8) 4/15 (26.7) 6/35 (17.1) 4/23 (17.4) 0.88

Cardiorespiratory exercises
Too much attention 1/114 (0.9) 1/42 (2.4) 0/15 (0) 0/35 (0) 0/22 (0) 0.62
Enough attention 82/114 (71.9) 29/42 (69) 11/15 (73.3) 28/35 (80) 14/22 (63.6) 0.37
Too little attention 31/114 (27.2) 12/42 (28.6) 4/15 (26.7) 7/35 (20) 8/22 (36.4) 0.64

Opportunities personal exercise
Too little 18/116 (15.5) 9/43 (20.9) 0/16 (0) 4/35 (11.4) 5/22 (22.7) 0.15
Sufficient 49/116 (42.2) 20/43 (46.5) 9/16 (56.3) 11/35 (31.4) 9/22 (40.9) 0.41
Not necessary 49/116 (42.2) 14/43 (32.6) 7/16 (43.8) 20/35 (57.1) 8/22 (36.4) 0.15

Experienced effects
No deterioration 96/118 (81.4) 32/43 (74.4) 14/17 (82.4) 29/35 (82.9) 21/23 (91.3) 0.40
Less stiffness 70/118 (59.3) 26/43 (60.5) 11/17 (64.7) 16/35 (45.7) 17/23 (73.9) 0.18
More endurance 31/118 (26.3) 13/43 (30.2) 5/17 (29.4) 8/35 (22.9) 5/23 (21.7) 0.83
Less pain 23/118 (19.5) 10/43 (23.3) 3/17 (17.6) 6/35 (17.1) 4/23 (17.4) 0.89
More strength 21/118 (17.8) 7/43 (16.3) 3/17 (17.6) 6/35 (17.1) 5/23 (21.7) 0.96
Less medication 20/118 (16.9) 9/43 (20.9) 2/17 (11.8) 6/35 (17.1) 3/23 (13) 0.79
Other 34/118 (28.8) 14/43 (32.6) 8/17 (47.1) 7/35 (20) 5/23 (21.7) 0.18
None 4/118 (3.4) 2/43 (4.7) 0/17 (0) 2/35 (5.7) 0/23 (0) 0.53

SGE grade
Median (IQR) 7 (7–8) 8 (7–8) 7 (6–8) 8 (7–8) 7 (7–8) 0.47
Grade ≥7 103/118 (87.2) 36/43 (83.7) 12/17 (70.6) 34/35 (97.2) 20/23 (91.2) 0.04

* Values are the number/total number (%) of participants unless indicated otherwise. SpA = spondyloarthritis; SGE = supervised group 
exercise; IQR = interquartile range. 
† P value of chi- square test for categorical data and of one- way analysis of variance for continuous data. P < 0.05 indicates a significant 
difference between the 4 regions. 
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The findings of the present study are highly important for 
a successful implementation of proposed SGE enhancements 
and are in line with the findings of studies by Niedermann et al 
(26), Curbelo Rodríguez et al (31), and O’Dwyer et al (30), which 
endorse the importance of education, periodic reassessments, 
and monitoring of exercise, as these components are needed 
to personalize exercise. Including such components in an SGE 
would require the guiding therapists to specialize in exercise for 
patients with axial SpA, and patients in the present study viewed 
this expertise by the SGE guidance as very important. However, 
less than half of the SGE therapists from our study had attended 
additional training in guiding patients with a rheumatic disease. 
Therefore, training on guiding patients with axial SpA who partici
pate in SGE could be developed and offered to all SGE  therapists.

A potential point of concern of the findings of the present 
study is that even in the regions where cardiorespiratory and 
strengthening exercise were not included, a majority of SGE par
ticipants viewed cardiorespiratory and strengthening exercise 
as receiving enough attention. This view suggests a knowledge 
gap regarding the health benefits of these exercise types. There
fore, a planned implementation strategy, which includes educa
tion on the importance of adequate and frequent exercise and 
addresses potential barriers to and facilitators for the uptake of 
certain SGE enhancements, is warranted (26). Such a strategy 
is especially important because appropriately dosed cardiores
piratory and strengthening exercises are rarely included in SGE 
for patients with axial SpA (18) even though these exercises have 
been recommended by current scientific insights (3,5,8,13,15). 
This implementation strategy also applies to increasing par
ticipants’ exercise frequency since 37% of participants did not 
agree to exercising more than once a week, which is not enough 
for a physiologic training effect (18). The views on this subject 
show high variability between exercise regions, which could be 
explained by the varying duration of SGE. A larger proportion of 

participants from SGE classes with a shorter duration were willing 
to exercise more frequently than participants from classes with a 
longer duration. This is in line with other studies (26,32,33) that 
have shown that time is an important factor for exercise behavior. 
Since the present study and a previous study (30) have shown 
that most patients preferred a personally tailored exercise pro
gram in addition to SGE, it might be desirable (from a patient’s 
perspective) to combine relatively shorter SGE with a personal 
(home) exercise program. Future research should examine 
ways to motivate more patients to engage in more frequent and 
 adequate exercise.

Education on important components of exercise for patients 
with axial SpA should not only be used to facilitate implementa
tion of SGE enhancements but also as part of the SGE. Despite 
the relatively long participation in SGE and disease duration, 
 approximately onehalf of the participants still indicated a need for 
education on exercise and axial SpA. This is in line with findings 
from a study by Fontaine et al (25), which showed that less than 
onehalf (42%) of arthritis patients report ever being advised on 
physical activity, and findings from a study by Curbelo Rodríguez 
and colleagues (31), which showed that patients with SpA 
demand more exercise education. Future studies should further 
examine educational needs. Acknowledgment of the patients’ 
perspective might stimulate positive attitude, self efficacy, 
and motivation toward group exercise among (potential) SGE 
participants have been shown to determine exercise behavior in 
patients with axial SpA (26,32–36).

The present study had a number of limitations. First, 
although the survey was pilot tested, it consisted of nonvalidated 
questions. Since the satisfaction and views were only questioned 
with a survey, the patient perspective could not be fully assessed. 
Additional use of qualitative methods, like semistructured inter
views with patients to get insight into potential barriers and facil
itators, could be of value before actual implementation. Second, 

Table 3. Participants’ perspective on potential, evidence based enhancements of SGE for axial SpA patients in 4 regions of The Netherlands*

Overall 
(n = 118)

R1 
(n = 43)

R2 
(n = 17)

R3 
(n = 35)

R4 
(n = 23) P†

Periodic reassessment, in favor 97/118 (82.2) 31/43 (72.1) 16/17 (94.1) 28/35 (80) 22/23 (95.7) 0.06
Heart- rate monitoring, in favor‡ 97/117 (82.9) 27/43 (62.8) 14/17 (82.4) 34/35 (97.1) 22/22 (100) <0.001
Exercise more frequently, in favor 73/116 (62.4) 19/42 (45.2) 14/16 (87.5) 19/35 (54.3) 21/23 (91.3) <0.001
Education axial SpA and exercise, in favor§ 37/74 (50) NA 13/16 (81.3) 16/35 (45.7) 8/23 (34.8) 0.01
Importance of expert guidance

Extremely important 51/118 (43.2) 16/43 (37.2) 10/17 (58.8) 15/35 (42.9) 10/23 (43.5) 0.51
Very important 54/118 (45.8) 21/43 (48.8) 6/17 (35.3) 16/35 (45.7) 11/23 (47.8) 0.81
Neutral 11/118 (9.3) 4/43 (9.3) 1/17 (5.9) 4/35 (11.4) 2/23 (8.7) 0.93
Unimportant 1/118 (0.8) 1/43 (2.3) 0/17 (0) 0/35 (0) 0/23 (0) 0.62
Very unimportant 0/118 (0) 0/43 (0) 0/17 (0) 0/35 (0) 0/23 (0) NA

* Values are the number/total number (%) of participants unless indicated otherwise. SGE = supervised group exercise; SpA = spondyloarthritis; 
NA = not applicable. 
† P value of chi- square test for categorical data and of one- way analysis of variance for continuous data. P < 0.05 indicates a significant difference 
between the 4 regions. 
‡ In region 1 (R1), the view on heart- rate monitoring during 20–30 minutes of bike exercise was asked, and in the other regions, just the view on 
heart- rate monitoring was asked. 
§ Not measured in R1. 
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despite the known effects of exercise on psychosocial well being 
(10,11), questions on perceived effects of SGE only addressed 
physical health. It is, however, conceivable that our observation 
that patients (on average) participate in SGE for many years is 
related to perceived positive effects that go beyond physical func
tioning. Furthermore, the study results might have limited gener
alizability. Although the study included 4 different regions spread 
throughout The Netherlands and a comparable sex ratio to other 
studies (23,37,38), the generalizability to other countries and the 
entire axial SpA population is limited. This limited generalizability 
is due to the fact that participants mainly represented relatively 
older axial SpA patients with a long disease duration and long 
SGE participation, and there were some dissimilarities between 
the SGE regions (see Supplementary Appendix A, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23892/ abstract). Finally, the proportion of 
patients with either radiographic or nonradiographic axial SpA is 
unknown, which made it impossible to show differences between 
these patient subgroups.

In future research, the perspectives of other stakeholders 
(health care insurance plans and SGE guidance) should also be 
investigated. Moreover, studies should  further explore educa

tional needs and ways to motivate patients for more  frequent 
and adequate exercise. Lastly, after implementation of the 
proposed enhancements, the perspective of SGE participants 
should be examined again to give insight into future possibilities 
to further increase SGE satisfaction and adherence.

In conclusion, although the majority of participants were sat
isfied with the current SGE, they would also agree with the pro
posed SGE enhancements. Due to the high satisfaction with the 
current SGE, a planned implementation strategy is warranted that 
would include education on the importance of the enhancements 
and anticipate potential barriers to and facilitators for the incor
poration of enhancements. Future research should focus on the 
educational needs of axial SpA patients and ways to motivate 
them to exercise more frequently. Also, patient satisfaction and 
perspective should be reexamined after implementation of SGE 
enhancements.
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Table 4. Specific views on nature of guidance duration and frequency of additional exercise 
besides current SGE of participants in Region 1*

R1 
(n = 43)

Exercise more often
SGE twice a week 10 (23.3)
SGE combined with an alternative individual or group exercise activity 19 (45.2)

Delivery of additional individual exercise
From leaflet or internet 3 (7.0)
Personally tailored 10 (23.3)
From app or DVD 6 (14.0)
Remote, interactive guidance (through app, online, or e-mail) 4 (9.3)
On own initiative 6 (14.0)
Not in favor of individual exercise 8 (18.6)

Delivery of additional guided exercise
Regular sport with non- axial SpA–specific guidance 1 (2.3)
Another axial SpA–specific group exercise activity 6 (14.0)
Axial SpA–specific exercise with online webcam guidance 2 (4.7)
Personally tailored exercise program with expert guidance 7 (16.3)
Not in favor of another organized exercise activity 7 (16.3)

Duration additional exercise
<1 hour 1 (2.3)
1 hour 6 (14.0)
1.5 hours 8 (18.6)
>1.5 hours 2 (4.7)

Frequency of additional exercise (besides current SGE)
1 extra weekly session 12 (27.9)
2 extra weekly sessions 4 (9.3)
3 extra weekly sessions 0 (0)
>3 extra weekly sessions 0 (0)

Willingness to pay at most for 1 session of additional exercise (n = 16)
Median amount (IQR) €7.00 (€5–€10)
Most often reported amount, no. (%) €10.00 (5 [31])

* Values are the number (%) unless indicated otherwise. SGE = supervised group exercise;  
SpA = spondyloarthritis; IQR = interquartile range. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23892/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23892/abstract
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Prevalence of Giant Cell Arteritis Relapse in Patients 
Treated With Glucocorticoids: A Meta- Analysis
Sabine Mainbourg,1  Alexandra Addario,2 Maxime Samson,3 Xavier Puéchal,4  Mathilde François,5 
Stéphane Durupt,5 François Gueyffier,2 Michel Cucherat,2 Isabelle Durieu,5 Quitterie Reynaud,5 and  
Jean-Christophe Lega1

Objective. The relapse rate of patients with giant cell arteritis (GCA) treated with glucocorticoids (GCs) alone 
varied widely in observational series and randomized controlled trials (RCTs). The purpose of this systematic review 
was to evaluate the prevalence of relapse and predisposing factors in patients receiving GCs alone.

Methods. We searched Medline up to December 2017. The prevalence of relapse was pooled using a random- 
effects model.

Results. A total of 34 studies (2,505 patients), comprising 8 RCTs, were included. The overall prevalence of relapse was 
47.2% (95% confidence interval 40.0, 54.3) with a high heterogeneity (I2 = 93%). Prevalence of relapse was significantly 
higher for patients included in an RCT compared to those included in an observational study (P < 0.0001), but was not 
significantly different according to design (P = 0.06). The relapse rate was associated with year of publication (34 studies, 
rate increase of 8.3% for 1 decade; P < 0.0001) and with shorter GC regimens (17 studies, rate decrease of 1.7% for 1 
additional month; P < 0.001), the duration of scheduled GC therapy being shorter in RCTs (12.8 months) compared to 
observational studies (28.8 months). The effective duration of GC therapy (P = 0.23), initial GC dose (P = 0.49), duration 
of follow- up (P = 0.14), sex (P = 0.29), and age (P = 0.43) were not associated with the prevalence of relapse.

Conclusion. GCA relapses occur in half of patients and without improvement across decades in patients receiving 
GC alone, and the relapse rate is more related to short duration of GC administration than to the initial dose at 
induction. These results advocate for trial design with at least 12 months of GC therapy.

INTRODUCTION

Giant cell arteritis (GCA) is a large vessel vasculitis affecting 
individuals age >50 years (1). It is characterized by the occurrence 
of ischemic signs such as headache, visual manifestations, scalp 
tenderness, jaw claudication, and stroke, together with systemic 
symptoms such as weight loss or anorexia, fatigue, and fever.

Most studies consider that GCA does not significantly 
affect survival (2–4). The recommended treatment at diagnosis 
is high- dose glucocorticoid (GC) therapy (0.7–1 mg/kg/day of 
 prednisone), followed by progressive tapering when the disease is 
controlled and until GC withdrawal (5). The duration of treatment is 

still debated and a significant number of patients remain on long- 
term low- dose GCs to prevent relapse (6,7). Nevertheless, the risk 
of relapse remains high, reported to occur in >50% of patients (8) 
during the course of the disease. There is no consensus about 
definition of relapse and flare in GCA, but they are commonly 
defined by a recurrence of clinical or biologic manifestations, lead-
ing to the increase or resumption of GC treatment or to the adjunc-
tion of an immunosuppressive drug (9). To limit GC- induced side 
effects while maintaining remission, immunosuppressive drugs, 
mainly methotrexate (10,11) and tocilizumab (12,13), have been 
evaluated as GC- sparing agents in randomized controlled trials 
(RCTs) with rapid GC discontinuation, which leads to a difficulty in 
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assessing the efficacy of these drugs compared to the GC treat-
ment. Various factors at GCA diagnosis have been retrospectively 
described as associated with relapses: female sex, hypertension, 
diabetes mellitus (14), or anemia (15). Decreasing the relapse rate 
in the GCA course is currently an important challenge. The pur-
pose of this systematic review and meta- analysis was to estimate 
the relapse rate in GCA patients treated with GC alone and to 
determine the factors associated with relapse.

MATERIALS AND METHODS

Literature search strategy. We determined the selec-
tion criteria for the data collection and identified all the relevant 
articles published on the subject up to December 2017. We 
consulted the Medline database with the search criteria of free 
text, published in all languages and individual medical subject 
heading (MeSH) terms. The search equation in PubMed was: 
(“recurrence” [MeSH] OR “randomized controlled trial” [publi-
cation type] OR “recurrence” [all fields] OR “relapse” [all fields]) 
AND “giant cell arteritis” (MeSH). The reference lists of relevant 
studies and meta- analyses already carried out were examined 
to identify additional studies. The method used was consis tent 
with the recommendations of the Meta- Analysis of Observational 
Studies in Epidemiology (MOOSE) (16) and Preferred Reporting 
Items for Systematic Review and Meta- Analyses (PRISMA) (17).

Study selection. Two levels of screening for eligibility were 
performed. The first level was performed by a single reviewer (J-CL) 
using titles and abstracts and selecting records that included the 
number of relapsing GCA patients. The second level was performed 
using the full- text articles (SM and AA). Studies were included if 
the following criteria were fulfilled: patients with newly diagnosed 
or relapsing GCA, patients treated with GC alone (whole study or 
control arm of trials testing GC- sparing agents), and proportion of 
relapse available. Studies were excluded if the different groups were 
not well- defined, or if there was doubt on the treatment received. 
The included studies then underwent data extraction.

Data extraction and quality assessment. Data from 
the included studies were independently extracted by 3 authors 
(SM, AA, and J-CL). In case of conflict, consensus was reached 
through discussion. The extracted study characteristics included 
first author’s name, year of publication, country, design (retro-

spective or prospective), intervention type (RCT or observational 
study), type of inclusion (consecutive or nonconsecutive), criter ia 
for GCA diagnosis, relapse definition, number of patients who 
received GC therapy alone, patient characteristics (mean age at 
diagnosis, sex), duration of follow- up (mean or median), initial GC 
dose, duration of scheduled GC therapy estimated by the pro-
tocol of GC tapering and withdrawal reported in the methods 
section, effective duration of GC therapy reported in the results 
section, number of patients with relapse, and the interval between 
diagnosis and relapse. The quality of studies was assessed using 
the MOOSE tool (16), including 6 key domains.

Data synthesis and analysis. The pooled prevalence of 
relapse among patients diagnosed with GCA and its 95% confi-
dence interval (95% CI) were estimated using the raw proportions. 
Heterogeneity between study- specific estimates was assessed 
using the inconsistency index I2 (18). A fixed- effects model 
was considered for  I2 of ≤50%, while for  I2 of >50% substantial  
heterogeneity was considered, and a random- effects model was  
used. Once heterogeneity was established, subgroup and meta- 
regression analyses were performed to further investigate between- 
study sources of heterogeneity.

Four subgroups were predefined for categorical variables: 
study design (prospective or retrospective), intervention type (RCT 
or observational study), type of inclusion (consecutive or noncon-
secutive), and target withdrawal of GC therapy (≤ or >12 months). 
The continuous variables preselected in the meta- regression 
were initial GC dose, duration of scheduled GC therapy, effec-
tive duration of GC therapy, sex, duration of follow- up, number 
of included patients in the study, and the year of publication. The 
risk of publication bias was determined by a funnel plot (19). A 
P value less than 0.05 was considered statistically significant. All 
analyses were performed using R software, version 3.0.2, with 
Package metafor, version 1.9- 5.

RESULTS

Study characteristics. A total of 259 records were identi-
fied through electronic searches, and 131 records were extracted 
from meta- analysis addressing GCA. The results of the system-
atic review are shown in Figure 1; 34 studies (10–15,20–46) were 
included (Table 1), encompassing 35 arms with GC treatment and 
totaling 2,505 patients, with a mean age of 69.9 years at diagnosis 
and 69% women. Inclusions were consecutive in 13 studies (38%) 
(13,15,22,25,26,28,34,41–44,46,47), and 19 studies (56%) were 
prospective (9–13,22,23,27–31,33,35,36,38,44,46). Eight studies 
(24%) (10–13,33,36,38,46) were RCTs, including 9 arms testing 
oral GC alone or associated with placebo. Treatments tested in 
these trials were methotrexate in 3 studies (10,11,33), tocilizumab 
in 2 studies (12,13), infliximab in 1 study (38), adalimumab in 1 
study (46), and intravenous GC in 1 study (36). The duration of 
scheduled GC therapy ranged from 4 to 29 months; the mean 

SIGNIFICANCE & INNOVATIONS
• Giant cell arteritis relapses occur in half of patients 

receiving glucocorticoids (GCs) alone.
• The relapse rate may be related to short duration 

of GC administration.
• The relapse prevalence was higher in randomized 

controlled trials than in observational studies.
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effective duration of GC therapy was 28.8 months in observa-
tional studies and 12.8 months in RCTs. In all, 64% of studies were 
conducted in Europe and 29% in the US. Visual inspection of the 
funnel plot of prevalence did not indicate publication bias (see Sup-
plementary Figure 1,  available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23901/ 
abstract). The quality of the studies is shown in Supplementary 
Table 1, available at http://onlin elibr ary.wiley.com/doi/10.1002/

acr.23901/ abstract.

Prevalence of relapse. The overall pooled prevalence of 
GCA relapse was 47.2% (95% CI 40.0, 54.3) using a random- 
effects model, with a high degree of heterogeneity (I2 = 93%). The 
relapse prevalence ranged from 14% to 81.5% in included studies 
(Figure 2).

Factors associated with relapse. The subgroup meta- 
analysis with the predefined variables was performed to explore 
heterogeneity between studies. The prevalence of relapse was 
not significantly different according to study design (P = 0.06), or 
type of inclusion (P = 0.19). Prevalence of relapse was significantly 
higher for patients included in an RCT (65.8% [95% CI 56.9, 74.7]) 
compared to those included in an observational study (41.7% 
[95% CI 33.7, 49.7]; P < 0.0001). Relapses occurred in 65.8% 

of patients (95% CI 56.9, 74.7) with targeted withdrawal before 
12 months, compared to 34.5% (95% CI 24.8, 44.1) with with-
drawal after 12 months (P < 0.0001). For all subgroups, heteroge-
neity remained superior to 50% (Table 2). The year of publication 
was positively associated with the prevalence of relapse (34 stud-
ies, rate increase of 8.3% for 1 decade; P < 0.0001) (Figure 3A). 
The duration of scheduled GC therapy was negatively associ-
ated with the prevalence of relapse (17 studies, rate decrease of 
1.7% for 1 additional month; P < 0.001) (Figure 3B). The effective 
duration of GC therapy treatment (P = 0.23), the initial GC dose 
(P = 0.49), the duration of follow- up (P = 0.14), the proportion of 
women (P = 0.29), and the mean of age at diagnosis (P = 0.43) 
were not associated with the percentage of relapse (Table 3).

DISCUSSION

The systematic literature review and meta- analysis estimated 
that half of GCA patients treated with GC experience at least 1 
relapse during the course of their disease, which is consistent 
with recent reviews (8,48). The meta- analysis found a significant 
heterogeneity in relapse prevalence, and the subgroup analysis 
provided a potential explanation; relapses were more frequent in 
RCTs than in observational studies, with an absolute difference 
in risk of approximately 20%. This result can be explained by the 

Figure 1. Flow diagram of the literature search and study inclusion.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract
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longer duration of GC therapy protocol in observational studies; 
conversely, the early withdrawal of GC was positively associated 
with the probability of relapse in the meta- regression.

A similar significant association between increased duration 
of GC therapy and relapse reduction was previously reported 
in antineutrophil cytoplasmic antibody–associated vasculitis 

through meta- analytic approaches (49,50). The  proportion of 
relapse in patients receiving low- dose GC in the long term was 
14% compared to 43% in patients with early GC discontinuation; 
this 30% difference was similar to our results in GCA (49). Multi-
variable regression demonstrated that long- term, low- dose GC, 
and follow- up duration were the only variables associated with 

Figure 2. Forest plot of relapse prevalence in patients with GCA. Relapses = number of relapsing patients; Total = total number of patients in 
the study; 95% CI = 95% confidence interval; Weight = study weight in the meta- analysis. Color figure can be viewed in the online issue, which 
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract

Table 2. Exploration of heterogeneity of relapse prevalence by subgroup analysis*

Studies Patients
Prevalence of 

relapse, % (95% CI) I2, % P
Study design 0.06

Prospective 19 843 53.4 (44.6, 62.2) 86.5 –
Retrospective 15 1,662 39.7 (28.6, 50.7) 96.0 –

Inclusion type 0.19
Consecutive 13 981 41.8 (32.0, 51.6) 91.1 –
Nonconsecutive 21 1,524 50.9 (41.4, 60.4) 93.6 –

Intervention type <0.0001
Randomized controlled trial 8 267 65.8 (56.9, 74.7) 58.6 –
Observational study 26 2,238 41.7 (33.7, 49.7) 94.1 –

Target withdrawal of GC therapy <0.0001
≤12 months 8 267 65.8 (56.9, 74.7) 58.6 –
>12 months 9 716 34.5 (24.9, 44.0) 87.4 –

* Values are the number unless indicated otherwise. 95% CI = 95% confidence interval; GC = glucocorticoids. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract
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relapse in the meta- analysis, including long- term follow- up of 
studies included in the previous analysis (49) and incorporating 
prospective cohort studies and RCT (50). A comparable finding 
was reported in a cohort study suggesting that a fast GC tapering 
regimen is a predictor of relapse in patients with polymyalgia rheu-
matica (51). Therefore, the results of the present meta- analysis 
suggest a potential benefit of sustaining a prescription of low- 
dose GC for the maintenance of GCA remission.

Notably, however, the net clinical benefit of the administra-
tion of low- dose GC after 12 months has been poorly studied 
in GCA, and the prevalence of severe relapse is not described. 

The side effects of sustained low- dose GC in GCA are not well 
assessed (27,52). In rheumatoid arthritis, the burden of low- dose 
GC exposure is well known and includes weight gain, diabe-
tes mellitus, increased blood pressure, decreased bone mineral 
density, increased risk for fractures, cognitive dysfunction, infec-
tions, and cataracts (53). In GCA, the analysis of a health care 
insurance database found associations between increased GC 
exposure and osteoporosis, cataracts, glaucoma, pneumonia, 
and diabetes mellitus (52). However, the size of this association 
seemed to be small, the relative risk of adverse events increasing 
by 3% for each 1,000- mg prednisone exposure (i.e., 0.46 adverse 
events per 100 patient- years for 12 additional months of pred-
nisone at 5 mg/day compared to 0.43 adverse events per 100 
patient- years). Moreover, the net clinical benefit of administration 
of low- dose GCs for longer duration of time should be determined 
by weighting the risk of severe relapse against the risk of GC side 
effects, a minor relapse (increase of inflammatory markers, head-
ache) being less serious compared to major relapse (myocardial 
infarction, stroke, blindness).

Our meta- analysis did not report any association between 
initial GC dose and prevalence of relapse, suggesting no  benefit 
in the use of high- dose GC at GCA induction. This finding is con-
gruent with the result of a 12- month open- label RCT including 
new onset GCA patients that reported no benefit of GC intra-
venous pulses over oral prednisone (54). In addition, an RCT 
compared 40 mg/day to 20 mg/day of oral prednisone, without 
a significant reduction of relapse rate among those receiving the 
high- dose regimen (55). Although a small RCT reported an oral 
GC- sparing effect and a decrease in relapse rate related to 3 con-
secutive daily intravenous methylprednisolone pulses (15 mg/kg/
day) before oral GCs (36), guidelines and a systematic review did 
not retain high doses of GC as a standard of care for induction of 
remission in GCA (5,56,57). Overall, the results of RCTs and the 
present meta- analysis suggest that longer duration of exposure 
rather than the initial dose of GC at diagnosis contribute to the 
persistence of remission. The European recommendations did not 
address the question of GC tapering and cessation (7), except for 
British and French guidelines that suggest stopping GC after 7–12 
and 18–24 months of administration, respectively (5,56).

The meta- regression also suggested that relapse prevalence 
was positively associated with the year of publication. This finding 
evidences the absence of a secular trend in relapse reduction 
related to a better knowledge of GC management. The relapse 
prevalence was higher in recent studies. Notably, all RCTs were 
published after 2000 and often evaluated short courses of GC to 
prevent side effects, which could explain, at least partially, these 
results. One consequence of the use of short GC courses in RCTs 
is allowing a sufficient number of relapses to occur in control arms 
so that a significant difference is detected with investigational 
drugs. Thus, the estimation of effect size of treatment effect (i.e., 
relative risk or hazard ratio) of immunosuppressive drugs reported 
to be effective in GCA, mainly tocilizumab and methotrexate, may 

Figure 3. Meta- regression of the relapse probability according to A, 
the year of publication, and B, the duration of glucocorticoid treatment 
according to the tapering schedule. Circles indicate the design of studies 
included in the meta- regression, black for observational studies and grey 
for randomized and controlled trials. The red solid curve indicates the 
model prediction of relapse. The red broken curves indicate the 95% 
confidence interval of model prediction of relapse. CS = corticosteroids. 
Color figure can be viewed in the online issue, which is available at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract

http://onlinelibrary.wiley.com/doi/10.1002/acr.23901/abstract
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be challenged with a longer duration of GC. Indeed, the compar-
ison of the efficacy of the immunosuppressive drugs with a short 
duration of prednisone administration (i.e., <12 months) may lead 
to an increase of the apparent efficacy of tocilizumab and metho-
trexate compared to late withdrawal (i.e., >12–24 months) com-
monly used in daily clinical practice (27,58). In another words, 
the number of flares in the comparator arm may be higher, and 
the time to first flare shorter, than in clinical practice in European 
countries (5,56). This weakness of the Giant Cell Arteritis Clini-
cal Research Study design has been discussed by French and 
En glish regulatory authorities for tocilizumab approval (59,60). 
These results did not call into question the GC- sparing effect 
of methotrexate and tocilizumab but challenged the estimation of 
the effect size of treatment effects, allowing the computation of the 
number needed to treat to prevent 1 GCA relapse, which depends 
on the absolute risk difference between 2 therapeutic strategies.

Our study has some substantial limitations. First, the hetero-
geneity between studies, including both observational studies 
and RCTs, was confirmed by the high I2 index. The prespecified 
subgroup analysis and meta- regression explained a part of this 
 heterogeneity. However, we can not rule out heterogeneity related 
to discrepancies in the definition of GCA relapse and recurrence 
that varied between included studies. This point underlined the 
need of widely accepted international criteria for this outcome. 
Second, the estimate of relapse rate encompassed 2 relapse sub-
types: 1) severe relapses yielding organ damage (i.e., myocardial 
infarction, stroke, blindness) or leading to aggressive treatment, 
and 2) minor relapses, such as arthralgia, requiring a small and 
temporary increment in the daily dose of prednisone without con-
sequence for the patient. Unfortunately, available data providing 
the rate of minor and major relapses and their consequences 
were sparse and did not permit us to address this important issue. 
Third, a meta- analysis of observational studies or arms of RCTs 
provides relatively low- grade evidence. In addition, we included 
in the  present meta- analysis studies with a risk of information or 
confounding bias. Only a dedicated RCT comparing 2 durations of 
GC administration (e.g., 12 versus 24 months) may provide strong 
evidence. Nevertheless, the present meta- analysis justifies the 
conduct of such a study and could help to determine its design 
and sample size calculation. Finally, we only searched the Medline 

database, which could have induced a bias. However, there was 
no publication bias by visual inspection of the funnel plot.

In conclusion, GCA relapses occur in half of patients receiv-
ing GC alone, without improvement across decades. The relapse 
rate is more related to short duration of GC administration than 
to the initial dose at induction. The results challenge the GC reg-
imen used in RCTs and thereby question the extent of the real 
effect of methotrexate and tocilizumab. These results support 
RCTs designed with control arms treated with GC for at least 
12 months.
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Objective. To demonstrate the effectiveness of the Extension for Community Healthcare Outcomes (Project 
ECHO) in educating primary care clinicians (PCCs) to provide best practice rheumatic care to patients in under- 
resourced communities in New Mexico.

Methods. Attendee data for weekly teleECHO sessions, lectures, grand rounds, and mini- residency trainings were 
evaluated from June 2006 to June 2014. Participant feedback was evaluated from January 2009 to December 2014, 
when the program was approved for continuing medical education (CME) credits. Retrospective review of diagnoses 
associated with case presentations was conducted from June 2006 to June 2014 to evaluate the types of cases 
presented. A focus group was conducted with a convenience sample of 8 New Mexico PCCs who participated in 
ECHO Rheumatology (ECHO Rheum) for 1 year or longer.

Results. Over the course of 9 years, ECHO Rheum educated 2,230 clinicians, consisting primarily of physicians 
(53%) and nurse practitioners (22%). A total of 1,958 CME credits were awarded to those who participated. There 
were 1,173 cases presented; 85% of the cases reflected the 3 most common diagnoses: rheumatoid arthritis (n = 715),  
fibromyalgia (n = 241), and systemic lupus erythematosus (n = 54). In addition, ECHO Rheum conducted 15 two- 
day mini- residencies involving 30 PCCs; 21 of these clinicians subsequently completed the American College of 
Rheumatology online certification.

Conclusion. Results from this study demonstrate that participation in ECHO Rheum provides clinicians in under- 
resourced areas access to best- practice knowledge and training in rheumatology.

INTRODUCTION

Positive outcomes in rheumatoid arthritis (RA) are closely 
linked to early diagnosis and treatment with disease- modifying 
antirheumatic drugs (DMARDs) (1,2). The strongest correlate 
of DMARD use is the involvement of a rheumatologist, whose 
patients are 4–5 times more likely to receive a DMARD than 
those patients who receive care from an internist or family 
practitioner (2,3). Although treatment guidelines recommend 
early referral to a rheumatologist for definite diagnosis and 
treatment, patients with RA often have no access to a rheuma-
tologist (2–6). Lack of access to specialty care will continue to 
increase because of the growing shortage of rheumatologists. 
According to a workforce study, there will be a  shortage of 

4,700 full- time  rheumatologists by 2030, resulting from chang-
ing workforce patterns for those entering the specialty and 
retirement of current practitioners (2–7). Patient demand for 
arthritis care is expected to increase to 67 million adults age 
≥18 years by 2040, further widening the gap between supply 
and demand (1).

Primary care clinicians (PCCs), who usually provide first- line 
care to patients with arthritis, may not possess the knowledge 
or confidence to diagnose or initiate treatment for rheumatic 
conditions, which further contributes to the delay of care. With 
these barriers, PCCs may be hesitant to administer referrals to 
rheumatologists or diagnose RA and manage it with DMARDs 
(2–8). To address this issue in New Mexico, the Extension for 
Community Healthcare Outcomes (ECHO) model was used to 
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train PCCs in rheumatic care, with the goal to expand access to 
care in underserved communities.

Project ECHO provides training and mentoring to PCCs in 
rural and underserved areas, using videoconferencing to connect 
clinicians at community sites (spokes) to specialist teams at aca-
demic medical centers (hubs). The ECHO model is composed of 
4 components: using technology to leverage scarce resources, 
sharing best practices to reduce variation in quality of care, case- 
based learning to master complexity, and data tracking to monitor 
outcomes. The ECHO model is not telemedicine wherein care of 
the patient is transferred to the specialist. Rather, it enables PCCs 
to acquire specialized knowledge and benefit from the shared 
experience of experts and peers to more effectively diagnose and 
care for patients in their local communities (7–9).

Through the use of technology and principles of effective adult 
education peer- to- peer interaction, establishment of communities 
of practice, and use of evidence- based and case- based learn-
ing models, the ECHO model is an innovative approach to increase  
the knowledge and capacity of clinicians working in rural commu-
nities (10–15). Communities served by federally qualified health 
centers (FQHCs) are commonly low-income New Mexicans liv-
ing in under-resourced communities. The New Mexico advisory 
board for FQHCs recognizes the benefits of the ECHO model 
and has identified 5 ECHO programs as high priorities based on 
their patient population and clinician interests: endocrinology (dia-
betes mellitus), chronic pain and opioid management, behavioral 
health, hepatitis C, and  rheumatology (16).

The ECHO Rheum program launched in 2006 with the intent 
to improve access to care for hundreds of patients who were 
waiting up to 1 year for an initial visit at the University of New 
Mexico Health Sciences Center (UNMHSC) rheumatology clinic 
in Albuquerque, New Mexico. Through weekly, 90- minute virtual 
teleECHO sessions, ECHO Rheum provides training and educa-

tional opportunities for PCCs interested in treating and caring for 
patients with rheumatic conditions.

Each teleECHO session includes: Health Insurance Porta-
bility and Accountability Act–compliant patient cases presented 
by participating PCCs, a brief lecture by a subject matter expert, 
and the development of professional collaborations among par-
ticipating PCCs and specialists. In these collaborative learning 
networks, participating PCCs receive mentorship and recom-
mendations on delivering rheumatic care, gain access to schol-
arly articles, and receive no- cost continuing medical education 
(CME) credits. Participants learn how to use American College  
of Rheumatology (ACR)–recommended disease activity mea-
sures, such as the Clinical Disease Activity Indicator or the 
 Disease Activity Score (DAS) in 28 joints (17).

To generate interest and increase participation in ECHO 
Rheum, grand rounds on seropositive/seronegative inflammatory 
arthritis were conducted at clinics in rural and under- resourced 
areas throughout New Mexico between 2009 and 2011. These 
grand rounds featured UNMHSC’s Chief of Rheumatology and 
the ECHO Rheum Nurse Manager. No- cost CME was awarded as 
an additional incentive for clinicians to attend. The grand rounds 
informed clinicians about ECHO Rheum and presented them with 
varying opportunities for participation. They were invited to attend 
a 2- day rheumatology mini- residency at the UNMHSC rheu-
matology clinic, which included a half- day injection session and 
faculty- led journal club, and they also received information on the 
educational resources offered by Project ECHO.

In addition to the mini- residency, ECHO Rheum collaborated 
with the ACR to offer interested clinicians credentialing in rheu-
matology (18). Those who chose to participate completed 16 
online modules at their own pace and were encouraged to ask 
questions during the teleECHO sessions. Clinicians who received 
this support were encouraged but not mandated to attend a min-
imum of 12 sessions and present at least 10 patient cases, to 
attend a 2- day mini- rheumatology residency training, and to 
become a local community resource by offering rheumatic care 
in their clinical settings. Funding for these incentives was provided 
by the Robert Wood Johnson Foundation.

ECHO Rheum participants include nurse practitioners, 
pharmacists, physicians, physician assistants, nurses, and other 
allied health care providers. Participants join via video or on tele-
phones, connecting remotely from clinic sites throughout New 
Mexico. Members of the interdisciplinary specialist hub team 
include 2 rheumatology faculty members from UNMHSC, a regis-
tered nurse, and a program coordinator. Sessions are scheduled 
during the lunch hour to encourage participation.

During the sessions, a brief lecture is delivered by a specialist. 
Brief lectures are essential to teleECHO sessions because they 
provide evidence- based information on a wide range of rheuma-
tology topics, including clinical assessments, laboratory testing, 
functional screening, visual pearls that aid in diagnosis and treat-
ment, and management of symptoms associated with DMARDs.

SIGNIFICANCE & INNOVATIONS
• The Extension for Community Healthcare Out-

comes Rheumatology (ECHO Rheum) trains and 
mentors thousands of primary care clinicians in 
under-resourced areas to identify and effectively 
treat/manage patients with rheumatic conditions.

• Regular participation in teleECHO sessions creates 
a community of practice among rural clinicians.

• De-identified data from >1,000 clinicians’ case pre-
sentations and focus group results document that 
participants’ perceived confidence in treating and 
managing rheumatoid arthritis, fibromyalgia, and 
systemic lupus erythematosus increases.

• In collaboration with the American College of Rheu-
matology, 21 primary care clinicians successfully 
completed the 16 online modules and received  
credentialing, further expanding their knowledge 
of rheumatic conditions.
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After the brief lecture, participants present de- identified 
patient cases using a template containing relevant subjective 
and objective assessment data (Figure 1), as well as the Routine 
Assessment of Patient Index Data 3 disease activity assessment 
(19). The case presentation template serves as a guide for review-
ing the key components of the case, provides a brief overview 
of the patient’s medical history, and identifies the main question 
from the presenting clinician. The specialist team evaluates the 
case presentations, and after brief discussion and feedback from 
the learning network, compiles treatment recommendations for 
the patient featured in the case. No patient- provider relationships 

are ever established between ECHO specialists and patients; 
recommendations for treatment are considered as educational 
consultations only. The responsibility for treatment remains with 
the clinician directly treating the patient at the spoke site.

The purpose of this study was to use both qualitative and 
quantitative assessments to evaluate how the ECHO interven-
tion met its objectives over the first 9 years. These objectives 
included increasing PCCs’ access to best- practice rheumatic care, 
collecting demographic information about rheumatology patients 
seen in primary care in New Mexico, and identifying what com-
ponents of the training participating PCCs found most beneficial.

Figure 1. Rheumatology case template.
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MATERIALS AND METHODS

Attendance and case presentations. To assess how 
the program met the objectives and to quantify attendance and 
case presentation data, a study methodology was submitted 
and approved by the UNMHSC Institutional Review Board. Study 
objectives were assessed between June 2006 and June 2014 by 
examining ECHO Rheum attendee data: total number of attend-
ees, attendee type, number of unique attendees, and repeat 
attendees per year.

A retrospective review of diagnoses associated with case 
presentations was conducted from June 2006 to June 2014 to 
categorize the types of cases presented. Data from case pre-

sentation forms completed by presenting PCCs, such as patient 
demographics and identification of diagnoses, were analyzed. To 
ensure that patient information remain de- identified, only age, sex, 
and diagnosis of the presenting problem were examined.

Focus group results. In early 2013, PCCs who had con-
tinuously participated in ECHO Rheum for 1 year or longer were 
invited via email to participate in a focus group discussion. Eight cli-
nicians from 5 FQHCs sites in New Mexico responded to the email  
(5 physicians and 3 physician assistants). Six participated in 
a focus group in May 2013, and 2 participated in telephone 
 interviews in June 2013. The interview guide consisted of 11 
questions (Table 1) and evaluated the participant’s experience and 

Table 1. Interview guide*
1. What are the primary reasons you participate in this specific clinic in Project ECHO?
2. Case presentations by clinicians and short didactic updates are typically part of an ECHO clinic. How well do these 2 formats address your needs?
3. In what ways do you use what you learn from ECHO clinics with your own patients? 

a. Cases you present
4. In what ways do you use what you learn from ECHO clinics with your own patients? 

a. Cases presented by others
5. In what ways do you use what you learn from ECHO clinics with your own patients? 

a. Didactic presentations
6. To what degree are you able to apply concepts to your practice from the Advanced Rheumatology Training modules from the American  

  College of Rheumatology to patients?
7. To what degree are you able to apply concepts to your practice from the 2- day mini- residency in- person training with Dr. Bankhurst and colleagues?
8. To what degree are you able to apply concepts presented in your ECHO cases to other patients with similar problems in your practice?
9. Much of medicine involves a team of caregivers involved in the care of patients. Do others on your clinical team participate in the ECHO  

  clinic in which you participate? 
a. Are there ways for you to share the information from ECHO clinic with others on your team or on the clinical staff? 

10. Much of medicine involves a team of caregivers involved in the care of patients. Do others on your clinical team participate in the ECHO  
  clinic in which you participate? 
a. Please describe what facilitates or what inhibits sharing information and practices from Project ECHO at your site.

11. In general, how has your clinical practice changed since you joined this specific clinic with Project ECHO?

* ECHO = Extension for Community Healthcare Outcomes. 

Figure 2. Diversity of unique participants in the rheumatology teleECHO program 2006–2014 credential percentage. MD = Doctor of Medicine; 
DO = Doctor of Osteopathic Medicine; DMD = Doctor of Dental Medicine; NP = Nurse Practitioner; PA = Physician Assistant; PharmD = Doctor 
of Pharmacy; RN = Registered Nurse; RPh = Registered Pharmacist; PhD = Doctor of Philosophy; MOT = Master of Occupational Therapy; 
LMT = Licensed Massage Therapist; RRT = Registered Respiratory Therapist; MA = medical assistant; SW = social worker; MS = Master of 
Science; BA = Bachelor of Arts; TAGME- C = Training Administrators of Graduate Medical Education.
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recommendations for improvements based on their participation 
during the 1- year period.

Members of the ECHO Rheum evaluation team designed 
the questions, obtained informed consent from participants, 
and facilitated each focus group. Interviews lasted approxi-
mately 75 minutes. Data were collected through audio record-
ers and written notes. Transcribed recordings and notes were 
reviewed, compared, and coded using inductive thematic 
analysis (20). As compensation for their participation, focus 
group participants were given the choice of 1 of 3 rheumatol-
ogy textbooks.

CME. In 2009, UNM approved CME credits at no cost for 
each documented hour of attendance at ECHO Rheum. To meet 
CME requirements, participants were asked to comment on 
the effectiveness of the CME/continuing professional develop-
ment by remarking on what they liked best and least about 
each session (21,22). Clinicians were asked to list topics of 
future interest or topics they were least clear about to drive the 
curriculum.

RESULTS

Attendance and case presentation results. ECHO 
Rheum educated 2,230 PCCs, consisting primarily of physi-
cians (53%) and advanced practice providers (22%) (Figure  2). 
A total of 1,958 CME, continuing education (CE), and CE unit– 
eligible credits were provided to those who participated in ECHO 
Rheum sessions, grand rounds, mini- residencies, and special lec-
tures (Table 2). During the 9- year period, there were 1,173 cases 
presented, 15 two- day mini- residency trainings with an overall 
attendance of 30 clinicians, 21 of whom completed the ACR cer-

tification.
A thorough overview of participation count and case pre-

sentations reveals a peak of participation in 2010 at the intro-
duction of the ACR certification (Table 3). A drop in participation 
was observed in 2012, when the ACR certification was no 
longer available because funding had ended (Table 3). A com-
parison of Tables 2 and 3 shows that the number of attend-
ees exceeded the number of CME/CE/CE unit–eligible credits 
because many were concurrently participating in residencies, 
fellowships, and other education programs and did not request 
CE credits.

For the case presentation review, de- identified data col-
lected from case presentations between June 2006 and June 
2014 were categorized and analyzed for each instance of a pre-
sented case. There were 1,173 condition occurrences, includ-
ing both new (n = 867) and follow- up (n = 306) patient cases. 
The most frequently identified diagnoses were RA (n = 715), 
fibromyalgia (n = 241), and systemic lupus erythematosus (SLE; 
n = 54). Regarding age and sex variables, female cases were 

presented more often than male cases, and individuals in the 
40– 60- year age group were presented more frequently than the 
other age groups (Table 4). Other diagnoses presented but not 
included in Table  3 were gout (n = 27), osteoarthritis (n = 25), 
ankylosing spondylitis (n = 23), osteoporosis (n = 9), and Sjögren’s 
syndrome (n = 9). There were 70 case presentations with insuffi-
cient information to make a definitive diagnosis.

Focus groups. Six themes were identified from the thematic 
analyses of the focus group and individual interviews: 1) reasons 
for participation in ECHO Rheum, 2) learning from case presenta-
tions and brief lectures in ECHO Rheum, 3) application of learning 
from ECHO Rheum, 4) impact of ECHO Rheum on the clinician’s 
team, 5) sharing knowledge with team members, and 6) barriers 
to participation in ECHO Rheum.

Theme 1: reasons for participation in ECHO Rheum. 
PCCs had different reasons for participating in teleECHO ses-
sions, including the desire to increase access to care and to 
increase their knowledge, self- efficacy, and skills. One participant 
said, “To send [a patient to] a rheumatologist takes a long [time], 
like 4 to 5 months. In the meantime, the patients do not have 

Table 2. No- cost continuing medical education (CME), continuing 
education (CE), and continuing education unit (CEU)–eligible credits 
offered to clinicians via weekly teleECHO sessions, grand rounds, 
special lectures, and trainings, 2009–2014 (n = 1,985 total credits)*

Training (eligible CME, CE, CEU credits)
New Mexico 
location

2009
Weekly session (156) Albuquerque
Grand rounds (52) Gallup

Las Cruces
Taos
Roswell

2010
Weekly session (405) Albuquerque
Grand rounds (364, including mini- residency) Santa Fe

Tierra Amarilla
Las Cruces
Santa Fe

2- day mini- residency Albuquerque
2011

Weekly session (272) Albuquerque
Grand rounds (84, including mini- residency) Las Cruces
2- day mini- residency Albuquerque

2012
Weekly session (196.5) Albuquerque
2- day mini- residency (17) Albuquerque

2013
Weekly session (221.5) Albuquerque
Virtual special lectures (102) Albuquerque

2014
Weekly session (107) Albuquerque
Virtual grand round (8) Albuquerque

* teleECHO = 90- minute virtual sessions of the Extension for
Community Healthcare Outcomes program. 
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adequate care for their RA or other rheumatic problems; there-
fore, I want to learn and help my patients early on and maybe 
send them to a rheumatologist later on when they really need 
to see rheumatology.” Another participant said, “Knowledge. I 
want to know what tests to order and the rationale for treating 
the patients this way.” Another participant stated, “About a third 
of my patients are uninsured, and if they have to be referred out 
to a specialist, it’s a financial burden for them. I now can either 
start them on something preventative or make them more com-
fortable and ease their burden.”

Theme 2: learning from case presentations and brief 
lectures in ECHO Rheum. All PCCs in the focus group thought 
the case presentations and brief lectures were helpful. “In general, 
they are very helpful because there are always pearls that I pick 
up and you don’t even know. Sometimes the subject is something 
that’s been in a didactic before and there’s always a little bit of 
new information.” PCCs mentioned the fact that as they partici-
pated over time, they presented fewer cases. “When I first started 
attending the sessions, I presented many cases, but the more I 
participated, the less I presented because I am able to recognize 
RA and treat it.”

Theme 3: application of learning from ECHO Rheum. 
PCCs stated they were able to apply what they learned from the 
teleECHO. “Well, sometimes I’ll ask questions about tests that 
I might have considered doing for the patient…and that helps me 
to prioritize which testing I perform.” Another participant com-
mented, “It’s been a wonderful addition to my practice. When I 
trained 20 years ago, I was not comfortable using methotrexate 
on somebody, but now I am. It’s been extremely helpful with both 
diagnosis and treatment of rheumatology disease.”

Theme 4: impact of ECHO Rheum on the clinician’s 
team. Participating PCCs also perceived changes in their prac-
tice. “So in my personal view, I think I did change some [pan-
els]. Like my patients, they don’t have to wait 6 months to see 
a [rheumatologist] and they start treatment with methotrexate 
because I just start the treatment as soon as I diagnose this.” 
PCCs who participated in ECHO Rheum have taken on the role 
of providing specialty rheumatic care in their clinic and in their 
locale. For example, “I have noticed my patient panel shifting to 
older patients markedly. I’m seeing fewer kids and OB and I’m 
now seeing a lot more geriatric patients.” PCCs who participated 
in mini- residencies also enjoyed the clinical skills training. “I loved 
the injection training. I mostly saw knee and wrist injections. The 
use of ultrasound helped me understand how to position the nee-
dle in the joint.”

Theme 5: sharing knowledge with team mem-
bers. Some PCCs stated that they shared what they learned 
with other members of the team, both informally and formally. “I 
interact both with the rheumatologist and the nurse practitioner. 
And sometimes, I’ll comment to [the nurse practitioner] about 

Table 3. Overview of rheumatology teleECHO program participation, 2006–2014*

2006 2007 2008 2009 2010 2011 2012 2013 2014 Total
Total attendance 32 109 155 243 458 434 252 287 260 2,230
Case presentations 50 223 222 220 270 292 211 177 87 1,752
Individual participants 3 8 24 35 86 66 47 63 37 369
Unique participants† 3 6 20 21 64 33 22 38 21 228

* Values are the number. teleECHO = 90- minute virtual sessions of the Extension for Community Healthcare Outcomes program. 
† Attending for the first time. 

Table 4. Case presentation data summary for the 3 most common 
disease instances by age and sex, 2006–2014*

Female Male Unknown
Fibromyalgia (n = 241)†

Total no. 201 40 5
Age, years

<20 0 0 –
20 to <30 16 2 –
30 to <40 27 3 –
40 to <50 67 13 –
50 to <60 64 12 –
60 to <70 18 4 –
≥70 6 1 –
Unknown 3 0 –

Rheumatoid arthritis (n = 715)†
Total no. 530 185 14
Age, years

<20 5 3 –
20 to <30 36 15 –
30 to <40 74 19 –
40 to <50 115 48 –
50 to <60 153 51 –
60 to <70 97 26 –
≥70 40 6 –
Unknown 10 3 –

Systemic lupus 
erythematosus (n = 54)†

Total no. 51 3 0
Age, years

<20 2 1 –
20 to <30 5 1 –
30 to <40 11 0 –
40 to <50 12 1 –
50 to <60 12 0 –
60 to <70 7 0 –
≥70 2 0 –
Unknown 0 0 –

* Values are the number. 
† Number of total combined male and female. 
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 something the specialist said or suggested that is not generally 
done by the rheumatologist here.” Another participant com-
mented, “We did have a regular teaching time every other month 
for providers that, on a couple of occasions, I taught regarding 
the rheumatology stuff. I also encourage other providers to attend 
the ECHO sessions and present their patient cases…this has 
increased access to care in our clinic and if [a provider] leaves, the 
other assumes care of the patient.”

Theme 6: barriers to participation in ECHO Rheum. 
Some PCCs expressed barriers to participation due to compet-
ing clinical demands. “I sometimes arrive late or leave early from 
ECHO clinic because of patient care responsibilities.” Another par-
ticipant stated, “There are times I am reviewing patient charts and 
completing paperwork while listening with the other ear to ECHO.” 
PCCs also noted barriers to submitting case presentations. “I’m 
very busy here and there have been weeks I haven’t been able to 
present just because I haven’t been able to get my presentation in 
before Monday at 9:00.”

CME results. Participants were given the opportunity to 
provide postsession feedback when completing the CME evalu-
ation. Examples of the common responses to the question “What 
did you like best about the session?” generated statements like 
“open communication,” “opportunities to participate,” “clinical 
relevance,” “interdisciplinary collaboration,” and “sharing of infor-
mation.” Common responses to the question “What did you like 
least about the session?” generated statements like “technical 
issues,” and “hard to submit case presentations due to time con-
straints.”

DISCUSSION

ECHO Rheum successfully educated 2,230 clinicians, admin-
istered 1,958 CE credits, facilitated 1,173 case presentations, and 
conducted 15 two- day mini- residencies with 30 clinicians, 21 of 
whom have successfully completed the ACR certification. PCCs 
who chose to participate in ECHO Rheum work in FQHCs and 
want to provide rheumatology services to their patients, many 
of whom were uninsured and for whom treatment was a signif-
icant financial burden. In addition, ECHO Rheum participants 
have found the platform so beneficial they have recruited other 
colleagues from their respective practice to join the teleECHO net-
work. These colleagues become additional resources for the local 
clinics, which expands access to and continuity of rheumatic care.

The case presentation review informed the ECHO Rheum 
faculty about which rheumatic diagnoses were commonly seen 
in New Mexico by PCCs: RA, fibromyalgia, and SLE. The study 
findings associated with age and sex for the top 3 diagnoses are 
consistent with findings from several previous studies (23–26). 
Women ages 40–60 years were presented more frequently, com-
pared to males within the same age group. This finding suggests 

that the patient population in New Mexico is similar to other patient 
populations in the US, and ECHO Rheum could be a useful plat-
form to improve access to care for patients with these diagnoses 
in other areas of the country.

The team used the evaluation findings to improve the ECHO 
Rheum program. For example, the curriculum was restructured 
based on the retrospective case review results and participant 
feedback, and the case template was modified to elicit relevant 
information on these diagnoses to ensure that accurate recom-
mendations for care were provided. The above information could 
be useful to others who are interested in educating and training 
PPCs in their community to increase the local workforce capacity 
to treat rheumatic diseases.

In 2012, participation dropped (Table  3), and we hypothe-
sized that several factors might be the cause: participating PCCs 
became more confident in their abilities to diagnose and initiate 
treatment appropriately, PCCs no longer had the obligation to 
present patient cases, clinical responsibilities prevented them from 
regular weekly attendance, and no- cost ACR certification was no 
longer available. ECHO Rheum saw an increase in participation 
in 2010, when the ACR certification was offered at no cost, sug-
gesting that ACR certification was an incentive for participation. 
Although our formal collaboration with the ACR concluded when 
funds for this initiative came to an end, ECHO Rheum still encour-
aged clinicians to obtain certification in rheumatology and pro-
vided them with information about opportunities to offset the cost.

Although ECHO Rheum has had a decline in attendance, the 
program continues to have value demonstrated by 2 observed 
behaviors: 1) since 2014, another 4 clinicians participating in 
ECHO Rheum were awarded ACR grant funding for the certifi-
cation, and 2) on occasion, 6 of the 21 PCCs who received ACR 
certification returned to ECHO Rheum to present cases or listen to 
brief lectures as needed. This continued use of ECHO Rheum as 
a readily available resource for case presentations and acquisition 
of new learning about developments in treatment and medication 
demonstrates the long- term viability of the community of practice 
created by the program.

PCCs described how the brief lectures were of value to them, 
and the repetition of information reinforced knowledge surround-
ing medication management. Participants provided information 
on topics of interest, and based on this feedback, future curricu-
lum topics were designed. The mini- residencies were beneficial as 
PCCs observed and practiced proper joint injection techniques. 
PCCs reported that participation in ECHO Rheum and the com-
pletion of the ACR modules provided complementary benefits. 
The modules helped them better comprehend the reasoning for 
the use of a specific course of screening, treatment, or manage-
ment that was recommended in the teleECHO sessions. Prior to 
the collaboration with the ACR, few PCCs sought credentialing 
in rheumatology, but as they attended more teleECHO sessions, 
their interest in obtaining further education and expertise in this 
area grew.
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Focus group findings demonstrated that ECHO Rheum par-
ticipants developed confidence in their ability to care for common 
rheumatic disorders. They reported that their scope of knowledge 
of rheumatic conditions widened over the course of the program. 
Participants also described the benefit of presenting their cases 
and hearing cases presented by others. They developed strong 
professional relationships with one another, which created a virtual 
rheumatology community of practice.

One limitation of the focus groups’ study design was the 
composition of the questions, which were open- ended and only 
asked about the benefits of ECHO Rheum. Despite this limita-
tion, participants shared barriers to participation, such as the time 
constraints related to case submissions and participants’ inability 
to participate fully in every teleECHO session due to competing 
demands. Based on these barriers, an additional level of flexibility 
was adopted; PCCs are now given an option to schedule case 
presentations in advance, as well as submit cases on the day of 
the scheduled session. They are also provided with the option to 
present patient cases on an ad hoc basis.

The next phase of the ECHO Rheum program is to continue 
to expand recruitment efforts throughout New Mexico as new 
PCCs enter the workforce, continue to assist interested partners 
in replicating the ECHO Rheum program both nationally and inter-
nationally, and facilitate a Rheumatology ECHO community in 
which replicating partners can come together to discuss shared 
goals, such as patient- level research, curriculum development, 
and recruitment strategies. Future studies will include investigating 
patient and population- level outcomes using the database of case 
presentations to better understand the rheumatic patient popula-
tion presented in ECHO Rheum. A more detailed analysis could 
provide insight into the commonality of medications or treatments 
being prescribed by ECHO Rheum participants. Tracking National 
Provider Identifier numbers, monitoring Healthcare Effectiveness 
Data and Information Set measures to evaluate changes in pre-
scribing practices, especially involving the timeliness of starting 
DMARDs, and training participants on the utility of the ACR- DAS 
to facilitate clinical decision making are areas for future investiga-
tion.

ECHO Rheum and programs like it have the potential to 
positively impact the national shortage of rheumatic care for 
underserved patients. Empowering the health care workforce by 
disseminating knowledge of best- practice diagnosis and treat-
ment has the potential to reduce suboptimal rheumatic care and 
expand access for those who have rheumatic conditions regard-
less of economic status or location.
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Objective. Musculoskeletal ultrasound (MSUS) in rheumatology in the US has advanced by way of promotion 
of certifications and standards of use and inclusion of core fellowship curriculum. In order to inform endeavors for 
curricular integration, the objectives of the present study were to assess current program needs for curricular incor-
poration and the teaching methods that are being employed.

Methods. A needs- assessment survey (S1) was sent to 113 rheumatology fellowship program directors. For pro-
grams that taught MSUS, a curriculum survey (S2) was sent to lead faculty. Programs were stratified according to 
program size and use of a formal written curriculum.

Results. S1 (108 of 113 respondents; response rate 96%) revealed that 94% of programs taught MSUS, with 41% 
having a curriculum. Curricular implementation was unaffected by program size. Formal curricular adoption of MSUS 
was favored by 103 directors (95.3%), with 65.7% preferring such adoption to be optional. S2 (74 of 101 respond-
ents; response rate 73%) showed that 41% of programs utilized a formal curriculum. Multiple teaching strategies 
were used, with content that was generally similar. Use of external courses, including the Ultrasound School of North 
American Rheumatologists course, was prevalent. Fewer barriers were noted compared to past surveys, but inade-
quate time, funding, and number of trained faculty still remained. Lack of divisional interest (P = 0.046) and interest 
of fellows (P = 0.012) were noted among programs without a formal curriculum.

Conclusion. MSUS is taught by a significantly larger number of rheumatology fellowship programs today. Multiple 
teaching strategies are used with common content, and barriers still remain for some programs. Most program direc-
tors favor inclusion of a standardized MSUS curriculum, with many favoring inclusion to be optional.

INTRODUCTION

Musculoskeletal ultrasound (MSUS) has been progres-
sively adopted in the US in the care of patients with rheumatic 
diseases (1,2) and for training rheumatology fellows (3–8). Of 
46 program directors surveyed in 2008 about the utilization 
of MSUS among rheumatologists in the US, 41% stated that 
they included some aspect of MSUS in their training curric-
ula, while 33% allocated resources to send fellows to MSUS 
courses (6). The 2010 American College of Rheumatology 
(ACR) Musculoskeletal Ultrasound Research Training Direc-
tors’ Survey (61 of 142 adult and pediatric program respond-

ents [43%]) established that MSUS training was offered by 20 
programs (33%), while 20 programs (33%) did not offer such 
training. This survey also showed that in 21 programs (34%), 
fellows could elect to have this training (7). There was agree-
ment among program directors that the ACR should support 
MSUS through rheumatology fellow training (66%), certifi-
cation (75%), improvement of MSUS use standards (75%), 
and reimbursement promotion (77%) (7). The 2013 Program 
Director Survey in Musculoskeletal Ultrasound (58 of 112 
adult program respondents [52%]) indicated that 35 programs 
(60%) had implemented MSUS training, including providing 
resources for sending fellows to external courses (8).
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Promotion of MSUS in the US has transpired through 
 concerted efforts. The ACR Musculoskeletal Ultrasound Certifica-
tion Task Force in 2010 and the 2012 ACR Blue Ribbon Panel’s 
Report on Academic Rheumatology collectively acknowledged the 
 integral role of MSUS on modern- day rheumatology practice and 
its implications for the evolution of training programs and curricula 
(9,10). It is also noted that educators are tasked with  developing 
and implementing a training curriculum and certification of com-
petence (9). In 2014, the ACR Committee on Rheumato logic Care 
issued a position statement on the role of MSUS in rheumatic dis-
ease management, the need for training and certification of rheu-
matologists, and proper service reimbursement for these services 
(11). The Rheumatology Musculoskeletal Ultrasound (RhMSUS) 
Certification pathway, created in 2013, provided independent 
verification of MSUS expertise for rheumatologists (12). The ACR 
2015 Core Curriculum Outline and 2016 Accreditation Council on 
Graduate Medical Education (ACGME) Program Requirements in 
Rheumatology (13,14) endorsed exposure to MSUS in fellowship 
training. While MSUS training is mandatory for fellowship training 
in Germany and Italy, the Task Force noted uncertainty among 
trainees on how to receive training or exposure (9). Gout and 
polymyalgia rheumatica classification criteria now include MSUS 
applications (15,16). In contrast to other modalities, MSUS is 
largely used as a point- of- care tool by rheumatologists for diag-
nosis (e.g., evaluating rheumatoid arthritis disease activity) or for 
procedure guidance (e.g., using ultrasound to do a hip injection) 
versus relying on another specialist (e.g., radiologist) to carry out 
the examination (17).

By definition, a formal curriculum is a planned program of 
processes, activities, roles, and procedural components linked 
to the intentions that are meant to be achieved, including com-
petencies, outcomes, or objectives (18). It implies that a group 
of educators value a certain set of skills and level of knowledge 
to address a need (18–22). Integration of new curricular content 
poses challenges, due to competition posed by preexisting con-
tent, scarce resources, and division and/or interdepartmental 
pushback (1,9,19). It requires faculty mastery of a new set of 
skills and level of knowledge and protected time to teach, acquire 
equipment, and navigate potentially prohibitive or competitive 
institutional and academic departmental prerogatives (1,6–10). 
Studies that have investigated the feasibility of MSUS curricular 
inclusion during rheumatology fellowship training have reflected 
these barriers, which include a lack of institutional and/or  
divisional support, financial limitations, lack of faculty training 
and/or competency to teach, and lack of equipment access 
(1,6–9).

There is a need to analyze the education practices of 
MSUS training among adult rheumatology fellowship pro-
grams in order to critically inform future endeavors of curricu-
lar integration (23). The objectives of the present study were 
to assess the current needs and barriers faced by fellowship 
programs for incorporation of MSUS training into their curric-
ula and to determine the current state of curricular implemen-
tation including content, teaching methods, and competency 
assessment.

MATERIALS AND METHODS

Survey development and dissemination. Clinician- 
educators developed 2 surveys for dissemination. All survey 
design participants have experience in curriculum development 
and/or teaching MSUS in fellowship programs and ultrasound 
courses and have published peer- reviewed scholarly articles on 
MSUS (1,3–5,24,25). Two members of the survey design group 
(KDT and ACC) have degrees in medical education and transla-
tional research. Survey development included discussion of goals, 
objectives, and question content. The survey was disseminated 
via Qualtrics (SAP). 

A list of rheumatology fellowship program directors was 
obtained from the Fellowship and Residency Electronic Inter-
active Database online (26). The first survey (S1) was a 12- item 
needs- assessment survey that aimed to evaluate the needs 
of rheumatology fellowship programs for the incorporation 
of MSUS (see Supplementary Appendix A, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23336/ abstract). It was sent to all adult 
rheumatology fellowship program directors. Questions related 
to program size, faculty training, equipment acquisition, imple-
mentation barriers, and formal curricular inclusion were asked. 
A formal curriculum was defined to be written either separate 

SIGNIFICANCE & INNOVATIONS
• Formal inclusion of musculoskeletal ultrasound 

(MSUS) training as a part of  fellowship training cur-
riculum requirements was favored by 95.3% (n = 
103) of survey respondents, with 66% of program 
directors preferring optional inclusion largely due 
to programs possibly not being ready to offer this 
type of training (excluding their own programs).

• Programs without a formal curriculum perceived 
a lack of divisional interest to support  teaching 
(P = 0.046) and fellow interest to learn MSUS  
(P = 0.012) compared to those with a formal 
 curriculum.

• MSUS is taught by fellowship programs in various 
ways with common content areas. Development of 
a formal curriculum can assist programs with im-
plementation and provide more concrete guidance 
on required knowledge and skills that need to be 
learned by fellows in all programs in general.

• The training of a critical number of faculty member 
has most likely been achieved at this time. Faculty  
development needs warrant further study, including 
the need for more courses with more advanced  levels 
of knowledge and development of teaching skills.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23336/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23336/abstract
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from or fully integrated into the existing standardized curricu-
lum set by the ACR and the American Board of Internal Medi-
cine. Respondents were asked to identify “lead” faculty who led 
MSUS teaching. Key clinical faculty are defined as attending 
physicians, apart from the program director, who dedicate at 
least 10 hours weekly throughout the year to fellowship training 
(14). E- mail reminders were sent to nonresponders at 1, 2, and 
4 weeks from survey initiation.

The second survey (S2) was a 25- item curriculum survey 
aimed to ascertain the current state of MSUS teaching among 
programs. Sent to lead faculty as identified in S1, it explores 
areas of curriculum content, teaching methods, competency 
assessments, and current influences of previously identified bar-
riers (1,6–9) (see Supplementary Appendix B, available on the 
 Arthritis & Rheumatology web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23336/ abstr act).The Institutional Review Board 
of Loma Linda University approved this study.

Statistical analysis. Statistical analyses were per-
formed using SPSS Statistics Software, version 22.0. As part 
of our primary analysis for S1, programs were divided into small  
 (1–2  programs) or large (≥3 programs) size according to number 
of  fellows admitted per year. We sought to determine whether  
program size had an effect on factors related to the implemen-
tation of a curriculum. As part of our primary analysis for S1, 
programs were divided into 2 groups based on self- reported 
selection, including programs with a formal MSUS curriculum and 
those without a formal MSUS curriculum. We sought to determine 
whether the presence of a formal written curriculum resulted in 
differences in teaching methodology and assessment. Categorical 
responses were analyzed using Pearson’s chi- square or Fisher’s 
exact tests when appropriate. We set type 1 error at α = 0.05 for 
statistical significance, and we did not adjust for multiple compar-
isons (27). Data are shown as proportions (percentages) except 
where  indicated.

To account for the possibility that programs with more 
highly developed MSUS training curricula would be more likely 
to respond to S2, we performed sensitivity analysis between the 
respondents and nonrespondents of S2 to test for this type of 
reporting bias. We compared S2 respondents (n = 74) to nonre-
spondents (n = 27) on 2 key S1 outcomes, including ultrasound 
machine access and having at least 1 faculty member who was 
competent in performing an ultrasound. There were no differences 
in ultrasound machine access between the S2 respondents and 
nonrespondents (data not shown). While a higher percentage of 
respondents (91%) indicated having at least 1 faculty member 
who was competent in performing ultrasound when compared 
to nonrespondents (78%), the difference was not statistically sig-
nificant. This analysis infers that S2 results were unaffected by 
reporting bias from programs with more highly developed MSUS 
curricula.

RESULTS

Needs- assessment survey (S1). Programs offering 
MSUS training. A total of 108 program directors (96%) from 113 
active rheumatology fellowship training programs responded to 
our survey. MSUS training in some format was offered by 101 of 
108 programs (94%) (Table 1), with a comparable percentage 
of both small (92% [n = 68]) and large (97% [n = 33]) programs 

offering this opportunity (P = 0.429).
Faculty role in MSUS teaching. The majority of the pro-

grams cited the availability of at least 1 faculty member who was 
competent in performing MSUS (80% among small programs 
versus 91% in larger programs) (P = 0.138). Key clinical faculty 
(44%) were most commonly identified as lead faculty who were 
teaching MSUS to fellows, followed by program directors (24%), 
and non- key clinical faculty (15%) (Table 1).

Access to ultrasound machine. Larger programs were 
more likely to own or lease ≥1 machine when compared to 
the smaller programs. Six of the smaller programs (8%) had 
no machine access or shared 1 machine with another division. 
These results were statistically significant (P = 0.015), with 
smaller programs having less access to ultrasound machines 
overall (Table 1).

Barriers. Encountered limitations by programs that both 
have and have not implemented MSUS teaching were solicited. 
Reasons for not offering MSUS training included lack of faculty 
or fellow interest, lack of faculty proficiency for teaching MSUS, 
lack of time for MSUS training, lack of division support, lack of 
ultrasound machine and storage space, and “new program still 
gearing up.” All of the 7 programs (6.5%) that did not offer MSUS 
training would like to eventually offer it.

Inclusion in fellowship curriculum. Inclusion of MSUS train-
ing into the fellowship curriculum was favored by 103 programs 
(95%) (Table 1); however, 71 programs (66%) preferred for this 
to be optional, while 32 (30%) wanted it to be a required part 
of the standard curriculum. Five programs did not want MSUS 
training to be part of the curriculum. The reasons given for  
optional inclusion or noninclusion included the inability of all 
programs to implement teaching, lack of data on its  utility 
and impact on patient care, lack of reimbursement, time con-
straints, and need for a business plan. A great majority of 
both small and large programs (91% versus 97%; P = 0.431) 
 expressed interest in having a standardized curriculum with 
 assessment tools.

Curriculum survey (S2). Responses were received from 
74 members (73%) of lead faculty of the 101 programs (66% of 
small versus 34% of large programs) currently offering MSUS train-
ing. Key clinical faculty were mostly cited as lead faculty (Table 1); 
if key clinical faculty were not available, program directors could 
respond to S2 on their behalf.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23336/abstract).The
http://onlinelibrary.wiley.com/doi/10.1002/acr.23336/abstract).The
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Formal curriculum. A total of 30 programs (41%) reported 
having a formal curriculum, while 44 (59%) had none. Among 
faculty, the number of years of experience teaching MSUS varied 
between 0 and 1 year to >5 years among both small and large 
programs (P = 0.069) (Table 2). In regard to program size, there 
was no significant difference in the number of programs with 
and without a formal curriculum. Of 30 programs with a formal 
curriculum, 24 (80%) were willing to share their curriculum with 

other programs.
Faculty training and certification. Approximately 47% of pro-

grams with a formal curriculum had at least 3 MSUS- trained fac-
ulty members, compared to 18% of programs without a formal 
curriculum (P = 0.049), which tended to have 1 faculty member 
teaching MSUS (Table 2). Certification had not been obtained by 

37 faculty members (50%), with 26 (59%) being from programs 
without a formal curriculum. There was no statistically significant 
difference between programs with and without a formal curric-
ulum with regard to the number of faculty members who were 
certified or actively teaching.

The most common platforms for faculty training were the 
ACR Fundamentals of Musculoskeletal Ultrasound course, Ultra-
sound School of North American Rheumatologists (USSONAR) 
Fellowship Education Course, USSONAR Train- the- Trainers 
course, ACR Intermediate Course, Cooper University Course, 
American Institute of Ultrasound in Medicine Course, and the New 
York University Rheumatology course. The University of Florida- 
Jacksonville course, which is part of the USSONAR program, was 
also cited. Basic courses are usually conducted for 2–3 days and 

Table  1. Availability of training, teaching faculty, equipment, interest in teaching tools, and inclusion of MSUS in 
rheumatology fellowships among all programs and by number of fellows selected per year, based on Survey 1*

All 
programs 
(n = 108)†

1–2 fellows 
selected/year 

(n = 74)

≥3 fellows 
selected/year  

(n = 34) P‡
Offers MSUS training in any format

Yes 101 (94) 68 (92) 33 (97) 0.429
No 7 (6) 6 (8) 1 (3)

Lead faculty that teaches MSUS to fellows
Program director 26 (24) 21 (28) 5 (15) 0.491
Associate program director 14 (13) 9 (12) 5 (15)
Other key clinical faculty 47 (44) 29 (39) 18 (53)
Other clinical faculty, not key 16 (15) 12 (16) 4 (12)
Other faculty, nonrheumatologist 5 (5) 3 (4) 2 (6)

Access to US machine
Own ≥1 81 (75) 51 (69) 30 (88) 0.015§
Lease ≥1 5 (5) 2 (3) 3 (9)
Share with another division 16 (15) 15 (20) 1 (3)
Do not have access 6 (6) 6 (8) 0 (0)

Interested in information on how to acquire 
US machine

Yes 36 (33) 24 (32) 12 (35) 0.770
No 72 (67) 50 (68) 22 (65)

At least 1 faculty member competent in 
performing MSUS

Yes 90 (83) 59 (80) 31 (91) 0.138
No 18 (17) 15 (20) 3 (9)

Interested in information on MSUS faculty 
training

Yes 75 (69) 54 (73) 21 (62) 0.240
No 33 (31) 20 (27) 13 (38)

Interested in MSUS model curriculum and 
assessment tools 

Yes 100 (93) 67 (91) 33 (97) 0.431
No 8 (7) 7 (9) 1 (3)

Should MSUS be formally included in ACR/ 
ABIM curriculum

Yes, as part of the standard curriculum 32 (30) 22 (30) 10 (29) 0.846
Yes, but only as an optional part 71 (66) 48 (65) 23 (68)
No, it should not be included 5 (5) 4 (5) 1 (3)

* Values are the number (%) unless indicated otherwise. MSUS = musculoskeletal ultrasound; US = ultrasound; ACR = 
American College of Rheumatology; ABIM = American Board of Internal Medicine. 
† The percentages may not add to 100%, due to rounding and were calculated based on valid data (excluding missing data) 
for 108 of 113 programs that responded to the needs- assessment questionnaire. 
‡ P values are based on Pearson’s chi- square or Fisher’s exact tests for observed frequency differences between the 2 
rheumatology fellowship subgroups. 
§ Significant; P < 0.05.
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cover ultrasound physics, region- based ultrasound anatomy and 
pathology, and hands- on scanning of live subject models.

While 4 programs had no faculty teaching MSUS, confirmed 
data showed that lead faculty selected in S1 were other key  
clinical faculty for 2 of the programs (the program director by 1 
program and a radiologist in the other). Four other programs had 
a nonrheumatologist as lead faculty (Table 1).

Curriculum structure. In order to determine teaching con-
tent and strategies, multiple- answer selection was  allowed 
(Table  3). At least 78% of programs taught image optimi-
zation, normal anatomy, disease- specific pathology, and 
ultrasound- guided procedures. Ultrasound physics and docu-
mentation/billing were covered by 51% and 43% of programs, 

 respectively.

Various instructional strategies were used, with patient care–
related hands- on teaching being the most common method (91%) 
(Table 3). While 51% of programs had a dedicated faculty MSUS 
clinic occurring once weekly (38%), 26% utilized MSUS on a case- 
to- case basis (Table  4). Didactic lectures, reading assignments, 
scanning workshops, USSONAR fellowship program, online mate-
rials, and conferences were utilized by 32–55% of programs. Nota-
bly, while 13 programs (29.5%) without a formal curriculum utilized 
the USSONAR fellowship program as part of their teaching strategy, 
14 programs (46.6%) with a formal ultrasound curriculum also used 
the program. Assessment strategies commonly used included 

direct observation and feedback, checklists, and procedure logs.
Approximately 42% of programs focused on diagnostic ultra-

sound. Equal emphasis on teaching ultrasound- guided  procedures 

Table 2. Characteristics of lead faculty in rheumatology fellowship programs that teach MSUS by all programs and by 
differences among those with and without a formal written curriculum based on Survey 2*

All  
programs  

(74)†

With formal  
written curriculum  

(30)

Without formal  
written curriculum 

(44) P‡
Primary role of survey respondent

Program director 29 (39) 10 (33) 19 (43) 0.066
Asst./associate program director 10 (14) 8 (27) 2 (5)
Lead US faculty/key clinical 23 (31) 9 (30) 14 (32)
Lead US faculty/non- key clinical 7 (9) 2 (7) 5 (11)
Missing 5 (7) 1 (3) 4 (9)

Fellows selected/year
1–2 fellows selected/year 49 (66) 22 (73) 27 (61) 0.285
≥3 fellows selected/year 25 (34) 8 (27) 17 (39)

No. of faculty with MSUS training
0 4 (5) 1 (3) 3 (7) 0.049§
1 27 (37) 10 (33) 17 (39)
2 21 (28) 5 (17) 16 (36)
≥3 22 (30) 14 (47) 8 (18)

No. of faculty with MSUS certification
0 37 (50) 11 (37) 26 (59) 0.173
1 25 (34) 12 (40) 13 (30)
2 9 (12) 6 (20) 3 (7)
≥3 3 (4) 1 (3) 2 (5)

No. of faculty actively teaching MSUS
0 4 (5) 0 (0) 4 (9) 0.062¶
1 40 (54) 13 (43) 27 (61)
2 24 (32) 13 (43) 11 (25)
≥3 6 (8) 4 (13) 2 (5)

Years of MSUS training and experience
0–1 15 (20) 4 (13) 11 (25) 0.069
2–3 22 (30) 7 (23) 15 (34)
4–5 16 (22) 7 (23) 9 (20)
>5 16 (22) 11 (37) 5 (11)
Missing 5 (7) 1 (3) 4 (9)

Willing to participate in the 
development of a standardized 
curriculum and assessment tools

Yes 53 (72) 24 (80) 29 (66) 0.187
No 21 (28) 6 (20) 15 (34)

* Values are the number (%) unless indicated otherwise. See Table 1 for definitions. 
† The percentages may not add up to 100% due to rounding and were calculated based on valid data (excluding missing 
data) for 74 of 101 programs that responded to the curriculum questionnaire. 
‡ P  values are based on Pearson’s chi- square or Fisher’s exact tests for observed frequency differences between the 2 
rheumatology fellowship subgroups. 
§ Significant; P < 0.05. 
¶ Unstable P value due to low cell counts. 
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and diagnostic ultrasounds was offered by 24 programs (36%) 
(Table 4). There was no significant difference between programs 
with and without a formal curriculum with respect to main indica-
tions for MSUS utilization.

Self- directed learning and practice opportunities. MSUS skills 
are achieved through practice and repetition (24). Since RhMSUS 
certification requires submission of a minimum of 150 scans, the 
feasibility of self- directed learning and practice opportunities out-
side of normal work hours were determined. Self- directed learn-

ing and practice describes a process whereby learners initiate 
 learning via needs and resource identification, strategy implemen-
tation, and evaluation (24). Respondents were asked about the 
amount of time that fellows engaged in MSUS scanning outside of 
usual work hours and excluding fellowship- related activities.

Most fellows engaged in learning MSUS during their second 
year of fellowship training, and most fellows performed 1 hour or 
2–3 hours of additional practice weekly (Table 4). About 96% of 
programs with a formal curriculum indicated access to ultrasound 

Table 3. Differences among teaching programs with and without a formal written curriculum based on Survey 2*

All  
programs 

(74)†

With formal 
written curriculum 

(30)

Without formal 
written curriculum  

(44)
Topics included in MSUS teaching program‡

Image optimization/knobology 59 (80) 28 (93) 31 (71)
US Physics (including power Doppler) 38 (51) 18 (60) 20 (46)
Identification of normal MSUS anatomy via hands- on scanning of joints 71 (96) 30 (100) 41 (93)
Identification of MSUS pathology (including disease- specific findings) 58 (78) 25 (83) 33 (75)
US guided injections/procedures 59 (80) 26 (87) 33 (75)
Documentation and billing 32 (43) 16 (53) 16 (36)

MSUS instructional strategies‡
Didactic lectures 41 (55) 23 (77) 18 (41)
Reading assignments (books, journal articles) 32 (43) 19 (63) 13 (30)
Workshop/nonpatient care- related practice scanning sessions 33 (45) 20 (67) 13 (30)
Hands- on teaching as part of patient care in a clinic 67 (91) 28 (93) 39 (89)
Cadaver- based teaching 9 (12) 3 (10) 6 (14)
USSONAR fellowship program 27 (37) 14 (47) 13 (30)
Online materials (e.g., websites with videos) 26 (35) 10 (33) 16 (36)
Simulation (e.g., SonoSim) 2 (3) 1 (3) 1 (2)
Off- site conferences (i.e., fellows sent to courses) 22 (30) 12 (40) 10 (23)
Conferences (journal club, clinical, research, or morbidiity and mortality 

conference)
24 (32) 12 (40) 12 (27)

Other 4 (5) 3 (10) 1 (2)
Types of clinics accessed for hands- on teaching‡

Dedicated fellow US clinic that is part of fellows’ continuity clinic 9 (12) 6 (20) 3 (7)
Dedicated fellow US clinic that is separate from fellows’ continuity clinic 12 (16) 7 (23) 5 (11)
Dedicated faculty US clinic where fellows see patients with attending  

physician
37 (50) 17 (57) 20 (46)

Dedicated US clinic that is part of radiologist’s schedule of patients 0 (0) 0 (0) 0 (0)
Dedicated US clinic that is part of physiatrist’s schedule of patients 1 (1) 1 (3) 0 (0)
Dedicated US clinic that is part of orthopedist’s schedule of patients 0 (0) 0 (0) 0 (0)
Other 19 (26) 6 (20) 13 (30)

Assessment and evaluation strategies‡
Direct observation and feedback at the time of scan 57 (77) 26 (87) 31 (71)
Record review, chart review, practice audit, chart stimulated recall 6 (8) 4 (13) 2 (5)
Checklist of knowledge and skills fellows are expected to master 9 (12) 7 (23) 2 (5)
Global rating forms 3 (4) 3 (10) 0 (0)
Standardized patient exam 2 (3) 1 (3) 1 (2)
Objective structured clinical exam 1 (1) 1 (3) 0 (0)
Simulations and models 1 (1) 0 (0) 1 (2)
Multiple- choice exam 2 (3) 2 (7) 0 (0)
Oral exam 0 (0) 0 (0) 0 (0)
Procedure or case logs of scans 18 (24) 12 (40) 6 (14)
Patient survey 1 (1) 1 (3) 0 (0)
No formal assessments 20 (27) 5 (17) 15 (34)
Other 2 (3) 1 (3) 1 (2)

* Values are the number (%). MSUS = musculoskeletal ultrasound; US = ultrasound; USSONAR = Ultrasound School of North American 
Rheumatologists. 
† The percentages may not add up to 100% due to rounding and were calculated based on valid data (excluding missing data) for 74 of 
101 programs that responded to the curriculum questionnaire. 
‡ The percentages for these multiple- selection survey items reflect group and subgroup totals for each specific selection (the selections 
are not mutually exclusive and do not add up to 100%). No statistical analysis is available for these measures. 
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outside of dedicated teaching and clinical time, whereas 79% 
of programs without a formal curriculum indicated such access. 
Fifty- three percent of programs enabled fellows to perform 1–49 
credential- eligible scans yearly, while 29% indicated performance 
of 50–100 scans annually. Proficiency was a graduation require-
ment in 5 programs (7%), 4 of which had a formal curriculum.

Outpatient- based platforms most commonly afforded fellows 
routine equipment access, including for self- directed learning and 
practice. Inpatient settings provided such access in 47% of pro-
grams with a curriculum and 25% of programs without a curriculum.

Barriers to implementation. The most common “major” bar-
riers to MSUS training were inadequate time to perform MSUS 
in clinic (58%), lack of funding to train faculty (41%) and fellows 

(41%), and having an inadequate number of faculty available to 
teach (35%), with no statistically significant difference between 
programs with and without a curriculum (Table 5). Programs with-
out a formal curriculum (43%) tended to perceive these as major 

barriers as compared to programs with a formal curriculum (24%).
More than 50% of respondents indicated that previously identi-

fied barriers, including political pushback by other specialties (67%), 
lack of division interest (55%), lack of interest of fellows (55%), lack of 
access to equipment (55%), and inadequate reimbursement (51%) 
were currently “not a barrier.” A significant difference was demon-
strated between programs with and without a formal curriculum 
regarding perception of lack of divisional interest to support MSUS 
training (P = 0.046) and lack of fellow interest to learn (P = 0.012).

Table 4. Opportunities for learning in rheumatology fellowship programs that teach MSUS by all programs and by differences among 
those with and without a formal written curriculum based on Survey 2*

All 
programs 
(n = 74)†

With formal  
written curriculum 

(n = 30)

Without formal 
written curriculum 

(n = 44) P‡
Scope of MSUS teaching and usage in US clinic

Mainly for learning US- guided procedures§ 14 (21) 3 (11) 11 (28) 0.137
Mainly for learning diagnostic US§ 28 (42) 11 (41) 17 (44)
Equal emphasis on US- guided procedures and diagnostic 

scans
24 (36) 13 (48) 11 (28)

Average frequency that fellows attend US clinic
Once a week 25 (38) 10 (37) 15 (39) 0.320
2–5 times a week 3 (5) 3 (11) 0 (0)
Once a month 12 (18) 4 (15) 8 (21)
Twice a month 8 (12) 3 (11) 5 (13)
Other 18 (27) 7 (26) 11 (28)

Year that fellows engage in self- directed learning and practice
1st year of fellowship training 9 (13) 6 (21) 3 (7) 0.128¶
2nd year of fellowship training 39 (54) 17 (59) 22 (51)
3rd year of fellowship training 2 (3) 1 (3) 1 (2)
Able to engage consistently regardless of year 22 (31) 5 (17) 17 (40)

Fellow access to US outside of dedicated clinic and 
teaching time

Yes 62 (86) 28 (97) 34 (79) 0.034#
No 10 (14) 1 (3) 9 (21)

Hours/week that fellows engage in self- directed 
learning & practice

1 hour 36 (50) 12 (41) 24 (56) 0.616
2–3 hours 26 (36) 11 (38) 15 (35)
4–6 hours 6 (8) 4 (14) 2 (5)
7–9 hours 2 (3) 1 (3) 1 (2)
≥10 hours 2 (3) 1 (3) 1 (2)

Average no. of credential- eligible scans performed/year
1–49 scans 38 (53) 14 (48) 24 (56) 0.083¶
50–100 scans 21 (29) 11 (38) 10 (23)
101–150 scans 2 (3) 2 (7) 0 (0)
Don’t know 11 (15) 2 (7) 9 (21)

MSUS proficiency part of fellowship graduation requirements
Yes 5 (7) 4 (14) 1 (2) 0.086
No 66 (93) 25 (86) 41 (98)

* Values are the number (%) unless indicated otherwise. MSUS = musculoskeletal ultrasound; US = ultrasound.
† The percentages may not add up to 100% due to rounding and were calculated based on valid data (excluding missing data) for 74 of 101 
programs that responded to the curriculum questionnaire. 
‡ P values are based on Pearson’s chi- square or Fisher’s exact tests for observed frequency differences between the 2 rheumatology 
fellowship subgroups. 
§ Included at least 60% of the scope of MSUS teaching and usage. 
¶ Unstable P value due to low cell counts. 
# Significant; P < 0.05. 
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Table 5. Rheumatology fellowship lead faculty perception of significant barriers in the implementation of MSUS teaching by all 
programs and by differences among those with and without a formal written curriculum based on Survey 2*

All  
programs  
(n = 74)†

With formal  
written curriculum  

(n = 30)

Without formal  
written curriculum  

(n = 44) P‡
Lack of ease of access to equipment

Not a barrier 38 (55) 18 (62) 20 (50) 0.604
Minor barrier 23 (33) 8 (28) 15 (38)
Major barrier 8 (12) 3 (10) 5 (13)

Inadequate number of faculty to teach
Not a barrier 22 (32) 12 (41) 10 (25) 0.216
Minor barrier 23 (33) 10 (35) 13 (33)
Major barrier 24 (35) 7 (24) 17 (43)

Lack of division interest to support MSUS  
teaching

Not a barrier 38 (55) 21 (72) 17 (43) 0.046§
Minor barrier 22 (32) 6 (21) 16 (40)
Major barrier 9 (13) 2 (7) 7 (18)

Lack of faculty interest to learn
Not a barrier 25 (36) 15 (52) 10 (25) 0.074
Minor barrier 29 (42) 9 (31) 20 (50)
Major barrier 15 (22) 5 (17) 10 (25)

Lack of fellow interest to learn
Not a barrier 38 (55) 22 (76) 16 (40) 0.012§
Minor barrier 25 (36) 6 (21) 19 (48)
Major barrier 6 (9) 1 (3) 5 (13)

Lack of funding to train faculty
Not a barrier 20 (29) 12 (41) 8 (20) 0.153
Minor barrier 21 (30) 7 (24) 14 (35)
Major barrier 28 (41) 10 (35) 18 (45)

Lack of funding to train fellows
Not a barrier 21 (30) 11 (38) 10 (25) 0.347
Minor barrier 20 (29) 9 (31) 11 (28)
Major barrier 28 (41) 9 (31) 19 (48)

Lack of fellow time (already full  
curriculum)

Not a barrier 19 (28) 9 (31) 10 (25) 0.664
Minor barrier 32 (46) 14 (48) 18 (45)
Major barrier 18 (26) 6 (21) 12 (30)

Political pushback by other specialties
Not a barrier 46 (67) 22 (76) 24 (60) 0.335
Minor barrier 18 (26) 6 (21) 12 (30)
Major barrier 5 (7) 1 (3) 4 (10)

Inability to bill for MSUS scans
Not a barrier 33 (48) 17 (59) 16 (40) 0.301
Minor barrier 26 (38) 9 (31) 17 (43)
Major barrier 10 (15) 3 (10) 7 (18)

Inadequate reimbursement for MSUS scans
Not a barrier 35 (51) 17 (59) 18 (45) 0.520
Minor barrier 18 (26) 6 (21) 12 (30)
Major barrier 16 (23) 6 (21) 10 (25)

Inadequate time to perform MSUS in clinic
Not a barrier 8 (12) 5 (17) 3 (8) 0.150
Minor barrier 21 (30) 11 (38) 10 (25)
Major barrier 40 (58) 13 (45) 27 (68)

Inadequate credentialing tools
Not a barrier 26 (38) 13 (45) 13 (33) 0.332
Minor barrier 26 (38) 8 (28) 18 (45)
Major barrier 17 (25) 8 (28) 9 (23)

* Values are the number (%) unless indicated otherwise. MSUS = musculoskeletal ultrasound. 
† The percentages may not add up to 100% due to rounding and were calculated based on valid data (excluding missing data) for 74 
of 101 programs that responded to the curriculum questionnaire. 
‡ P values are based on Pearson’s chi- square test for observed frequency differences between the 2 rheumatology fellowship 
subgroups. 
§ Significant; P < 0.05.  



MUSCULOSKELETAL ULTRASOUND IN FELLOWSHIP TRAINING |      867

DISCUSSION

Our study determined the use of MSUS among US rheu-
matology fellowship programs using needs- assessment (S1) and 
curriculum (S2) surveys, with completion rates of 95% and 73%, 
respectively. These response rates are substantially greater than 
previous surveys (with rates of <60%) (6–8). Our results are mini-
mally affected by reporting bias and likely represent a true preva-
lence of MSUS training among all programs.

More than 93% of US rheumatology fellowship programs 
offer MSUS training in some format. These numbers are higher 
compared to prior surveys in which 70% of programs were skep-
tical of the relevance of MSUS in patient care (6) and only 60% 
included MSUS in their teaching program (8). Prior surveys had 
general questions regarding MSUS utilization in fellowship training 
(7–9) with only 1 survey asking a specific question about teaching 
methods, including attendance at external courses (9).

Remarkably, many programs (irrespective of having a formal 
curriculum) utilize external courses, specifically the USSONAR fel-
lowship program. While the cost of external courses can be pro-
hibitive (2–4 day course expenses between $1,500 and $4,000), 
programs may augment MSUS training and use these courses for 
several reasons, including insufficient number of teaching faculty, 
limited time or support for faculty to deliver all educational content, 
inadequate confidence or competency for faculty to teach con-
tent, and need for external materials to bolster resources. Addi-
tionally, fellows sent to courses may teach faculty, or fulfill future 
faculty roles at their program. The USSONAR fellowship program 
is also available for postgraduate rheumatologists in the form of 
a Train- the- Trainer program (1,4,5,24). USSONAR graduates are 
now leading MSUS teaching in many programs. Differing from 
short courses, USSONAR offers multimodal learning through an 
8- month online program with modules, videos, and mentor feed-
back on submitted scans, a 3- day course with hands- on cadaver- 
based injection training, a competency assessment via written 
examination, and an objective structured scanning examination. 
This program’s success hinges on motivated and competitive 
participation and requires participants to have financial support 
(from the program or self- incurred), ultrasound machine access, 
and time to complete the requisite number of scans. Ideally, par-
ticipants may have the guidance of a local mentor. Finally, it is 
critical to acknowledge the efforts of USSONAR volunteer faculty 
who provide feedback on submitted scans (4,5,24). Its costs are 
comparable to those of short courses but are of more value, as 
participants receive longitudinal mentorship (4,5,24).

MSUS represents an educational innovation. We attempted 
to assess if organizational factors were associated with a pro-
gram’s ability to include MSUS training. We looked at organization 
size or program size (as inferred by number of fellows per year), 
which is known to determine organizational effectiveness (28). 
While organizations are growth- oriented, large organizations have 
vertical and horizontal complexity, whereas smaller organizations 

are more flexible and adaptive and thus encourage innovation. 
Our study showed that fellowship program integration of MSUS 
training was unaffected by program size. Other organizational 
factors require further consideration. We did not investigate the 
quality of learning environments, including whether the ability of 
individuals to introduce new ideas is impacted by psychologi-
cal safety. Psychological safety is an individual’s perception that 
there are no negative consequences to self, status, or career for 
taking interpersonal risks (25,29). Programs with more MSUS- 
trained faculty were more likely to have a curriculum, which is 
possibly a result of faculty advocating for its inclusion or (at the 
least) ensuring its effective implementation. Complexity of medical 
care systems also affects innovation, with stress that is related to 
the navigation of complex systems leading to less psychological 
safety (29). Overall, successful curricular implementation is almost 
certainly driven by a learning- oriented culture, faculty motivation, 
and divisional support (28–30).

Given the widespread inclusion of MSUS training among 
programs, it is possible that a critical number of faculty have 
been trained and can catalyze development of a standardized 
MSUS curriculum. Seventy percent of programs, however, desire 
access to information on faculty training. The specific content 
that is desired through implementation of an MSUS curriculum 
was not elicited, but possibilities include basic MSUS education 
to increase faculty numbers to teach fellows, intermediate or 
advanced content, ultrasound applications for other areas in rheu-
matology, research applications, and teaching and assessment 
skills (2,9,31,32).

Most of the training that is currently available covers basis 
MSUS instruction. The ACR previously supported the USSONAR 
Train- the- Trainer program (2011–2013). This course has persisted 
with sustained increases in academic faculty participation, with 
most costs being self- incurred. The USSONAR curriculum has 
evolved to include more advanced information. The ACR previ-
ously held intermediate- level MSUS courses. Overall, there is a 
dearth of advanced courses in the US in contrast to their avail-
ability in Europe. Thus, it may be time to reconsider reinstituting 
support for these programs in order to advance training efforts for 
this critical mass of trained faculty. Additionally, 37 faculty mem-
bers (50%) have not received MSUS certification (Table 2). The 
reasons for this finding are unclear, but time and effort to accrue a 
required number of scans to qualify for sitting for the examination 
and examination costs are possible factors.

Previously cited barriers to the incorporation of MSUS in fel-
lowship teaching may have diminished for a number of reasons. 
There seems to be increased acceptance by musculoskeletal 
specialists, including rheumatologists, of the role of point- of- care 
MSUS in patient care. Reimbursement is currently not hampered 
by noncertification status, and this may help overcome costs of 
an ultrasound machine. Program directors acknowledge that 
MSUS should be part of rheumatology fellowship training, with up 
to 66% preferring optional inclusion, 5% noninclusion, and 30% 
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preferring general inclusion and requirement for all programs. 
Reasons given by rheumatologists for preferring optional inclusion 
mostly included that mandating a curriculum may put accredita-
tion of programs (other than their own) at risk due to lack of abil-
ity to deliver this educational content. A few respondents noted 
lack of faculty to teach MSUS as a reason for preferring optional 
inclusion, while 1 noted competing areas of interest and lack of 
program time to incorporate MSUS. To the best of our knowl-
edge, the present study is by far the only study to establish the 
higher prevalence of MSUS teaching among rheumatology fellow-
ship programs as compared to prior studies. It is possible that 
respondents may have answered differently had they been aware 
of these current trends.

The ACR Rheumatology Core Curriculum only endorses 
exposure to MSUS during fellowship training; content, instruc-
tional, and assessment strategies were unspecified (13). Our 
study established that existence of a formal MSUS curriculum 
correlates with having more trained faculty, fellow and division 
interest, ultrasound machine access, and equal emphasis 
on teaching both diagnostic and procedural ultrasound. An 
evidence- based rheumatology curriculum that defines scan-
ning protocols, format, and assessment of competency would 
potentially support recommendations for reasonable use (2) and 
promote MSUS utilization as a point- of- care tool (17). Efforts 
have been initiated to develop such a curriculum and have 
been done in accordance with ACGME requirements, including 
Reporting Milestones and Rheumatology Entrustable Profes-
sional Activities that describe learner progression in acquisition 
of knowledge, skills, and attitudes towards the achievement 
of competence (33–35). From a programmatic standpoint, a 
curriculum is desirable because it will reduce the individual 
program burden related to the determination of required con-
tent, skills, and assessment tools. A curriculum can ensure 
that accreditation standards are met and maintained when 
utilized effectively. Within this framework, specific curricular  
program characteristics, including organizing principles, com-
pletion time, academic process and structure, and the means 
in which learners’ expectations are expressed, can be incor-
porated (18–22). Initial results of a Delphi study that was con-
ducted among rheumatology MSUS educators and experts in 
order to develop a consensus on scanning protocols reveal 
areas of disagreement that need further clarification, thus 
underscoring the need for a standardized curriculum to aid 
implementation of MSUS teaching in fellowship programs 
(unpublished study).

It is reasonable to require new knowledge and skills of fel-
lowship graduates that the vast majority of practicing rheumatolo-
gists do not possess. Lifelong learning, which pertains to keeping 
up with what is relevant and useful for the care of patients, is 
expected, if not required, in the medical field. Standards for the 
education and determination of MSUS competency of European 
rheumatologists have been established (36–39). Ultrasound is 

now a part of the teaching strategy for undergraduate and post-
graduate medical trainees in the US and Canada, including for-
mal MSUS curricula for residency training in physical medicine 
and rehabilitation and sports medicine (3,40–48). It is incumbent 
on the rheumatology community in the US to adopt innovative 
approaches to education and patient care. Our specialty’s rele-
vance lies not just in our field of interest, but also in the overall 
realm of health care and medical education. It would be of interest 
to determine whether a standardized MSUS fellowship curricu-
lum aids in the elimination of existing barriers and increase inter-
est from students and residents in rheumatology. Therefore, it is 
important to consider the benefits of formal curricular integration 
of MSUS into fellowship training. This not only lays the ground-
work for trainee expectations, but also may define societal per-
ceptions of our specialty.

Our study has limitations. Surveys rely on self- reports. 
Although our response rate was high, we recognize that 
responses may be incongruent with actual practices.  Quality 
of large data sets can be impaired if individual respondents 
become wary of being tracked and may alter responses to 
make their programs look better (23). For curriculum assess-
ment, it would have been ideal to obtain learners’ perspec-
tives regarding curricular effectiveness of their programs, 
self- directed learning and practice opportunities, and ability 
to accrue credential- eligible scans (23). Instead, we relied on 
faculty perceptions to establish these parameters. Otherwise, 
surveys are an acceptable method of curriculum assessment 
and can be done quickly with minimal person- power (49,50). 
This study can be the basis for use of evidence- based practice 
in fellowship programs across different contexts, including the 
need for further program  development (23).

In conclusion, our specialty has seen a dramatic increase 
in the use of point- of- care MSUS among rheumatologists, 
as evidenced by the delineation of MSUS standards of use, 
inclusion of MSUS- related criteria into disease classification 
systems, increase in attendance by rheumatologists at train-
ing courses, provision of the RhMSUS certification, and the 
almost- universal desire among fellowship training programs 
to integrate MSUS education into the curriculum. Educators 
in other specialties and levels of medical training are adapt-
ing ultrasound as a teaching and point- of- care assessment 
strategy. With a critical mass of trained rheumatology faculty, 
as well as external educational opportunities available to pro-
grams lacking faculty expertise, a standardized MSUS cur-
riculum developed and endorsed by program directors and 
MSUS lead educators is now a reason able goal. Each pro-
gram can potentially individualize whether this curriculum will 
be an optional or a required component. While many programs 
have overcome barriers, real barriers still exist. Rheumatolo-
gists need to work together to proactively champion MSUS 
education for both faculty and fellows who desire to attain this 
skill set.
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The American College of Rheumatology Committee on Journal 
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Arthritis Care & Research. The offi  cial term of the next 
Arthritis Care & Research editorship is July 1, 2021–June 30, 2026; 
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The brand-new ACR Publications app can be downloaded for 
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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-
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