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2019 American College of Rheumatology Recommended 
Patient- Reported Functional Status Assessment Measures 
in Rheumatoid Arthritis
Claire E. H. Barber,1  JoAnn Zell,2 Jinoos Yazdany,3 Aileen M. Davis,4 Laura Cappelli,5 Linda Ehrlich-Jones,6 
Donna Everix,7 J. Carter Thorne,8 Victoria Bohm,1 Lisa Suter,9 Alex Limanni,10 and Kaleb Michaud11

Objective. To develop American College of Rheumatology (ACR) recommendations for patient- reported Functional 
Status Assessment Measures (FSAMs) for use in routine clinical practice in patients with rheumatoid arthritis (RA).

Methods. We convened a workgroup to conduct a systematic review of published literature through March 16, 
2017 and abstract FSAM properties. Based upon initial search results and clinical input, we focused on the following 
FSAMs appropriate for routine clinical use: the Health Assessment Questionnaire (HAQ) and derived measures and 
the Patient- Reported Outcomes Measurement Information System (PROMIS) tool. We used the Consensus- Based 
Standards for the Selection of Health Measurement Instruments (COSMIN) 4- point scoring method to evaluate each 
FSAM, allowing for overall level of evidence assessment. We identified FSAMs fulfilling a predefined minimum stand-
ard and, through a modified Delphi process, selected preferred FSAMs for regular use in most clinic settings.

Results. The search identified 11,835 articles, of which 56 were included in the review. Descriptions of the measures, 
properties, study quality, level of evidence, and feasibility were abstracted and scored. Following a modified Delphi process, 
7 measures fulfilled the minimum standard for regular use in most clinic settings, and 3 measures were recommended: the 
PROMIS physical function 10-item short form (PROMIS PF10a), the HAQ- II, and the Multidimensional HAQ.

Conclusion. This work establishes ACR recommendations for preferred RA FSAMs for regular use in most clinic 
settings. These results will inform clinical practice and can support future ACR quality measure development as well 
as highlight ongoing research needs.

INTRODUCTION

Functional status is an important outcome in rheumatology 
and relates to measures of functioning that capture the interaction 

between a person’s health condition and their ability to participate 
in activities (1). Poor functional status is associated with work dis-
ability (2), poor quality of life (3), and is one of the strongest pre-
dictors of mortality in rheumatoid arthritis (RA) (2,4–7). Functional 

Supported by the American College of Rheumatology. Dr. Barber’s work 
was supported by the Canadian Institutes of Health Research and the University 
of Calgary Department of Medicine. Dr. Davis’ work was supported by the 
CIHR. Dr. Cappelli’s work was supported by the Jerome Greene Foundation 
and Bloomberg Philanthropies. Dr. Ehrlich-Jones’ work was supported by 
the National Institute on Disability, Independent Living, and Rehabilitation 
Research, the Craig H. Neilsen Foundation, the NIH (National Institute of 
Arthritis and Musculoskeletal and Skin Diseases grant 5R01-AR071091 and 
National Heart, Lung, and Blood Institute grant 1R01-HL132978-01A1), and 
the DOD. Dr. Thorne’s work was supported by Mount Sinai and the University 
Health Network. Dr. Suter’s work was supported by the VA and Yale New 
Haven Health System Center for Outcomes Research & Evaluation through 
a contract to the Centers for Medicare and Medicaid Services. Dr. Michaud’s 
work was supported by the Rheumatology Research Foundation.

1Claire E. H. Barber, MD, PhD, FRCPC, Victoria Bohm, MSc, MPH: University 
of Calgary, Calgary, Alberta, Canada; 2JoAnn Zell, MD: Denver Health, Denver, 
Colorado; 3Jinoos Yazdany, MD, MPH: University of California, San Francisco; 
4Aileen M. Davis, PhD: Krembil Research Institute, University Health Network, 
and University of Toronto, Toronto, Ontario, Canada; 5Laura Cappelli, MD: Johns 
Hopkins University, Baltimore, Maryland; 6Linda Ehrlich-Jones, PhD, RN: Shirley 
Ryan AbilityLab, Chicago, Illinois; 7Donna Everix, MPA, BS, PT: Mills Peninsula Health 
Services, Burlingame, California, and OnMyCare Home Health, Fremont, California;  

8Carter Thorne, MD, FRCPC: University of Toronto, Toronto, Ontario, Canada; 9Lisa 
Suter, MD: Yale University, New Haven, Connecticut, and Veterans Affairs Medical 
Center, West Haven, Connecticut; 10Alex Limanni, MD: Arthritis Centers of Texas, 
Dallas; 11Kaleb Michaud, PhD: University of Nebraska Medical Center, Omaha, 
and FORWARD, the National Databank for Rheumatic Diseases, Wichita, Kansas.

Dr. Zell has received research support from Novartis. Dr. Yazdany has 
received consulting fees and/or speaking fees from Astra Zeneca and PRIME 
Education (less than $10,000 each) and research support from Pfizer and 
Astra Zeneca. Dr. Cappelli has received consulting fees from Regeneron/
Sanofi (less than $10,000) and research support from Bristol-Myers Squibb. 
Dr. Ehrlich-Jones has received consulting fees from Zimmer Biomet (less than 
$10,000). Dr. Thorne has received consulting fees and/or speaking fees from 
AbbVie, Celgene, Novartis, Pfizer, Sandoz, Sanofi Genzyme, Serene, Amgen, 
and Medexus (less than $10,000 each). Dr. Limanni has received research 
support from GlaxoSmithKline, Janssen, Novartis, Gilead, and Pfizer. Dr. 
Michaud has received research support from Pfizer (ASPIRE award). No 
other disclosures relevant to this article were reported.

Address correspondence to Kaleb Michaud, PhD, Division of Rheumatology 
& Immunology, University of Nebraska Medical Center, 986270 Nebraska 
Medical Center, Omaha, NE 68198. E-mail: kmichaud@unmc.edu.

Submitted for publication April 17, 2019; accepted in revised form 
August 8, 2019.

https://orcid.org/0000-0002-3062-5488
https://orcid.org/0000-0002-5350-3934
mailto:kmichaud@unmc.edu


BARBER ET AL 1532       |

status assessment measures (FSAMs) may be used in assess-
ment of prognosis and aid in RA treatment decisions. Because of 
its importance, functional status assessment is included in guide-
lines for rheumatologic care for a number of conditions including 
RA (8). Assessment of functional status is captured by an Amer-
ican College of Rheumatology (ACR) RA quality measure (9) and 
is included in the Merit- Based Incentive Payment System, 1 of 2 
payment tracks under the Quality Payment Program in the US 
emphasizing a value- based payment model (10).

In 2012 the ACR published recommendations on 6 RA 
disease activity measures (11). While no formalized document 
for ACR FSAM recommendations was developed, current ACR 
guidelines list collection of a standardized, validated FSAM as 
a key principle of RA treatment (8) and cite examples of com-
monly used FSAMs, including the Health Assessment Ques-
tionnaire (HAQ) disability index (DI), HAQ- II, Multidimensional 
HAQ (MDHAQ), and Patient- Reported Outcomes Measure-
ment Information System (PROMIS) FSAMs, but do not make 
 specific recommendations about their use in clinical practice. 
This work to provide initial recommendations on RA FSAMs 
was performed in parallel to an ACR workgroup updating the 
ACR’s prior RA disease activity instrument recommendations.

The objectives of the RA FSAM workgroup were to provide 
RA patient- reported FSAMs meeting a minimum standard for 
regular use and preferred RA patient- reported FSAMs for regular 
use. These objectives reflect the fact that feasibility and clini-
cal efficiency are important considerations in functional status 
assessment, supplementing minimum instrument performance 
standards.

METHODS

Study design. The ACR convened a workgroup of rheu-
matology professionals and rheumatologists to evaluate and rec-
ommend RA FSAMs. The workgroup developed a protocol and 
presented the process and preliminary findings at the 2017 ACR 
Annual Scientific Meeting in San Diego, California and obtained 
public comment following that presentation.

Search strategy. We conducted a systematic literature 
review, adhering to the Preferred Reporting Items for Systematic 
Reviews and Meta- Analysis checklist (12). We searched Medline, 
Embase, Cochrane Library, and the Cumulative Index of Nursing 
and Allied Health databases, from study inception to March 16, 
2017. We devised search terms according to a published search 
strategy for finding studies on measurement properties of patient- 
reported outcome instruments (13) from the Consensus- Based 
Standards for the selection of Health Measurement Instruments 
(COSMIN) group (URL: http://www.cosmin.nl/). This strategy uses 
MeSH terms and keywords across 3 themes: construct search 
(for assessment of functional status), population search (RA), and 
instrument search (including terms for instruments of interest, 

e.g., questionnaires, etc.). The Boolean search operator “AND” 
was used to combine the 3 search themes (see Supplementary 
Appendix A, available on the Arthritis Care & Research web site 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). 
We manually searched the reference lists of included articles to 
identify potentially relevant studies. Additionally, we contacted 
content experts to ensure search completeness. We reviewed ref-
erence lists of relevant published reviews. Included articles were 
hand- searched for any additional relevant publications.

Eligibility criteria and article selection. We included 
studies with the primary objective of developing, validating, or 
establishing psychometric properties of patient- reported FSAMs 
in RA. We applied the following exclusion criteria: non- English 
publications, studies validating FSAMs in non- RA populations, 
performance- based measures (e.g., grip strength, walk tests, etc.), 
FSAMs that assessed a single extremity or body part, and studies 
using FSAMs to validate another instrument (e.g., assessing validity 
of joint ultrasound using FSAMs). We excluded health- related qual-
ity of life measures or multidimensional measures including function 
as a single construct among many (e.g., Short Form 36 [SF- 36]) 
and studies only evaluating the cross- cultural validity of FSAMs.

Two reviewers (CEHB and JZ) first independently screened 
titles and abstracts to determine eligible studies for full text 
review and then conducted a full text review of eligible studies 
independently in duplicate. Disagreements between reviewers 
were resolved by discussion between reviewers or with a third 
reviewer (KM) when necessary.

Data abstraction and study quality assessment. Two 
of the 3 independent reviewers (CEHB, JZ, or VB) conducted 
data abstraction in duplicate for 15% of included articles to obtain 
consistent abstraction. A single reviewer (CEHB) abstracted the 
remaining studies with additional spot- checking of data abstraction 
performed by a second reviewer (VB). All measure characteristics, 
including details on measure items, administration time, scoring, 
and interpretation were abstracted. FSAMs with limited publica-
tions in RA (≤3) and/or not commonly used in the US (as evidenced 
in the ACR’s Rheumatology Informatics System for Effectiveness 
[RISE] registry [14]) were not further evaluated for methodologic 
quality using COSMIN as it was unlikely such measures would be 
recommended for use due to feasibility concerns.

We rated the methodologic quality of included studies using 
COSMIN checklists (15). Briefly, COSMIN is a standardized tool 
for assessing study properties including internal consistency, 
reliability, measurement error, content validity, structural validity, 
hypothesis testing, cross- cultural validity, responsiveness, and 
interpretability. For each measurement property, a checklist of 
5–18 items is completed and rated on a 4- point scale (poor, 
fair, good, or excellent) based on predefined criteria. An overall 
score for each property is based on the lowest score for each 
checklist. To assess the study psychometric result quality, we 

http://www.cosmin.nl/
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
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employed a rating scheme using criteria proposed by Terwee 
et al (16) as modified by Dobson et al (17).

Although not rated using the 4- point scale, COSMIN report-
ing also includes standardized abstraction of items relating to the 
interpretability of the measurement property (including percentage 
of missing items and handling of missing items, adequate sam-
ple size, floor and ceiling effects, and minimum important change 
or minimum important difference) and the generalizability of the 
study (including population characteristics and study setting) (16).

Level of evidence. We provided the level of evidence for 
each individual FSAM psychometric property, considering all 
studies evaluating each property and their result using criteria 
proposed by Hendrikx et al (18) (Table 1). Each RA FSAM psy-
chometric property received a level of evidence rating of strong 
(+++ or −  −  − ), moderate (++ or −  − ), limited (+ or − ), conflicting 
(±), or unknown (?) (Table 2). Three authors (CEHB, JZ, and VB) 
defined the level of evidence, with disagreements settled by a 

fourth author (KM).

Feasibility. Although evaluating the administration feasi-
bility of FSAMs is not part of COSMIN, the workgroup agreed it 
is integral to making a recommendation for routine clinical use. 
An overall feasibility assessment for each FSAM was based on 
the following criteria: number of questions, whether computer- 
based administration was required, and associated costs or use 
licenses. The overall feasibility was scored as very feasible = 
+++, moderately feasible = ++, feasible = +, and not feasible = − .

Selection process. Ten workgroup members identified 
and selected by the ACR Quality Measures Subcommittee 
Chairs, including clinicians and researchers with expertise in 
functional status measurement and an ACR Quality Measures 
Subcommittee Liaison (see Supplementary Appendix A, available 
on the Arthritis Care & Research web site at http://onlin elibr ary. 

wiley.com/doi/10.1002/acr.24040/ abstract) participated in a 
modified Delphi process to provide recommendations for the 
routine use of each FSAM. Only FSAMs with an overall assess-
ment of adequate psychometric properties and feasibility (a rat-
ing of at least + on both) were reviewed. Members were given 
the study protocol and systematic review, including all COSMIN 
ratings and overall assessments. Prior to proceeding, members 
rated their comfort level with the study protocol and transpar-
ency, including the proposed modified Delphi process. During 
each of 3 rounds of the modified Delphi process, members rated 
each FSAM for ACR recommendation on a scale of 1 to 9 (where 
1 = not recommended and 9 = essential to have). Following each 
round, members reviewed the results prior to re- rating. Following 
Round 2, workgroup members participated in a conference call 
to review and discuss the voting results, followed by a final round 
of voting. FSAMs were recommended if >80% of members (all 
but 1 member) rated the FSAM in the 7–9 range and excluded 
if >80% of ratings were in the 1–3 range, following best prac-
tices (19). FSAMs not achieving recommendation for inclusion 
or exclusion were deemed inconclusive. FSAMs deemed incon-
clusive at the end of voting remained on the list of measures 
fulfilling the minimum standard. The ACR Quality Measures Sub-
committee reviewed these recommendations in parallel with the 
recommendations on functional status assessment, modifying 
as necessary based upon the goal of identifying preferred tools 
for regular use in most clinic settings, before voting. The ACR 
Quality of Care Committee and ACR Board of Directors reviewed 
and approved this article prior to publication.

RESULTS

A total of 11,835 articles underwent title and abstract screen-
ing; of those, 649 were eligible for full text review during which 
571 articles were excluded (Figure 1). We identified 3 additional 
articles through hand searches, resulting in 81 included articles. 
After excluding 25 articles that were not based on the HAQ or 
PROMIS, 56 were subjected to COSMIN review, including 48 on 
HAQ- derived and 8 on PROMIS- derived instruments.

Patient- reported FSAMs. FSAMs ranged from simple 
visual analog scales to questionnaires with over 100 items (see 
Supplementary Appendix A, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24040/ abstract). We excluded 19 FSAMs that had ≤3 RA- 
relevant publications and/or were rarely used in the US. The HAQ 
DI, 3 additional HAQ- derived measures (the modified HAQ [M- 
HAQ], MDHAQ, and HAQ- II), two PROMIS static forms (the phys-
ical function 10- item and 20- item [PF10a and PF20a]), and the 
PROMIS physical function Computer Adaptative Test (PF CAT) 
underwent COSMIN evaluation. Characteristics of included stud-
ies are shown in Supplementary Appendix A, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract.

Table  1. Rating the levels of evidence for the Functional Status 
Assessment Measures*

Level Rating Criteria
Strong +++ or – – – Consistent findings in multiple studies 

of good (methodologic) quality
OR
in one study of excellent quality

Moderate ++ or – – Consistent findings in multiple studies 
of fair methodologic quality

OR
in one study of good methodologic 

quality
Limited + or – One study of fair methodologic 

quality
Conflicting ± Conflicting findings
Unknown ? Only studies of poor methodologic 

quality
No evidence 0 No studies

* Positive result = +; negative result = − . Based on ref. 18. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
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Internal consistency. There was moderate evidence 
for all HAQ- derived measures and the PROMIS PF CAT, 
which were the instruments with available internal consis tency 
data (Table  2 and Supplementary Appendix A, available at  

http://onl in el ibr ary.wi ley.com/doi/10.1002/acr.24040/ 
abstract). Cronbach’s alpha was the most commonly reported 
internal consistency assessment and was always acceptable  
(α = 0.70–0.95) when reported.

Table 2. Overall assessment of the psychometric properties of the evaluated Functional Status Assessment 
Measures in rheumatoid arthritis*

Psychometric properties

HAQ PROMIS

HAQ DI M- HAQ MDHAQ HAQ- II PF10a PF20a PF CAT
Internal consistency ++ ++ ++ ++ 0 0 ++
Reliability

Retest ++ ? ? 0 0 + +
Interrater ? 0 0 0 0 0 0

Measurement error ? ++ 0 0 0 0 ++
Validity

Structural +++ ++ – + 0 0 0
Criterion N/A ++ 0 + 0 0 N/A
Hypothesis testing ++ ++ ++ + ++ ++ ++
Content + 0 0 0 0 +++† 0

Responsiveness‡ ++ ++ 0 + ++ ++ ++
Interpretability +/– – + ++ ++ ++ ++
Overall assessment§ + + + ++ ++ ++ ++

* HAQ = Health Assessment Questionnaire; HAQ DI = HAQ disability index; M- HAQ = modified HAQ; MDHAQ 
= Multidimensional HAQ; PROMIS = Patient Reported Outcomes Measurement Information system; PF10a = 
PROMIS physical function 10- item form; PF20a = PROMIS physical function 20- item form; PF CAT = PROMIS 
physical function Computer Adaptive Test. 
† This study also examined content validity of the entire PROMIS item bank. 
‡ Due to substantial heterogeneity in the evaluation of responsiveness, due to a lack of a functional status 
gold standard, only the quality of the studies was considered, not the result. 
§ Overall assessment: + was assigned if the measures demonstrated adequate psychometric qualities (i.e., 
the measure is valid for use in routine clinical practice and captures functional status and can be reliably 
followed over time), ++ was assigned if, in addition, the measure had evidence of superior development 
methodology resulting in a more robust measure with improved floor/ceiling effects, and +++ was assigned if 
there was an abundance of evidence supporting a superiorly developed measure. Ratings of – were reserved 
for measures without any evidence of basic validity for use in routine clinical practice. 

Figure 1. Flow diagram depicting manuscript selection for systematic review of functional status measures. COSMIN = Consensus- Based 
Standards for the Selection of Health Measurement Instruments; FSAM = Functional Status Assessment Measure; HAQ = Health Assessment 
Questionnaire; PROMIS = Patient- Reported Outcomes Measurement; HRQoL = health- related quality of life; RA = rheumatoid arthritis; ICF = 
International Classification of Functioning.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
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Reliability. The most common type of reliability testing, 
test–retest reliability, was usually assessed by interclass correla-
tion coefficient (ICC). Reported ICCs were >0.7 for most domains 
(see Supplementary Appendix A, available at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24040/ abstract). The HAQ DI 
reached a moderate reliability due to a single good COSMIN- 
rated study. Both the M- HAQ and MDHAQ had indeterminate 
reliability ratings because of only poor- quality studies. PROMIS 
measures had very limited reliability data and achieved a limited 
reliability rating for one FSAM.

Measurement error. According to COSMIN, the preferred 
measurement error statistics for classical test theory (CTT)–based 
studies are, in order of preference, standard error of measure-
ment, limits of agreement, and smallest detectable change. 
Measurement error was only reported for the HAQ DI, M- HAQ, 
and PROMIS PF CAT, and each used a different method, which 
made comparisons challenging (see Supplementary Appendix A, 
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ 
abstract). The HAQ DI had only poor- quality studies, leading to an 
indeterminate assessment. The M- HAQ had a single fair- quality 
study that only provided 95% confidence intervals, supporting 
greater precision with an Item Response Theory (IRT)–based 
FSAM combining the SF- 36 and M- HAQ than a non- IRT based 
measure (20). IRT- based measures use an item bank with specific 
questions related to a domain of health (21,22) that are evaluated 
for their correlation with a latent trait, in this case physical function 
(23). For the PROMIS PF CAT, study methods precluded COS-
MIN rating (24). However, results of the single study showed the 
PROMIS PF CAT had higher precision than the HAQ DI, based on 
root mean square errors. No study reported minimum important 
change, which should be greater than measurement error (16).

Content validity. The COSMIN content validity checklist 
assesses whether the authors appropriately judge item rele-
vance and comprehensiveness. Very few articles explicitly evalu-
ated RA FSAM content validity (see Supplementary Appendix A, 
available on the Arthritis Care & Research web site at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract). A single, 
fair- quality article on the HAQ DI (25) yielded a limited rating. A 
study by Oude Voshaar et al (24) compared the PROMIS PF20, 
the PROMIS physical function item bank, the HAQ DI and the 
SF- 36 physical function scale to the International Classification 
of Functioning, Disability, and Health (ICF) core set (26,27) for RA. 
Their high- quality study demonstrated that the PROMIS physical 
function item bank more comprehensively reflected all areas of 
RA- related physical function according to the ICF core set.

Structural validity. COSMIN structural validity reflects 
the “degree to which the scores of an instrument are an 
adequate reflection of the dimensionality of the construct 
to be measured” (i.e., functional status) (15). Factor anal-

ysis is the preferred CTT method, while IRT methods may 
also check item dimensionality. For good FSAM structural 
validity, factors should explain at least 50% of the variance 
(17). We identified 10 studies evaluating structural validity 
for the HAQ DI, M- HAQ, MDHAQ, and HAQ- II (see Supple-
mentary Appendix A, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24040/ abstract). Not all reported the 
percentage of variance explained by the models, because 
many used IRT- based methods, making comparisons chal-
lenging. In IRT, the model fit is examined to ensure the model 
reflects the true relationship between the underlying con-
struct and the item response (28). Fit (or conversely misfit) 
of items describes the relationship between predicted and 
observed responses (28). One excellent study on the HAQ DI 
(29) yielded an overall strong weighting for structural validity 
despite lower- quality studies suggesting some misfitting HAQ 
items. We found 3 studies on M- HAQ (1 excellent, 1 fair, and 
1 poor quality). However, the results of the methodologically 
strongest M- HAQ study concluded that an IRT- based scale 
combining the M- HAQ and SF- 36 physical function scale had 
improved model fit versus the M- HAQ alone (20). The fair-  
and poor- quality studies identified misfitting M- HAQ items 
(2,30). A single, fair- quality HAQ- II study (2) demonstrated 
excellent structural validity compared to the HAQ DI, M- HAQ, 
and MDHAQ; however, limited evidence led to an overall low 
rating. The MDHAQ received a limited negative overall rating 
based upon 1 poor-  (30) and 1 fair- quality study (2), which 
concluded the MDHAQ had 3 misfitting items. No study 
reported structural validity for the PROMIS- related measures 
in RA populations.

Criterion validity. Criterion validity assesses the degree 
to which instrument scores adequately reflect a gold standard. 
While there is no gold standard for RA FSAMs, in the case of 
HAQ- derived measures, the HAQ DI is considered the gold 
standard. Criterion validity evidence was assessed for the 
M- HAQ and HAQ- II (see Supplementary Appendix A, availa-
ble at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ 
abstract). Given the fact that there were multiple studies of fair 
quality (2,31–33), the M- HAQ was assigned a moderate level of 
evidence. The HAQ- II received a limited evidence level based on 
a single fair- quality study (2).

Convergent validity. We found many instruments and 
variables assessing convergent validity between FSAMs, leading 
to heterogeneous results (see Supplementary Appendix A, avail-
able at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ 
abstract). Evidence of convergent validity was found for all 
instruments. However, the quality and number of studies var-
ied, yielding a moderate level of evidence for all FSAMs except 
for HAQ- II. With only 1 fair- quality study, the HAQ- II received a 
limited rating (2).

http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24040/abstract


BARBER ET AL 1536       |

Responsiveness. Responsiveness reflects an instru-
ment’s ability to detect change over time when true change 
has occurred. We identified responsiveness evidence for 
all FSAMs except the MDHAQ (see Supplementary Appen-
dix A, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24040/ abstract). COSMIN stipulates that hypotheses 
about expected change scores or correlations between instru-
ment change scores and changes in other variables should 
be expressed. Hypotheses about expected effect size or 
similar measures including standardized response means 
can also be used when explicit hypotheses are made. Het-
erogeneity in approach across studies made comparisons 
using our selected approach difficult. Furthermore, FSAM 
responsiveness testing used disparate comparator outcomes 
(e.g., patient’s perception of change, pain, disease activity, 
etc.). Based only on study quality (and not the results due 
to significant reporting heterogeneity), we found moderate 
evidence for the HAQ DI, HAQ- II, M- HAQ, and all PROMIS  
measures.

Floor and ceiling effects. According to the results of 
a study by Terwee et al (16), fewer than 15% of respondents 
achieve the highest or lowest possible scores in good quality 
instruments. Where evaluated, the M- HAQ had high percent-
ages of patients with the lowest scores leading to an unfavora-
ble overall rating. There was mixed information about the HAQ. 
The HAQ- II, MDHAQ, and PROMIS measures achieved moder-
ate ratings (see Supplementary Appendix A, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24040/ abstract).

Results of feasibility. While the HAQ DI, M- HAQ, 
MDHAQ, HAQ- II, and the PROMIS measures are all feasible 
because they are in current use in clinical practice, the shorter 
FSAMs (the M- HAQ, MDHAQ, HAQ- II, and PROMIS PF10a) 
received higher feasibility ratings (Table 3). The PROMIS PF CAT 
received a lower rating due to computer and proprietary soft-

ware requirements.

Delphi selection of recommended measures. The 
results from the modified Delphi process are shown in Table 4. 
The PROMIS PF10a and HAQ- II reached consensus for recom-
mended use and no FSAMs reached consensus for exclusion. 
Among FSAMs without consensus, the M- HAQ had the lowest 
mean panelist score and the MDHAQ had the highest mean 

score (3.1 and 6.6, respectively).
The ACR Quality Measures Subcommittee approved 

these 2 recommendations with only 1 modification, which was 
the additional recommendation of the MDHAQ. The MDHAQ 
was included in the measures for preferred use based upon 
Delphi rating, feasibility, current use, and strength of its inclu-
sion in the prior (11) and concurrent (34) ACR RA disease 
activity measure recommendations within the Routine Assess-
ment of Patient Index Data 3 (RAPID3), considerations beyond 
this current work that focused solely on function.

DISCUSSION

This work represents the first ACR recommendations on 
FSAMs for use in routine clinical practice in RA. It provides a sys-
tematic literature review and synthesis of the psychometric prop-
erties of widely used FSAMs as well as a modified Delphi expert 
panel process to assess the feasibility of routine clinical use. Only 
3 FSAMs were recommended: the PROMIS PF10a, HAQ- II, and 
MDHAQ. Consensus for recommendation was not reached for 
an additional 4 measures (the HAQ DI, M- HAQ, PROMIS PF20a, 
and PROMIS PF CAT). These 4 additional FSAMs will be moni-
tored for inclusion in future recommendations along with any new 
instruments. Importantly, an inconclusive recommendation when 
applied to the 4 mea sures in this article should not necessarily 
prevent these mea sures from being used. Rather, it highlights 
the fact that more information is necessary before recommend-
ing widespread use of these 4 measures over other measures.

The HAQ DI (35) is one of the oldest and most widely- 
used patient- reported FSAMs in rheumatology. A variety of 
adaptations of the HAQ DI were later developed to shorten the 

Table 3. Feasibility of the Functional Status Assessment Measures reviewed*

Feasibility properties

HAQ PROMIS

HAQ DI M- HAQ MDHAQ HAQ- II PF10a PF20a PF CAT
No. of questions 20† 8 10 10 10 20 Variable (~5)
Requires computer No No No No Assessment center 

scoring preferred‡
Assessment center 

scoring preferred‡
Yes§

Proprietary license for use No No No No No No Yes
Overall feasibility assessment ++ +++ +++ +++ +++ ++ +

* HAQ = Health Assessment Questionnaire; HAQ DI = HAQ disability index; M- HAQ = modified HAQ; MDHAQ = Multidimensional HAQ; 
PROMIS = Patient Reported Outcomes Measurement Information System; PF10a = PROMIS physical function 10- item form; PF20a = 
PROMIS physical function 20- item form; PF CAT = PROMIS physical function Computer Adaptive Test; +++ = very feasible; ++ = moder-
ately feasible; + = feasible; – = not feasible. 
† Requires assessment of the use of 13 assistive devices or help from others with 8 activities, and examined content validity of the 
entire PROMIS item bank. 
‡ Score conversion tables available. 
§ Assessment center pricing is available at URL: http://www.healt hmeas ures.net/resou rce-cente r/about-us/prici ng-for-services. 
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scale while maintaining or improving its original psychometric 
properties. The most commonly used adaptations include the 
M- HAQ (32), MDHAQ (36), and the HAQ- II (2). More recently, 
PROMIS measures have been developed and are widely 
used (URL: http://www.nihpr omis.org). PROMIS is a National 
Institutes of Health initiative that aims to create a more effi-
cient and precise resource for patient outcome measurement 
when compared to existing legacy instruments for use in a 
wide variety of chronic disease conditions (21). PROMIS mea-
sures evaluate physical, mental, and social health across dif-
ferent chronic conditions (37) and general population health 
(21). Although most FSAMs were developed using CTT, the 
PROMIS measures were developed using modern IRT meth-
ods. PROMIS measures are available in static short forms with 
a fixed number of questions and also as computer adaptive 
tests, which adapt to the ability level of the respondent. The 
results of all PROMIS measures are normalized to the US pop-
ulation and reported with a T score (mean ± SD 50 ± 10).

The PROMIS physical function measures evaluated in our 
study included the 10-  and 20- item static forms (the PF10a and 
PF20a) and the PROMIS PF CAT. However, only the PROMIS 
PF10a was recommended by our panelists. While the PROMIS 
physical function measures were developed using rigorous meth-
ods and tested extensively in the general population and pop-
ulations with chronic disease (22,38,39), there were few studies 
specific to patients with RA (24,40–45), impacting panelist ratings. 
Panelists concluded that the shorter 10- item instrument was likely 
more feasible for routine use in the clinic than the 20- item sur-
vey. While the adaptive PROMIS PF CAT usually requires the few-
est items, the computer and proprietary software requirements 
reduced its feasibility.

The HAQ- II is a 10- item questionnaire developed using Rasch 
analysis and IRT- based methodology. Instrument development 

was aimed at addressing 4 main issues identified with the original 
HAQ DI and its derivatives: removing misfitting items, maximizing 
scale length, eliminating items with overlapping difficulties, and 
eliminating gaps in measurement along the continuum of func-
tional status assessment (2). The resulting instrument includes 5 
items from the original HAQ DI plus 5 new items. When compared 
to the M- HAQ, MDHAQ, and HAQ DI, the HAQ- II better captures 
the disability continuum. Gaps in the measurement of disability 
were found in all scales evaluated except the HAQ- II, indicating 
that the HAQ- II has the most favorable psychometric properties of 
the HAQ- derived instruments. The HAQ- II also has the least floor 
effect among the evaluated HAQ- derived measures.

Although the HAQ DI is the legacy FSAM, and has been 
extensively tested and used worldwide, its psychometric prop-
erties when compared to the HAQ- II and the newer PROMIS 
measures were felt to be less favorable. Additionally, the length 
and relatively complex scoring of the HAQ DI led to lower panelist 
ratings.

The MDHAQ was designed as a shorter version of the 
HAQ DI and includes 10 items (all items from the M- HAQ plus 
2 additional items) (32). While the MDHAQ has greater feasibil-
ity than the original HAQ DI and more favorable psychometric 
properties compared to the M- HAQ (36), it performs less well 
when compared to the HAQ- II (2) or the PROMIS measures 
(44). A limitation in our assessment of the MDHAQ is that we 
did not evaluate the literature on the RAPID3 measure (46). 
The RAPID3 is a patient- reported disease activity tool that 
includes the MDHAQ, a measure of pain, and a patient global 
score (46). The psychometric and clinometric properties of the 
RAPID3 have been reviewed by the ACR RA Disease Activity 
Workgroup, which recommended the RAPID3 as an effective 
measure of RA disease activity. RAPID3 is also the most com-
monly collected disease activity measure in the RISE registry 

Table 4. Results from 3- round modified Delphi process for functional status assessment measures*

HAQ PROMIS

HAQ DI M- HAQ MDHAQ HAQ- II PF10a PF20a PF CAT
Round 1

Mean 6.4 5.3 5.1 6.9 7.1 6.5 5.6
Ratings† 0/6/4 3/3/4 3/4/3 1/1/8 1/0/9 1/2/7 1/5/3

Round 2 
Mean 6.4 3.6 4.4 7.1 N/A 6.6 5.3
Ratings† 1/3/6 6/3/1 5/1/4 1/0/9 N/A 1/1/8 2/6/2

Round 3
Mean 6.2 3.1 6.6 N/A N/A 6.5 5.7
Ratings† 1/4/5 6/4/0 0/3/7 N/A N/A 1/2/7 3/1/6

Final recommendation Inconclusive Inconclusive Recommended‡ Recommended Recommended Inconclusive Inconclusive
* HAQ = Health Assessment Questionnaire; HAQ DI = HAQ disability index; M- HAQ = modified HAQ; MDHAQ = Multidimensional HAQ; PROMIS 
= Patient Reported Outcomes Measurement Information system; PF10a = PROMIS physical function 10- item form; PF20a = PROMIS physical 
function 20- item form; PF CAT = PROMIS physical function Computer Adaptive Test; N/A = not applicable because measure included based on 
previous rounds of voting. 
† Ratings were reported by the number of participant votes on a 1–9 Likert scale (1–3/4–6/7–9) where 1–3 = not recommended, 4–6 = sometimes 
recommended, 7–9 = essential to have; and >80% agreement required for recommendation. 
‡ During review by the American College of Rheumatology (ACR) Quality Measures Subcommittee, the additional final recommendation of the 
MDHAQ for preferred use was based upon Delphi rating, feasibility, current use, and strength of its inclusion in the prior and concurrent ACR 
Rheumatoid Arthritis disease activity measure recommendations within the Routine Assessment of Patient Index Data 3 measure. 
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(14). Given this, we additionally recommend the MDHAQ as a 
preferred FSAM.

The 8- item M- HAQ is derived from the HAQ DI (using 1 
question from each domain) and is the shortest measure evalu-
ated (22). Although the M- HAQ is highly correlated to the HAQ 
DI (32), the M- HAQ has significant floor effects and may not be 
as sensitive to clinical changes as longer scales (2). The panel 
did not reach consensus for excluding the M- HAQ; however, it 
received the lowest scores of all the FSAMs evaluated.

Our study had a number of strengths, including the rig-
orous and transparent methodologic assessment of the mea-
sures combined with expert opinion; however, there are some 
limitations. We did not subject all FSAMs to COSMIN assess-
ment and consideration by our expert panel because it was 
felt unlikely that measures not already commonly used in the 
US would be included in our final recommendations. There-
fore, it is possible that measures with highly favorable psy-
chometric properties were not considered in generating our 
recommendations. Additionally, our review was conducted 
while only considering RA- specific data and English-language 
publications, and it is possible this limited the evidence on 
which our recommendations were based. After our system-
atic review was completed, the COSMIN group updated their 
checklist (47), and the study ratings could be different if the 
updated checklist was used. Given that the overall panelist 
ratings on the FSAMs weighed not only the psychometric 
properties as evaluated by COSMIN but also measured fea-
sibility, it is less likely that the overall outcome of the process 
would have varied greatly from our present results by using 
the updated checklist. Patients were not involved in the panel, 
given the significant methodologic expertise required for the 
project; however, this work will inform ongoing measure devel-
opment work, which includes patient partners. Lastly, given 
the paucity of psychometric data on some measures, further 
research in this area is warranted and it is possible that some 
of the recommendations may change in the future as a result 
of new findings.

In conclusion, we have presented the first ACR recom-
mendations on FSAMs for routine use in clinical practice to 
be used for the assessment of functional status in RA, based 
on a rigorous systematic review and expert panel process. 
Although we only recommend 3 FSAMs, this work should 
not preclude the use of other identified measures but rather 
encourage the use of measures with the most favorable psy-
chometric properties while highlighting the need for ongoing 
research in this area.
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2019 Update of the American College of Rheumatology 
Recommended Rheumatoid Arthritis Disease Activity 
Measures
Bryant R. England,1  Benedict K. Tiong,2 Martin J. Bergman,3 Jeffrey R. Curtis,4  Salahuddin Kazi,5  
Ted R. Mikuls,1  James R. O’Dell,1 Veena K. Ranganath,2 Alex Limanni,6 Lisa G. Suter,7 and Kaleb Michaud8

Objective. To provide updated American College of Rheumatology (ACR) recommendations on rheumatoid arthri-
tis (RA) disease activity measurements to facilitate a treat- to- target approach in routine clinical care.

Methods. A working group conducted a systematic literature review from the time of the prior ACR recom-
mendations literature search. Properties of disease activity measures were abstracted, and study quality was 
assessed using the Consensus- Based Standards for the selection of Health Measurement Instruments 4- point 
scoring method, allowing for overall level of evidence assessment. Measures that fulfilled a minimum standard 
were identified, and through a modified Delphi process preferred measures were selected for regular use in most 
clinic settings.

Results. The search identified 5,199 articles, of which 110 were included in the review. This search identified 46 
RA disease activity measures that contained patient, provider, laboratory, and/or imaging data. Descriptions of the 
measures, properties, study quality, level of evidence, and feasibility were abstracted and scored. Following a modi-
fied Delphi process, 11 measures fulfilled a minimum standard for regular use in most clinic settings, and 5 measures 
were recommended: the Disease Activity Score in 28 Joints with Erythrocyte Sedimentation Rate or C- Reactive 
Protein Level, Clinical Disease Activity Index, Simplified Disease Activity Index, Routine Assessment of Patient Index 
Data 3, and Patient Activity Scale- II.

Conclusion. We have updated prior ACR recommendations for preferred RA disease activity measures, identify-
ing 11 measures that met a minimum standard for regular use and 5 measures that were preferred for regular use in 
most clinic settings.
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INTRODUCTION

A treat- to- target strategy in rheumatoid arthritis (RA) was 
recommended in the 2015 American College of Rheumatology 
(ACR) RA Treatment Guidelines (1). In order to adhere to these 
recommendations, regular RA disease activity assessments must 
be made during routine care. Although the severity of chronic dis-
eases such as diabetes mellitus or hypertension can be directly 
measured, no equivalent measurement exists in RA. Numerous RA 
disease activity measures have been proposed for this purpose, 
most incorporating data gathered from a combination of sources, 
including patient-reported measures, provider assessments, lab-
oratory values, and/or imaging modalities. These measures may 
vary in terms of their performance (e.g., validity, reliability, respon-
siveness) and feasibility for regular use.

Recognizing the challenge that clinicians face selecting a dis-
ease activity measure due to multiple options and varying perfor-
mance, the ACR convened a working group in 2008 to review the 
literature and provide recommendations on which RA disease activ-
ity measures were best suited for regular use (2). RA disease activ-
ity measures were identified through a literature review (3), which 
were then narrowed by an expert advisory panel. Recommenda-
tions were drafted after psychometric properties of the measures 
were compiled and practicing rheumatologists were surveyed. This 
process resulted in the recommendation of 6 RA disease activity 
measures: the Clinical Disease Activity Index (CDAI), Disease Activ-
ity Score in 28 joints (DAS28), Patient Activity Scale (PAS), Patient 
Activity Scale II (PAS- II), Routine Assessment of Patient Index Data 
3 (RAPID3), and Simplified Disease Activity Index (SDAI) (2).

Since these original recommendations, additional RA dis-
ease activity measures have been reported, further studies char-
acterizing the performance of these and other novel measures 
have been conducted, and imaging modalities have been devel-
oped for assessment of disease activity. Therefore, an update 
to the prior recommendations for selecting an RA disease activ-
ity measure was needed, including a critical evaluation of more 
recent literature. The ACR convened a working group to update 
these prior recommendations in conjunction with a separate 
effort to provide initial recommendations on functional status 
assessment in RA. The objectives of this RA disease activity mea-
sures working group were to provide recommendations for RA 

 disease activity measures meeting a minimum standard for reg-
ular use, and preferred RA disease activity measures for  regular 
use. The former objective was added since many  measures may 
be valid, feasibility varies across different practices and health-
care systems, and providers may have experience with and be 
 comfortable using certain disease activity measures.

METHODS

Study design. A working group composed of rheumatolo-
gists and rheumatology professionals, including one rheumatol-
ogy professional diagnosed with RA, was convened by the ACR 
to update the recommended RA disease activity measures. A 
protocol was developed and agreed on by the working group 
for providing updated RA disease activity measure recommen-
dations. The recommendation process and preliminary findings 
were presented in a special session at the 2017 ACR Annual 
Scientific Meeting held in San Diego, California and were then 
opened for public comment (from patients, providers, and other 
stakeholders) following that presentation.

Updated systematic literature review. In conjunc-
tion with the assistance of a medical librarian, we updated the 
prior literature review by searching Ovid Medline, Embase, and 
Cochrane databases from January 1, 2009 to January 25, 2017 
for published original articles on RA disease activity measures 
using combinations of MeSH terms and keywords for rheuma-
toid arthritis, disease activity measures, and psychometric prop-
erties. We did not review components of composite measures 
individually as prior recommendations selected the composite 
measures over their individual components (2). A full description 
of the systematic literature review is shown in Supplementary 
Appendix 1, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24042/ abstract. 
Systematic review inclusion criteria were published articles in 
the English language reporting on a psychometric property of an 
RA disease activity measure. The exclusion criteria were reports 
limited to diseases other than RA; reports assessing only cross- 
cultural validity, radiographic damage, or a single joint area; and  
measures not providing numerical values. Titles and abstracts 
were screened in duplicate by 2 authors (BRE and BKT) for rele-
vance, followed by full text review in duplicate by 2 authors (BRE 
and BKT) to assess eligibility. Discordance after full text review 
was settled by a third- party reviewer (KM). Publications retrieved 
were reviewed to identify additional articles eligible for inclusion. 
RefWorks (ProQuest) was utilized for management of literature 
search results.

Data abstraction and study quality assessment. Study 
details and psychometric properties were abstracted and study 
quality was assessed from included studies, using the Consensus- 
Based Standards for the Selection of Health Measurement Instru-

SIGNIFICANCE & INNOVATIONS
• This is the first update to the American College of 

Rheumatology’s recommended rheumatoid arthri-
tis disease activity measures for regular clinical use.

• We used a systematic approach to identify and 
evaluate measures meeting a minimum standard 
for regular use that can be repeated in future up-
dates and provide a path for research on existing 
or new measures.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24042/abstract
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ments (COSMIN) 4- point scoring as the template (4). An abstraction 
tool was developed and was piloted iteratively for data collection, 
then applied to the studies by an abstractor (BRE or BKT). To ensure 
abstraction consistency and quality, regular meetings occurred 
between the abstractors during the abstraction process.

Items abstracted from studies included those pertaining to 
the publication (author, year, journal), study (patient characteris-
tics, sample size, setting, patient selection), disease activity mea-
sures (measures included, score distributions), and psychometric 
properties. Psychometric properties abstracted were internal con-
sistency, reliability, measurement error, content validity, structural 
validity, hypotheses testing, and responsiveness (COSMIN proper-
ties [4,5]). Criterion validity was not abstracted because consider-
ing a distinct RA disease activity measure a “gold- standard” would 
bias recommendations. Rather, studies reporting criterion validity 
were abstracted as hypothesis testing (i.e., convergent validity).

Study quality assessment for each psychometric property 
was assessed using the COSMIN checklist with a 4- point scale 
(4). Using this method, each psychometric property reported in 
each study received a quality rating of excellent, good, fair, or 
poor. The score assigned to each property in each study repre-
sented the lowest score of all the criteria for that property.

Level of evidence. Abstracted data on psychometric 
properties and study quality were synthesized as others have 
previously reported (6,7). The psychometric properties for each 
RA disease activity measure received a level of evidence of 
strong (rating of +++ or -  -  - ), moderate (rating of ++ or -  - ), lim-
ited (rating of + or - ), conflicting (rating of ±), or unknown (rating 
of ?). See Supplementary Appendix 2, available on the  Arthritis 
Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24042/ abstract, for details concerning the level 
of evidence grading system. Assessments of level of evidence 
were performed in duplicate (BRE and BKT), and discordance 
was settled by a third- party reviewer (KM).

Consideration of prior literature. A literature review 
was previously performed in conjuction with the 2012 ACR RA 
Disease Activity Recommendations (3). The psychometric prop-
erties of RA disease activity measures identified in the prior review 
were extracted according to the COSMIN groupings utilized in the 
current systematic review. Additionally, we searched for psycho-
metric properties of studies not previously included in the prior 
literature review that were published before our search date. As 
study quality assessment was not part of the prior review, these 
results were not incorporated into the level of evidence grading 
with those from the current systematic review. Instead, these prior 
performance metrics were provided to the working group mem-
bers for review during the selection (i.e., voting) process.

Feasibility. Validated scoring systems for the feasibility of 
RA disease activity measures do not currently exist. We scored 

feasibility on a scale of 0 to 4 (i.e., -  to ++++) with scores ≥1 (+ to 
++++) denoting measures feasible for regular use and scores of 
4 (++++) representing the most feasible measures. The number 
of items included in the measure, time to complete, need for pro-
vider joint counts, need for laboratory testing, commercial avail-
ability, and need for advanced imaging were evaluated as part of 
the grading. All measures not commercially available or requiring 
advanced imaging (due to additional equipment, training, or con-
sultation being required) were graded as 0 (i.e., -  [not feasible for 
regular use]). Requirement of provider joint counts or laboratory 
testing both reduced the maximum score by 1 each. Consid-
eration of number of items and completion time served as final 
modifiers of the feasibility grade. (The score was reduced by 1 
if not feasibile in a routine clinic visit or by 2 if not feasible on the 
same day as the clinic visit.)

Selection process. The RA disease activity measures 
working group reviewed the literature search, abstracted data, 
level of evidence for each identified measure, prior literature for 
each measure, and feasibility scoring, as well as their own experi-
ence with these measures, to provide 2 recommendations on RA 
disease activity measures feasible for regular use in rheumatology 
clinics. First, the group identified RA disease activity measures 
meeting a minimum standard for regular use and second, the 
group selected measures with the most favorable psychometric 
properties and feasibility for preferred use.

Fulfilling the minimum standard for an RA disease activity 
measure in regular use was established by measures 1) provid-
ing a numerical value, 2) categorizing to ≥3 disease states that 
separate low, moderate, and high disease activity, 3) being fea-
sible for regular measurement in the clinic, and 4) possessing 
adequate psychometric properties. Items were considered to 
meet the minimum standard for feasibility in regular use if the 
previously mentioned feasibility score was ≥1. Psychometrics 
were considered adequate if the level of evidence suggested at 
least moderate positive results in the COSMIN area of hypothe-
sis testing plus 1 of the following: level of evidence suggesting at 
least moderate positive results in at least 1 other COSMIN area, 
level of evidence suggesting at least limited positive results in at 
least 2 COSMIN areas (one of which must be responsiveness), 
or a defined minimum important difference/minimum clinically 
important difference.

A modified Delphi process was utilized to generate the rec-
ommendations on RA disease activity measures for preferred 
use (8). Working group members and an ACR Quality Measures 
Subcommitee liason rated each measure that fulfilled the min-
imum standard on a scale of 1 to 9, where 9 = essential this 
measure be recommended for use. Ratings of 7 to 9 consti-
tuted a recommended measure for inclusion, while ratings of 4 
to 6 were inconclusive and ratings of 1 to 3 were recommended 
measures for exclusion. Measures were recommended if >80% 
of members (all but 1) rated the measure in the 7 to 9 range and 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24042/abstract
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excluded if >80% of ratings were in the 1 to 3 range, following 
best practices (9). The voting process continued iteratively to 
a maximum of 3 voting cycles, with discussion of RA disease 
activity measures not fulfilling agreement held between voting 
cycles. Measures not achieving recommendation for inclusion or 
exclusion were deemed inconclusive. Measures deemed incon-
clusive remained on the list fulfilling the minimum standard.

The ACR Quality Measures Subcommittee reviewed these rec-
ommendations in parallel with the recommendations on functional 
status assessment, modifying as necessary based upon the goal 
of identifying preferred tools for regular use in most clinic settings, 
before voting. The ACR Quality of Care Committee and ACR Board 
of Directors reviewed and approved this article prior to publication.

RESULTS

Systematic literature review and identified disease 
activity measures. Our systematic literature review identified 
5,199 articles (see Supplementary Appendix 3, available on the 

Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24042/ abstract). After screening titles, 
abstracts, and full texts, 104 articles met criteria for inclusion 
in the study. A review of the retrieved publications identified an 
additional 6 articles fulfilling eligibility criteria, resulting in a total of 
110 included studies. There was 98.2% agreement between the 
reviewers for study inclusion.

Characteristics of the individual studies are provided in 
Supplementary Appendix 4, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24042/ abstract. The majority of studies had predominantly 
female participants, with a mean age in the 6th decade. Sample 
sizes, mean DAS28 score, location, design, and selection varied 
between studies.

Our search identified 47 RA disease activity measures. 
The components, number of items, scoring method, score 
range, disease activity category cutoffs, method of adminis-
tration, and minimum important difference/minimum clinically 
important difference of each RA disease activity measure are 

Figure 1. Venn diagram depicting the major domains of data (patient reported, provider assessment, laboratory, and imaging) included in 
rheumatoid arthritis (RA) disease activity measures, which are listed in the areas from which they are derived. GAS = Global Arthritis Score; PAS 
= Patient Activity Scale; PAS-II = Patient Activity Scale-II; PDAS2 = Patient Based Disease Activity Score 2; PRO-CLARA = Patient Reported 
Clinical Arthritis Activity; RADAI = RA Disease Activity Index; RADAI-5 = RA Disease Activity Index-5; RAPID3 = Routine Assessment of Patient 
Index Data 3; RAPID4 = Routine Assessment of Patient Index Data 4; CDAI = Clinical Disease Activity Index; Pt-CDAI = Patient Derived Clinical 
Disease Activity Index; mDAS28 = Modified Disease Activity Score in 28 joints; (no APR) = mDAS28 no acute-phase reactants; RAPID5 = 
Routine Assessment of Patient Index Data 5; mCDAI = Modified Clinical Disease Activity Index; DAS = Disease Activity Score; HUPI = Hospital 
Universitario La Princesa Index; MOI-RA = Mean Overall Index for RA; PDAS1 = Patient Based Disease Activity Score 1; Pt-DAS28 = Patient 
Derived DAS 28-Joint DAS; SDAI = Simplified Disease Activity Index; Pt-SDAI = Patient Derived SDAI; mSDAI = Modified SDAI; US-DAS28 
= ultrasound-derived DAS28; US-SDAI = ultrasound-derived SDAI; ICUS = Individualized Composite Ultrasound Score; IUS = Individualized 
Ultrasound Score; OST = Optical Spectral Transmission; RAMRIS = RA Magnetic Resonance Imaging Scoring; SAMIS = Simplified RA Magnetic 
Resonance Imaging Score; SONAR = Swiss Sonography in Arthritis and Rheumatism Score; US-Aga = ultrasound sound score A & B proposed 
by Aga et al; US-6 = ultrasound 6 joint; US-7 = ultrasound 7 joint; US-8 = ultrasound 8 joint; US-12 = ultrasound 12 joint; US-14 = ultrasound 
14 joint; US-20 = ultrasound 20 joint; US-28 = ultrasound 28 joint; US-38 = ultrasound 38 joint; US-78 = ultrasound 78 joint; K/L antibody = 
kappa/lambda hybrid antibody; MBDA score = Multibiomarker Disease Activity score.
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listed in Table 1. A Venn diagram illustrating the components 
(e.g., patient reported, provider assessment, laboratory val-
ues, and imaging modalities) of the identified RA disease activ-

ity measures is shown in Figure 1.

Properties of RA disease activity measures. The indi-
vidual performance of RA disease activity measures in each study 
is provided in Supplementary Appendix 5 available on the Arthri-
tis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24042/ abstract. The study quality assessment 
using the COSMIN checklist with 4- point scale is provided in Sup-
plementary Appendix 6, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24042/ abstract. Based on both the measure 
performance and study quality, an overall level of evidence was 
generated for each psychometric property for each RA disease 
activity measure (Table 2). This process was completed in dupli-
cate with 96.6% agreement between raters in assessing the over-

all level of evidence for RA disease activity measures.
Hypothesis testing (testing hypotheses regarding relation-

ships to other instruments measuring similar constructs, i.e., 
content validity) was the most frequently assessed psychomet-
ric property. Reliability and responsiveness were also frequently 
assessed for RA disease activity measures. The CDAI, DAS28, 
Multibiomarker Disease Activity (MBDA) score, RAPID3, and SDAI 
were the most frequently studied RA disease activity measures. 
Although negative content validity was reported for the DAS28, it 
should be noted this was based on one study of excellent quality 
that showed underestimation of radiographic progression in the 
feet, i.e., joints not included in the 28- joint count (10).

Properties of RA disease activity measures from before the 
current search period were collected from the prior review (3) 
and from hand searches for measures not previously included 
(see Supplementary Appendix 7, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24042/ abstract). A full reference list of all articles identi-
fied and abstracted in the systematic literature review, as well 
as searches for earlier time periods, is shown in Supplemen-
tary Appendix 8, available at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24042/ abstract.

Feasibility of RA disease activity measures. Feasibility 
scoring of the RA disease activity measures is shown in Table 3. 
Twenty- five measures were scored to be feasible for regular use 
in most clinics. Of these measures, 11 (44%) received a score of  
4 (++++), 6 (25%) a score of 3 (+++), 5 (20%) a score of 2 (++), 

and 3 (12%) a score of 1 (+).

Recommended RA disease activity measures. 
Eleven measures fulfilled the minimum standard defined for RA 
disease activity measures for regular use (Table 4). Four meas-
ures (the CDAI, DAS28 using the erythrocyte sedimentation 

rate or C- reactive protein level [DAS28- ESR/CRP], RAPID3, 
and SDAI) were part of the prior ACR RA disease activity mea-
sure recommendations (2). Of the 7 measures not listed in the 
original recommendations, the Disease Activity Score (DAS) 
was a predecessor to the DAS28, the patient-derived DAS28 
was derived from the DAS28, and the Routine Assessment of 
Patient Index Data 5 (RAPID5) was related to the RAPID3. The 
remaining measures were the Hospital Universitario La Princ-
esa Index (HUPI), MBDA score, Rheumatoid Arthritis Disease 
Activity Index (RADAI), and RADAI- 5. Of the 36 measures not 
fulfilling the minimum standard, 27 (75%) did not categorize 
into disease activity states, 28 (78%) did not have adequate 
psychometrics, and 22 (61%) were not scored as feasible for 

regular use (Table 4).
Results of the modified Delphi voting process are shown 

in Table 5. Four measures achieved consensus for preferred 
use: the CDAI, DAS28, RAPID3, and SDAI. The CDAI (mean 
score 8.8) and SDAI (mean score 7.6) achieved consensus 
during the first round of voting, the RAPID3 (mean score 7.6) 
during the second round of voting, and the DAS28 (mean 
score 7.6) during the third round of voting. The remaining 7 
RA disease activity measures (mean score range 2.6–5.6) did 
not achieve consensus after the third round of voting and were 

deemed “inconclusive” for preferred use.
The ACR Quality Measures Subcommittee approved the 

previously mentioned recommendations with a single modifi-
cation, which was the additional recommendation of PAS- II. 
This recommendation was based upon PAS- II feasibility, cur-
rent use, strength of its inclusion in prior ACR recommenda-
tions that included evidence not captured in this current work, 
and alignment with the concurrent functional status assess-
ment project (2).

DISCUSSION

Patient outcomes in RA, including physical function, quality of 
life, and achieving remission/low disease activity, have improved 
as a result of treatment advances, including the early initiation of 
treatment, treating to target, and novel therapeutics (11,12). Crit-
ical to adhering to a treat- to- target approach is the regular inte-
gration of disease activity measurement as part of routine care, a 
practice included in ACR RA treatment guidelines (1) and selected 
as a quality measure by the Centers for Medicare and Medicaid 
Services (Quality ID #177: Rheumatoid Arthritis: Periodic Assess-
ment of Disease Activity). In this study, we have updated the initial 
ACR 2012 recommendations for RA disease activity measures (2) 
through an updated systematic literature review, RA disease activ-
ity measure performance assessment, study quality assessment, 
level of evidence synthesis, and a modified Delphi voting process. 
Five preferred RA disease activity measures for regular clinical 
use were selected: the CDAI, DAS28- ESR/CRP, PAS- II, RAPID3, 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24042/abstract
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Table 3. Feasibility of RA disease activity measures*

Measure† Items, no. Time
Provider 

joint count
Lab testing 

required
Advanced 
imaging Feasibility‡

Clinical Disease Activity Index (CDAI) 3 2–5 mins Yes No No +++
Modified CDAI (Baker) 2 5 mins Yes No No +++
Patient Derived CDAI 4 5 mins No No No ++++
Disease Activity Score (DAS) 4 10 mins Yes Yes No +
Disease Activity Score 28 Joints (DAS28- ESR/CRP) 3 or 4 5 mins + lab Yes Yes No ++
Modified DAS28 (Baker) 3 5 mins + lab Yes Yes No ++
Modified DAS28 (no acute-phase reactants, Bentley) 6 5 mins Yes No No +++
Patient Derived DAS28 4 5 mins + lab No Yes No +++
Ultrasound Derived DAS28 4 N/R No Yes Yes - 
Global Arthritis Score (GAS) 3 5 mins No No No ++++
Hospital Universitario La Princesa Index (HUPI) 4 5 mins + lab Yes Yes No ++
Individualized Ultrasound Score Up to 7 or 12 N/R No No Yes - 
Individualized Composite Ultrasound Score Up to 7 or 12 N/R No No Yes - 
Kappa/Lambda Hybrid Antibody 1 Not commercially 

available
No Yes No - 

Mean Overall Index for RA (MOI- RA) 7 10–20 mins + lab Yes Yes No +
Multi- Biomarker Disease Activity Score (MBDA, 

VECTRA)
12 Days No Yes No +

Optical Spectral Transmission (OST) 22 Not commercially 
available

No No Yes - 

Patient Activity Scale (PAS) 3 5 mins No No No ++++
Patient Activity Scale- II (PAS- II) 3 2 mins No No No ++++
Patient Based Disease Activity Score (PDAS1) 4 5–10 mins + lab No Yes No +++
Patient Based Disease Activity Score (PDAS2) 4 5–10 mins No No No ++++
Patient Reported Clinical Arthritis Activity 

(PRO- CLARA)
3 5 mins No No No ++++

Rheumatoid Arthritis Disease Activity Index (RADAI) 5 5 mins No No No ++++
Rheumatoid Arthritis Disease Activity Index 5 

(RADAI- 5)
5 30 sec to 2 mins No No No ++++

Rheumatoid Arthritis MRI Scoring (RAMRIS) 3 N/R No No Yes - 
Routine Assessment of Patient Index Data 3 (RAPID3) 3 30 sec to 2 mins No No No ++++
Routine Assessment of Patient Index Data 4 (RAPID4) 4 5–10 mins No No No ++++
Routine Assessment of Patient Index Data 5 (RAPID5) 5 5–10 mins No No No ++++
Simplified Disease Activity Index (SDAI) 5 2–5 mins + lab Yes Yes No ++
Modified SDAI (Baker) 3 5 mins + lab Yes Yes No ++
Patient Derived SDAI 5 5 mins + lab No Yes No +++
Ultrasound Derived SDAI 5 N/R No Yes Yes - 
Simplified RA MRI Score (SAMIS) 3 N/R No No Yes - 
Swiss Sonography in Arthritis and Rheumatism 

(SONAR) Score
22 20–30 mins No No Yes - 

Ultrasound 6 Joint (Perricone) 6 14 mins No No Yes - 
Ultrasound 6 Joint (Rosa) 6 5–12 mins No No Yes - 
Ultrasound 6 Joint (Kawashiri) 6 N/R No No Yes - 
Ultrasound 7 Joint (Backhaus) 7 10–20 mins No No Yes - 
Ultrasound 8 Joint (Yoshimi) 8 N/R No No Yes - 
Ultrasound 12 Joint (Naredo) 12 20–25 No No Yes - 
Ultrasound 14 Joint (Dale) 14 N/R No No Yes - 
Ultrasound 20 Joint (Dougados) 20 N/R No No Yes - 
Ultrasound 28 Joint (Dougados) 28 N/R No No Yes - 
Ultrasound 38 Joint (Dougados) 38 N/R No No Yes - 
Ultrasound 78 Joint (Hammer) 78 N/R No No Yes - 
Ultrasound Score A, B (Aga) A =18, B = 22 N/R No No Yes - 

* RA = rheumatoid arthritis; Lab = laboratory; mins = minutes; N/R = not reported; sec = seconds; MRI = magnetic resonance imaging. 
† Study references are listed in Supplementary Appendix 8, available on the Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24042/ abstract. 
‡ Feasibility was assessed by the number of items, time to complete, and the need for provider joint counts, laboratory testing, and advanced 
imaging. Feasibility was graded -  to ++++ with + to ++++ meeting minimum feasibility for regular use. Scoring was as follows: measures started 
with a score of ++++; any measure not commercially available or requiring advanced imaging was graded - ; requiring a provider joint count re-
duced feasibility by +; requiring a laboratory test reduced feasibility by +; number of items and time to completion were considered and score 
was reduced by + if not feasibile in a routine clinic visit or by ++ if not feasible on the same day as the clinic visit. 
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and SDAI. Seven additional RA disease activity mea sures that 
met a minimum standard for regular use were identified: the DAS, 
patient-derived DAS28, HUPI, MBDA score, RADAI, RADAI- 5, 
and RAPID5. Preferred measures represent those with the most 

support for their performance and feasibility as assessed by the 
working group, while those fulfilling the minimum standard have 
adequate performance and feasibility for regular use. Clinicians 
can utilize these recommendations when selecting an RA disease 

Table 4. RA disease activity measures assessment of minimum standard for regular use*

Measure† Numeric
Categorizes  
3–4 states Feasible‡

Adequate  
psychometrics§

Meet minimum 
standard

Fulfilled minimum standard
Clinical Disease Activity Index (CDAI) + + + + +
Disease Activity Score (DAS) + + + + +
Disease Activity Score 28 Joints (DAS28- ESR/CRP) + + + + +
Patient Derived DAS28 + + + + +
Hospital Universitario La Princesa Index (HUPI) + + + + +
Multi- Biomarker Disease Activity Score (MBDA score,  

VECTRA DA)
+ + + + +

Rheumatoid Arthritis Disease Activity Index (RADAI) + + + + +
Rheumatoid Arthritis Disease Activity Index 5 (RADAI- 5) + + + + +
Routine Assessment of Patient Index Data 3 (RAPID3) + + + + +
Routine Assessment of Patient Index Data 5 (RAPID5) + + + + +
Simplified Disease Activity Index (SDAI) + + + + +

Did not fulfill minimum standard
Modified CDAI (Baker) + - + - - 
Patient Derived CDAI + + + - - 
Modified DAS28 (Baker) + - + - - 
Modified DAS28 (Bentley) + - + + - 
Ultrasound Derived DAS28 + + - + - 
Global Arthritis Score (GAS) + - + + - 
Individualized Ultrasound Score + - - - - 
Individualized Composite Ultrasound Score + - - - - 
Kappa/Lambda Hybrid Antibody + - - - - 
Mean Overall Index for RA (MOI- RA) + - + - - 
Optical Spectral Transmission (OST) + - - - - 
Patient Activity Scale (PAS) + + + - - 
Patient Activity Scale- II (PAS- II) + + + - - 
Patient Based Disease Activity Score (PDAS1) + + + - - 
Patient Based Disease Activity Score (PDAS2) + + + - - 
Patient Reported Clinical Arthritis Activity (PRO- CLARA) + - + + - 
Rheumatoid Arthritis MRI Scoring (RAMRIS) + - - - - 
Routine Assessment of Patient Index Data 4 (RAPID4) + + + - - 
Modified SDAI (Baker) + - + - - 
Patient Derived SDAI + + + - - 
Ultrasound Derived SDAI + + - + - 
Simplified RA MRI Score (SAMIS) + - - - - 
Swiss Sonography in Arthritis and Rheumatism (SONAR) 

Score
+ - - + - 

Ultrasound 6 Joint (Perricone) + - - - - 
Ultrasound 6 Joint (Rosa) + - - - - 
Ultrasound 6 Joint (Kawashiri) + - - - - 
Ultrasound 7 Joint (Backhaus) + - - + - 
Ultrasound 8 Joint (Yoshimi) + - - + - 
Ultrasound 12 Joint (Naredo) + - - - - 
Ultrasound 14 Joint (Dale) + - - - - 
Ultrasound 20 Joint (Dougados) + - - - - 
Ultrasound 28 Joint (Dougados) + - - - - 
Ultrasound 38 Joint (Dougados) + - - - - 
Ultrasound 78 Joint (Hammer) + - - - - 
Ultrasound Score A, B (Aga) + - - - - 

* RA = rheumatoid arthritis; ESR = erythrocyte sedimentation rate; CRP = C- reactive protein level; MRI = magnetic resonance imaging. 
† Study references are listed in Supplementary Appendix 8, available on the Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24042/ abstract. 
‡ Measures deemed feasible if feasibility scoring was ≥1 as shown in Table 3. 
§ Measures were considered to have adequate psychometrics if the level of evidence suggested at least moderate positive results in the 
Consensus- Based Standards for the Selection of Health Measurement Instruments (COSMIN) area of hypothesis testing plus had ≥1 of the 
following: level of evidence suggesting at least moderate positive results in another COSMIN area, level of evidence suggesting at least limited 
positive results in ≥2 COSMIN areas (one of which must be responsiveness), or a defined minimum important difference/minimum clinically 
important difference. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24042/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24042/abstract
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activity measure for integration into their care for RA patients, and 
any of the 11 measures shown in Table 4 that meet the minimum 
standard reasonably satisfy quality measures for assessing RA 
disease activity.

The purpose of these recommendations was to assist clini-
cians in the care of RA patients by identifying RA disease activity 
measures and evaluating their performance and feasibility for regular 
use. These recommendations are not meant to dictate the specific 
RA disease activity measure a clinician utilizes. The working group 
recognizes that feasibility varies based on practice and provider. 
Furthermore, providers may have experience with and be comforta-
ble with specific RA disease activity measures. Therefore, we aimed 
to identify not only preferred RA disease activity measures, but 
also RA disease activity measures that met a minimum standard 
by categorizing into disease activity states, possessing adequate 
psychometric properties, and being feasible for regular clinical use. 
For providers adopting an RA disease activity measure or aiming to 
integrate disease activity measurement into care through a stand-
ardized fashion (i.e., integration into the electronic health record), 
we recommend selecting a preferred RA disease activity measure 
(CDAI, DAS28-ESR/CRP, PAS- II, RAPID3, or SDAI).

In addition to not precluding the use of other RA disease 
activity measures, these recommendations importantly do not 
provide recommendations on disease activity measures in special 
circumstances. An example might include the use of musculo-
skeletal ultrasound or magnetic resonance imaging in a patient 
with a difficult or equivocal joint examination who is being con-
sidered for treatment escalation or withdrawal. There are certainly 
specific circumstances or patient populations where alternative 

disease activity assessments may be clinically indicated. Addi-
tionally, there are certain RA subpopulations where the validity of 
RA disease activity measures may vary. Disease activity scores 
including patient-reported measures are higher in patients with 
comorbid fibromyalgia (13), and disease activity scores including 
inflammatory markers are higher in obese patients (14). Providing 
recommendations for disease activity assessment in these spe-
cific situations or patient populations was beyond the scope of 
these recommendations and are left to the judgement of the treat-
ing clinician.

The preferred RA disease activity measures are largely 
unchanged from those previously recommended (2), with the dif-
ference being that the PAS was not recommended for preferred 
use in these updated recommendations. Both the PAS and PAS- II 
were infrequently studied since the time of the prior recommenda-
tions and subsequently did not satisfy the requirement of having 
demonstrated adequate psychometrics during this period. It is 
important to note that the PAS and PAS- II differ from the RAPID3 
only by the functional status component of each composite 
measure. The PAS- II contains the Health Assessment Question-
naire II (HAQ- II) (15), while PAS contains the HAQ (16) and RAPID3 
contains the Multidimensional Health Assessment Questionnaire 
(MDHAQ) (17). Assessment and recommendation of functional 
status measures in RA has been conducted in parallel, with rec-
ommendations for the use of Patient- Reported Outcomes Mea-
surement Information System Physical Function 10, MDHAQ, 
and HAQ- II. Given the overlap between PAS- II and RAPID3 as 
well as the results from the parallel functional status assessment 
project, the Quality Measures Subcommittee additionally recom-

Table 5. Summary of 3- round Delphi method with recommendations for rheumatoid arthritis disease activity measures*

Measure

Round 1 Round 2† Round 3

Final  
recommendation‡Mean

Rating 
1–3/4–6/7–9‡ Mean

No. 
1–3/4–6/7–9‡ Mean

Rating 
1–3/4–6/7–9‡

Clinical Disease Activity Index (CDAI) 8.8 0/0/10 N/A N/A N/A N/A Recommended
Simplified Disease Activity Index (SDAI) 7.6 0/1/9 N/A N/A N/A N/A Recommended
Routine Assessment of Patient Index Data 

3 (RAPID3)
7.4 0/3/7 7.6 0/1/7 N/A N/A Recommended

28- Joint Disease Activity Score (DAS28) 7.6 0/2/8 7.1 0/2/6 7.6 1/0/9 Recommended
Rheumatoid Arthritis Disease Activity 

Index- 5 (RADAI- 5)
6.1 4/2/4 5.3 2/4/2 5.6§ 2/4/3§ Inconclusive

Disease Activity Score (DAS) 5.0 3/4/3 3.8 5/2/1 4.2 4/5/1 Inconclusive
Patient Derived- DAS28 4.9 4/2/4 4.5 2/6/0 4.2 4/6/0 Inconclusive
Rheumatoid Arthritis Disease Activity 

Index (RADAI)
5.1 4/3/3 4.2 5/2/1 4.4 4/5/1 Inconclusive

Routine Assessment of Patient Index Data 
5 (RAPID5)

5.2 4/1/5 4.5 2/5/1 3.8§ 5/3/1§ Inconclusive

Multibiomarker Disease Activity (MBDA) 
score

4.2 7/1/2 3.5 5/2/1 3.2§ 7/1/1§ Inconclusive

Hospital Universitario La Princesa Index 
(HUPI)

4.0 6/1/3 3.5 5/3/0 2.6 8/2/0 Inconclusive

* N/A = not applicable; ESR = erythrocyte sedimentation rate; CRP = C- reactive protein. 
† Eight voters participated in round 2 voting. 
‡ Ratings were on a 1–9 Likert scale, where 1–3 = not recommended, 4–6 = sometimes recommended, 7–9 = essential to have, and >80% agree-
ment is required for recommendation. 
§ There was one missing vote for this score. 
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mended the PAS- II as a preferred measure. The consistency in 
the selection of preferred disease activity measures between the 
prior and current recommendations provides further support for 
these measures.

There are limitations to this effort. We conducted a sys-
tematic literature review from the time of the prior review. 
Therefore, generation of overall level of evidence from mea-
sure performance and study quality assessment was only 
able to be completed for studies since the initial review. 
Properties assessed early in measure development may not 
have been routinely re- assessed in later literature. Although 
not included into level of evidence, we synthesized data 
from the prior literature review as well as additional searches 
from before our current search period and provided these to 
working group members to inform the selection process. In 
contrast to the parallel functional status assessment recom-
mendations, which were limited to patient- reported measures, 
we assessed RA disease activity measures with several dif-
ferent components: patient reported, provider assessment, 
laboratory, and imaging. The broad nature of these compo-
nents makes selecting adequate measure performance and 
study quality assessment tools challenging. We selected the 
COSMIN checklist with 4- point scoring system to adapt for 
our study because it was designed to facilitate selection of 
health instruments in systematic reviews (18) and could be 
applied to both the RA disease activity and functional status 
assessment projects. While COSMIN was designed primarily 
for patient reported outcomes measures, it has been adapted 
beyond health- related patient-reported instruments (19,20). 
An updated COSMIN tool was developed after study incep-
tion that penalizes studies less for having smaller sample sizes 
and not reporting handling of missing data, which may affect 
the level of evidence grading (21). Finally, because there are 
no validated feasibility scoring systems for RA disease activ-
ity measures, we developed a scoring system to be used for 
this effort. Feasibility is inherently subjective based on varying 
viewpoints of different providers and practice types; therefore, 
we focused our feasibility scoring on identifying measures that 
could be regularly used by the majority of providers and prac-
tice types. As adoption of, and training in, the advanced imag-
ing modalities continues to increase, the feasibility will need 
to be re- assessed in future efforts (22). While advanced imag-
ing modalities were all deemed not feasible for regular use, all 
measures solely based on advanced imaging also did not fulfill 
the minimum standard by the absence of categorizing into 3 to 
4 disease activity states.

There are several strengths to this effort. The working group 
was composed of content experts and practicing rheumatologists. 
The process and preliminary results were presented at the 2017 
ACR Annual Scientific Meeting and underwent public comment. A 
systematic literature review with duplicate screening of articles for 
inclusion and standardized data abstraction was performed. Study 

quality was assessed using a standardized approach with a widely 
accepted tool and combined with the performance of RA disease 
activity measures to generate an overall level of evidence. A modi-
fied Delphi process was used to obtain final recommendations and 
incorporated the prior literature search as well as additional hand 
searches over the period before the current literature review.

In conclusion, we updated prior ACR recommendations for 
RA disease activity measures, providing recommendations for 
both measures that meet a minimum standard for regular use and 
preferred measures for regular use, specificially the CDAI, DAS28- 
ESR/CRP, PAS- II, RAPID3, and SDAI. These recommendations 
can assist clinicians with adhering to a treat- to- target approach 
for the management of RA but should not be interpreted as dictat-
ing the “proper” measure to be used in individual circumstances 
or clinical practices. As additional measures are developed and 
performance of measures is further characterized, these recom-
mendations should again be evaluated.
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Objective. The implementation of value- based health care in inflammatory arthritis requires a standardized set of 
modifiable outcomes and risk- adjustment variables that is feasible to implement worldwide.

Methods. The International Consortium for Health Outcomes Measurement (ICHOM) assembled a multi disciplinary 
working group that consisted of 24 experts from 6 continents, including 6 patient representatives, to develop a stand-
ard set of outcomes for inflammatory arthritis. The process followed a structured approach, using a modified Delphi 
process to reach consensus on the following decision areas: conditions covered by the set, outcome domains, out-
come mea sures, and risk- adjustment variables. Consensus in areas 2 to 4 were supported by systematic literature 
reviews and  consultation of experts.

Results. The ICHOM Inflammatory Arthritis Standard Set covers patients with rheumatoid arthritis (RA), axial 
spondyloarthritis, psoriatic arthritis, and juvenile idiopathic arthritis (JIA). We recommend that outcomes regarding 
pain, fatigue, activity limitations, overall physical and mental health impact, work/school/housework ability and 
productivity, disease activity, and serious adverse events be collected at least annually. Validated measures for 
patient- reported outcomes were endorsed and linked to common reporting metrics. Age, sex at birth, education level, 
smoking status, comorbidities, time since diagnosis, and rheumatoid factor and anti- citrullinated protein antibody lab 
testing for RA and JIA should be collected as risk- adjustment variables.

Conclusion. We present the ICHOM inflammatory arthritis Standard Set of outcomes, which enables health care 
providers to implement the value- based health care framework and compare outcomes that are important to  patients 
with inflammatory arthritis.
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INTRODUCTION

The inflammatory arthritides are a group of systemic, 
immune- mediated rheumatic conditions, characterized by syno-
vitis or inflammation of periarticular tissues and joint damage. 
The lifetime risk of adult- onset inflammatory arthritis has been 
estimated to be ~6% of the US population (1). The availability of 
strategies to diagnose the diseases earlier, and the availability of 
biologic and targeted small molecule therapies, in combination 
with early, tightly controlled treatment strategies have led to rel-
evant improvements in outcomes for many patients over the last 
decades (2,3). However, these improvements have also resulted 
in an increased financial burden on health care systems (4,5).

The prevalence and case recognition of inflammatory arthri-
tis is expected to increase further over the next decade, particu-
larly in less economically developed countries (6). Hence, it will 
be increasingly important to optimize care and allocate available 
resources efficiently to improve or maintain quality of care. Value 
Based Healthcare (VBHC) is a framework for improving the  quality 

and efficiency of health care, in which improving value for the 
patient is the central concept (7). Value is defined as the patient 
outcomes achieved, relative to financial costs for obtaining those 
outcomes. Within this framework, value can be increased by 
improving patient outcomes or by delivering the same outcomes 
at a lower cost. Public reporting of patient outcomes by health 
care providers is proposed as a mechanism that will accelerate 
identification and adoption of high value care, through shared 
learning and promoting benchmarking of outcomes that matter 
to patients.

In order for outcomes to be comparable between different 
health care providers, exact definitions for each relevant outcome 
are required. The outcomes need to be feasible to be collected 
in a variety of health care systems, and a set of relevant risk- 
adjustment variables should be included to ensure risk- adjusted 
comparisons of outcomes between providers that serve differ-
ent patient populations. The International Consortium for Health 
Outcomes Measurement (ICHOM) initiative is working toward the 
global implementation of VBHC by developing standard sets of 
patient outcomes for a range of medical conditions (8). These 
standards are intended to be implemented in routine clinical prac-
tice and therefore complement earlier core sets and reporting 
standards intended for clinical research, including the work of the 
Outcome Measures in Rheumatology group (9).

The ICHOM process is grounded in a conceptual framework 
which distinguishes 3 hierarchically ordered tiers of outcome, 
including health status achieved/retained, the process of recov-
ery, and the sustainability of health (10). In order to select the 
most relevant outcomes, outcome measures, and risk adjustment 
variables for particular conditions, various stakeholders includ-
ing patients, physicians, policymakers and outcome experts are 
engaged in a consensus- building process that is supported by 
a systematic evaluation of the available evidence base, including 
critical evaluation of available instruments and evidence support-
ing their measurement properties. In order to further encourage 
the adoption and implementation of VBHC in rheumatology, the 

SIGNIFICANCE & INNOVATIONS
• Standards for measuring and comparing treatment 

outcomes that matter to patients with inflammato-
ry arthritis that are globally implementable are cur-
rently lacking.

• We used a modified Delphi procedure and system-
atic reviews of the literature to develop a standard 
set of outcomes that matter to patient with inflam-
matory arthritis.

• The patient-reported outcome measures we rec-
ommend for measuring pain, activity limitations, 
fatigue and assessment of overall emotional and 
physical health impact were linked to a common 
item response theory–based common metric, so 
that users of the set can select their preferred in-
strument for measuring these outcomes.
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aim of our study was to develop a globally applicable set of out-
come measures that reflect outcomes that matter to patients with 
inflammatory arthritis, for providers to track in their clinical  practice.

PATIENTS AND METHODS

Working group. A working group of outcome experts  
(n = 24) was convened by ICHOM. Working group members were 
carefully selected to ensure representation of relevant professional 
disciplines, different geographic areas, and the patient perspec-
tive. The working group included patient representatives (n = 6), 
registry leaders, and members with a professional background 
in adult and pediatric rheumatology, nursing, epidemiology, psy-
chology, rehabilitation medicine, physiotherapy, and psychomet-
rics. Working group members of all 6 inhabited continents were 
included. The efforts of the working group were guided and facili-
tated by a core project team.

Working group process. A modified Delphi approach that 
has been developed by ICHOM and was previously applied by 
ICHOM to develop standards for a number of other conditions 
(9,11–26) was used. The process involved reaching consensus 
in 4 major decision areas: determination of which inflammatory 
arthritis conditions and treatments to include in the Standard Set, 
a minimally sufficient set of outcomes relevant for each of the 
conditions, standardized definitions and time points for assessing 
these outcomes, and standardized definitions for risk- adjustment 
variables to ensure fair comparisons between health care pro-
viders who wish to implement the set. Each decision area was 
discussed during a dedicated video conference. A list of poten-
tially relevant items (i.e., conditions/domains/time points/risk- 
adjustment variables) to be included in the Standard Set, along 
with supporting evidence (see below), was prepared by the proj-
ect team preceding each meeting. These items were identified in 
a series of systematic literature reviews and/or consultation with 
external experts on the topic under consideration. A summary of 
the preparatory work was provided to working group members 
preceding each video conference. During each meeting, the items 
were discussed and expanded on or revised based on the input of 
the working group. Following each video conference, the proj ect 
team circulated a summary of the discussions and a survey that 
asked working group members to provide feedback and vote on 
each item considered for inclusion in the Standard Set. For voting 
during the final survey, a 9- point Likert scale ranging from 1 (“not 
recommended”) to 9 (“essential to have”) was used. Items were 
included in the Standard Set if they were rated ≥7 by at least 70% 
of the working group or excluded if rated ≤3 by at least 70% of the 
working group. In other cases, the result was considered incon-
clusive and the item was discussed again during the following 
video conference. The conduct and reporting of the Delphi pro-
cess followed reporting guidelines for core outcome set develop-
ment using the Delphi approach (see Supplementary Table 1, 

available on the Arthritis Care & Research web site at http://online 
libr ary.wiley.com/doi/10.1002/acr.23799/ abstract) (27).

Preselection of relevant patient outcome domains. 
Preceding the video conference on the selection of outcome 
domains, 2 separate systematic literature reviews were performed 
in December 2016 using the PubMed database, in order to iden-
tify outcomes relevant to patients for the included conditions that 
were modifiable in principle and feasible to implement. In the first 
search, we used the “Cochrane Highly Sensitive Search Strategy 
for identifying randomized trials” (28) to identify 25 recent ran-
domized trials in each of the conditions included in the Standard 
Set. For each randomized trial, we checked the relevant online 
repositories and conducted a second PubMed search using the 
name of each trial and trial registration number, in order to find 
additional publications on the same study. All outcomes assessed 
in each trial were extracted. Reports on randomized trials in lan-
guages other than English were excluded. In the second search, 
we identified reports on qualitative studies in which patients with 
1 of the relevant conditions were asked about the most impor-
tant outcomes of their disease. We included only papers in which 
an open- ended question format was used, in order to prevent 
investigator- imposed biases on the list of patient- generated out-
come domains. All outcome domains considered important by 
patients were extracted from each paper by 2 reviewers inde-
pendently. Disagreements were resolved during a consensus 
meeting with a third reviewer present. Previously published core 
set recommendations for outcome measurement in randomized 
trials were also consulted, as was the European League Against 
Rheumatism standardized data set for observational research 
(29–33). Finally, 2 patient advisory group sessions with inflam-
matory arthritis patients from the Netherlands and the US were 
organized by the project team to serve as a check on the compre-
hensiveness of the list of identified patient outcomes. The patient 
advisory group protocol was exempt from ethical review by the 
Chesapeake Institutional Review Board.

Preselection of outcome measures. All outcome mea-
sures used in any randomized trial identified in the initial systematic 
review, recommended for inclusion by working group members 
or previously endorsed by relevant consensus statements, were 
considered for inclusion. The instruments were reviewed with 
respect to outcome domains, evidence supporting psychomet-
ric properties, feasibility, licensing fees, and degree to which they 
were established in the field. In order to support this process, a 
systematic literature review was performed in May 2017 to identify 
papers that had reported on the measurement properties of 26 
potentially relevant patient- reported outcome measures (PROMs). 
The methodologic quality of the 159 identified papers was 
assessed using the Consensus- Based Standards for the Selec-
tion of Health Status Measurement Instruments (COSMIN) check-
list (34). The studies that were of high methodologic quality were 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
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then used to rate the measurement properties of the 26 PROMs, 
using quality criteria proposed by Terwee et al and the Interna-
tional Society for Quality of Life Research (35,36). Comprehen-
sibility, cost, and time needed for completion were all assessed 
to determine the feasibility of implementing specific PROMs. The 
Flesch- Kincaid grade level was calculated for the English lan-
guage version of each PROM (37), information about fees payable 
for use of the instrument was retrieved from the copyright owner’s 
website when applicable, and information on time to complete 
was retrieved from a previous series of reviews (38).

Preselection of risk- adjustment variables. A prelimi-
nary list of risk- adjustment variables was extracted from published 
reviews on risk factors and validated risk models. Previously 
published ICHOM Standard Sets were reviewed for definitions of 
demographic and socioeconomic variables.

External validation by health professionals and 
patient experts. After proceeding through all of the Delphi 
rounds, the preliminary Standard Set was made available and 
sent to various stakeholders for review (www.ichom.org). A patient 
survey was distributed through national patient organizations and 
the networks of the project team and working group members. 
Patients were asked to rate the importance of each outcome 
using a 9- point Likert scale ranging from “1 = not at all relevant” 
to “9 = essential,” and were given the opportunity to suggest 
additional outcomes. Health professionals were recruited via the 

professional networks of the working group members and project 
team. Health professionals were asked to rate the relevance of 
each domain, provide feedback on feasibility of implementation of 
the Standard Set in clinical practice, and rate the appropriateness 
of the risk- adjustment variables and time points for assessment.

RESULTS

Scope. At the start, it was recognized by the working group 
that the same treatment goals and longitudinal outcomes (pain, 
physical function, fatigue) are relevant to most types of inflamma-
tory arthritis. The ICHOM Inflammatory Arthritis Standard Set was 
therefore designed to evaluate treatment outcomes of patients 
with rheumatoid arthritis (RA), axial spondyloarthritis (SpA) and 
psoriatic arthritis (PsA), as well as juvenile idiopathic arthritis (JIA), 
and applies to all treatments for these conditions, including medi-
cation, surgery, and physical and occupational therapies. All work-
ing group members voted to include RA, axial SpA, and PsA, and 
82% voted to include JIA. The inclusion of gout (59% voted to 
include initially), connective tissue diseases (41%) and vasculitis 
(36%) was also considered, especially as few outcome recom-
mendations are available for the latter 2 conditions. However, after 
revisiting this topic at a subsequent meeting, it was decided that 
their inclusion might lead to a generic set of outcomes, which 
might insufficiently capture the outcomes that matter to patients 
with individual conditions, due to the variety of disease manifesta-
tions and disease courses.

Table 1. Final list of outcomes considered for inclusion in ICHOM IA set*

Outcome

Qualitative studies 
in which outcome 
was reported as 

impor tant disease 
outcome

No. of IA condi-
tions for which 

outcome is 
included in clinical 

trial core set

No. of IA conditions 
for which outcome 

was measured in ≥1 
clinical trial, but not 

in core set

Working group 
members 
voted for  

inclusion (%)
Pain 27 (96) 3 1 100
Physical function 26 (93) 4 NA 100
Adverse events 11 (39) 0 4 95
Fatigue 23 (82) 2 2 90
Work/school ability and 

productivity
14 (50) 0 3 90

Overall physical and mental 
health impact

NA 4 NA 86

Inflammatory disease activity 6 (21) 4 NA 84
Participation restrictions 18 (64) 0 0 55
Joint damage 7 (25) 2 1 45
Mortality 1 (4) 0 0 40
Psychological well- being 22 (79) 0 0 35
Sleep 10 (36) 0 2 35
Coping & self- management 16 (57) 0 0 33
Financial impact 3 (11) 0 0 25
Joint stiffness 15 (54) 0 4 20
Joint range of motion 0 (0) 1 0 15
Physical appearance 7 (25) 0 0 10
Sexual functioning 8 (29) 0 0 10
Cognitive functioning 5 (18) 0 0 5
Fever 0 (0) 0 1 0

* Values are the number (%) unless indicated otherwise. ICHOM = The International Consortium for Health Outcome Mea-
surement; IA = inflammatory arthritis; NA = not applicable.

http://www.ichom.org
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Outcome domains. Twenty- four outcome domains 
were initially identified in the 130 randomized trial reports and 
28 qualitative studies that were identified in the systematic liter-
ature reviews (references available upon request from the cor-
responding author). This list was expanded upon and refined 
several times based on group discussions with working group 
members. The final consolidated list of outcomes is presented in 
Table 1, together with a summary of both systematic reviews and 
the final voting results. The list of outcome domains assessed 
in randomized trials and their rank ordering reflects a prefer-
ence in trials for clinical measures of disease manifestations and 
patient- reported outcomes of symptoms and their direct impact 
on functioning. The list and rank ordering of patient- generated 
outcome domains, on the other hand, somewhat deemphasized 
the importance of outcome measures that reflect the patho-
physiology of the specific disease and included a wider variety 
of outcomes that reflect the different ways arthritis impacts the 
daily lives of patients. Besides PROMs of symptoms and basic 
functioning, the patient- generated list also included more generic 
outcomes, such as overall psychological well- being and partici-
pation restrictions. To characterize the core symptoms and their 
direct effect on functioning from the patient perspective, the work-
ing group recommends that providers assess pain, fatigue, and 
activity limitations (i.e., physical function). These were the most 
frequently used outcome domains in randomized trials and were 
reported as important by patients in almost all of the reviewed 
qualitative studies. These outcome domains were also the most 
frequently endorsed domains in the individual core sets for ran-
domized trials of the respective conditions. In order to assess 
the impact of inflammatory arthritis on the daily lives of patients 
more broadly, the working group recommends an assessment of 
overall emotional and physical health impact, and work/school/
housework productivity. Participation restrictions other than work 
or school productivity were also considered important. However, 
this domain was eventually excluded because of significant over-
lap with other included domains, and because experience with 

available measurement instruments is currently limited.
Assessments of inflammatory disease activity and thera-

peutic response are further recommended as measures of dis-
ease control, because the absence of signs and symptoms of 
disease is the primary treatment target for inflammatory arthri-
tis and disease activity was considered the main determinant 
of overall impact of disease. Finally, adverse events should be 
recorded as a measure of disutility of care.

Outcome measures. The list of recommended PROMs is 
shown in Table 2. Supplementary Appendix 1 provides an over-
view of characteristics and ratings assigned to the  measurement 
properties of these PROMs and includes an overview of the cri-
teria used for assigning ratings (available online on the Arthritis  
Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23799/ abstract).

The working group agreed that a key property was feasi-
bility in different settings globally. Therefore, instruments with 
a large number of items, or that could not be hand- scored 
were avoided. All endorsed PROMs are available in multiple 
languages and for each outcome domain, at least 1 PROM 
is recommended that was judged to have sufficient evidence 
supporting its measurement properties, based on the results 
of the systematic review. On the other hand, some instruments 
were included that do not (yet) meet psychometric standards 
of the COSMIN checklist. Several Patient- Reported Outcomes 
Measurement Information System (PROMIS) measures were 
included so that experience with innovative Item Response 
Theory (IRT)–based measures could accumulate. The RA 
and PsA impact of disease scores and the Assessment of  
SpondyloArthritis international Society (ASAS Health index) 
were recommended because these are patient/International 
Classification of Functioning, Disability, and Health–derived 
composite scores that assess the important domains of impact 
of RA and PSA, and axial SpA, respectively. An overview of the 
various measures that are recommended by the clinical guide-
lines issued by various national and international rheumatology 
societies is provided (see Supplementary Table 2, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23799/ abstract. For each of the 
ICHOM outcome domains, the endorsed outcome measures 
are congruent with the various guidelines. Users of the Stan-
dard Set may select preferred instruments to assess each out-
come from the list of endorsed PROMs presented in Table 2. 
The shortest recommended combination of PROMs to assess 
all outcome domains is the numerical rating scale/visual analog 
scale (VAS) to measure fatigue, overall emotional and physical 
health impact, and pain; the Work Productivity and Activity 
Impairment questionnaire to measure work/school/housework 
ability and productivity; and the Health Assessment Ques-
tionnaire II to measure activity limitations. This combination of 
PROMs is free to use for all users and totals 19 questions, 
which most patients should be able to fill out in 5 minutes. 
The endorsed PROMs of pain, fatigue, overall well- being, and 
activity limitations have been linked to a common reporting 
metric, such that outcomes can be compared between pro-
viders that have used different instruments (39). Linked scores 
for benchmarking outcomes using any of the recommended 
instruments of the Standard Set can be obtained from www.
tihea lthca re.nl/en/exper tise/common-metrics.

In order to track disease activity and therapeutic response, 
it is proposed that major evidence- based guidelines are followed 
(40,41). Patients and health care providers should specify target 
disease activity levels for individual patients (preferably remis-
sion; if not, feasible low disease activity) and assess at each 
visit whether this target was achieved. Disease activity should 
be monitored using a validated and internationally recognized 
clinical composite score.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
http://www.tihealthcare.nl/en/expertise/common-metrics
http://www.tihealthcare.nl/en/expertise/common-metrics
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Risk- adjustment variables. Most risk- adjustment vari-
ables included in the set (Table 3) apply to all patients, and care 
was taken to include risk- adjustment variables that are relevant 
and applicable in a variety of health care systems. Year of birth 
and sex were included as demographic variables. Education 
level was ultimately chosen as the only indirect measure of 
social economic status (SES). Other SES- related variables were 

 considered important, but difficult to collect, due to restrictions on 
recording race/ethnicity in some countries, area- based measure 
of SES possibly being unavailable for each country, and patients 
potentially feeling reluctant to report on their income/wealth. For 
baseline status indicators, we included smoking status, comor-
bidities, diagnosis, time since diagnosis, and rheumatoid fac-
tor and anti–cyclic citrullinated protein antibody for RA and JIA. 

Table 2. Overview of measures endorsed for assessing patient- reported outcomes included in ICHOM IA Standard Set*

Outcome, endorsed  
instruments Construct validity Reliability Responsiveness

Flesch- Kincaid 
grade level†

Pain
NRS/VAS >1 >1 >1 7
SF- 36 bodily pain >1 >1 >1 8
PROMIS Short 0 0 1 6

Form v1.0– Pain 
Interference 8a

PedsQL aches and pain‡ 0 1 0 0
Fatigue

BRAF- MD 1 >1 1 5
FACIT- F 1 >1 >1 3
NRS/VAS >1 1 >1 8
PROMIS Short Form 0 0 1§ 5

v1.0– Fatigue 8a
PedsQL 4.0 fatigue‡ 0 1 0 0

Activity limitations
HAQ DI >1 >1 >1 3
HAQ- II 1 >1 0 4
MHAQ 1 >1 >1 3
PROMIS Short Form 1 0 ¶ 4

v2.0 – Physical 
Function 10a

MDHAQ score 1 >1 1 3
BASFI 0 >1 >1 7
C- HAQ 1 >1 >1 4
JAMAR 0 0 0 2

Health impact
PROMIS global health 0 0 0 8
EQ- 5D# >1** >1 >1 6
SF- 6D 1 >1 >1 9
RAID (for RA) 0 >1 1 10
PSAID (for PsA) 0 >1 1 12
ASAS Health Index 1 >1 0 6
Patient/parent global assessment 

(NRS or VAS)
0 >1 >1 7

Work/school/ housework ability 
and productivity, WPAI

1 1 1 8

* Values are the number of studies of good methodologic quality that noted favorable properties, unless indicated oth-
erwise. ICHOM = International Consortium for Health Outcome Measurement; IA = inflammatory arthritis; NRS = numer-
ical rating scale; VAS = visual analog scale; SF- 36 = Short Form 36 Health Survey; PROMIS = Patient- Reported Outcome 
Measurement Information System; PedsQL = Pediatric Quality of Life Inventory; BRAF- MD = Bristol Rheumatoid Arthritis 
Fatigue Multidimensional Questionnaire; FACIT- F = Functional Assessment of Chronic Illness Therapy- Fatigue; HAQ DI; 
Health Assessment Questionnaire Disability Index; MHAQ = Modified Health Assessment Questionnaire Disability Index; 
MDHAQ = Multidimensional Health Assessment Questionnaire; BASFI = Bath Ankylosing Spondylitis Functional Activity 
Index; C- HAQ = Childhood Health Assessment Questionnaire; JAMAR = The Juvenile Arthritis Multidimensional Assessment 
Report; EQ- 5D = EuroQol 5 dimensions; SF- 6D = Medical Outcome Study Short Form 6D; RAID = Rheumatoid Arthritis 
Impact of Disease; RA = rheumatoid arthritis; PSAID = Psoriatic Arthritis Impact of Disease; PsA = psoriatic arthritis; ASAS =  
Assessment of SpondyloArthritis international Society; WPAI =Work Productivity and Activity Impairment Questionnaire. 
† Estimated using the Flesch- Kincaid grade level statistic. 
‡ Instrument is intended for pediatric populations. 
§ Unfavorable properties according to 1 study with good methodologic quality. 
¶ Mixed findings in studies of good methodologic quality. 
# Including EQ- 5D- Y for pediatric patients. 
** Unfavorable properties according >1 study of good methodologic quality. 
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HLA–B27 was excluded since it is not routinely collected in the 
health care system. Comorbidities should be assessed using 
the Rheumatic Disease Comorbidities Index (42), modified to 
include central sensitization to pain (e.g., fibromyalgia) and obe-
sity. In order to avoid misclassification of early symptoms that 
may or may not reflect those specific to the inflammatory arthritis 
diagnosis of interest, we elected to include time since diagnosis 

rather than time since symptom onset.

Data collection time points. To allow meaningful out-
comes comparisons between health care providers, we recom-
mend that all risk- adjustment variables to be collected at the first 
assessment. All PROMs and clinical measures should also be col-
lected at the first assessment and annually thereafter. In instances 
of active disease, we recommend that the patient’s disease activity 
status be recorded at least every 6 months, but likely more fre-
quently, at the discretion of the patient and their health care pro-
vider. Adverse events should be collected at each assessment 
point after baseline. A reference guide with detailed instructions for 
implementation and exact definitions for all of the data elements 
can be downloaded (www.ICHOM.org). Finally, we stress that 
these recommendations are intended only for quality improvement 
purposes and should not be understood as more than minimally 
acceptable clinical guidelines in patients with established disease. 
Especially in patients with early disease, more frequent monitoring 
may be required.

Open review. Eighty- three health care professionals, the 
majority of which (95%) were clinician/researchers, and 630 peo-
ple living with inflammatory arthritis from the US, France, Argen-
tina, The Netherlands, and Brazil reviewed the Standard Set. All 
outcomes included in the ICHOM Inflammatory Arthritis Set were 
considered very relevant by patients and health care profession-
als (Figure 1). Similar to the results of the systematic reviews that 
were used for identifying outcome domains, patients considered 

clinical measures slightly less relevant compared with the patient- 
reported outcomes. A large majority of patients (81.3%) felt that 
the set comprehensively covers all the relevant outcome domains 
of their disease. The health care professionals predominantly 
shared this view. Only 3 outcomes were suggested to be miss-
ing by >1 reviewer: financial impact (n = 2), joint damage (n = 2), 
and patient satisfaction (n = 3). Psychological well- being (12.6%) 
and participation restrictions (5.4%) were the only outcomes that 
were reported as missing from the set by >2% of patient reviewers 
(see Supplementary Appendix 1, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23799/ abstract). The included risk- adjustment variables were 
rated very relevant by 91.8% of health professionals.

DISCUSSION

We present a standard set of outcomes for inflammatory 
arthritis that health care providers worldwide can use in routine 
clinical care to help quantify the value provided for patients in dif-
ferent centers, countries, and health care systems. This Standard 
Set was developed through consensus of an international work-
ing group with expertise across a range of disciplines relevant to 
outcome assessment and care for patients with inflammatory 
arthritis. We used a multiple methods approach, in which exten-
sive patient input as well as published qualitative and quantitative 
data were used to develop a minimally sufficient set of outcomes 
that we believe represents outcomes that matter to patients with 
inflammatory arthritis. We also proposed time points for data 
collection and relevant risk- adjustment variables to enable com-
parisons between providers with different patient populations. 
Feasibility of implementation in different health care systems was 
a central priority. Therefore, we included PROMs that are not only 
widely accepted measures of the respective domains but that are 
also available in multiple translations, and for each outcome there 
is at least 1 PROM free to use. However, for the use of several 

Table 3. Case- mix variables*

Variable Definition (response options) Timing† Data source
Age Year of birth Baseline Patient
Sex Sex at birth (Female/male) Baseline Patient
Smoking status Never/former /current Baseline Patient
Education level Highest attained education 

ISED classification (none/primary/secondary/tertiary)
Baseline Patient

Comorbidities Present/absent/unknown: chronic lung disease, 
myocardial infarction, other heart disease, stroke, 
hypertension, diabetes mellitus, fracture, 
 depression, ulcer or stomach problem, cancer, 
central sensitization to pain, obesity (i.e., BMI ≥30)

Baseline Clinical

Diagnosis Physician reported diagnosis (RA/SpA/PsA/JIA) Baseline and annually Clinical
Disease duration Year of diagnosis Baseline Clinical
Immunologic‡ Rheumatoid factor and ACPA positivity (yes/no) Baseline Clinical

* ISED = Institute for the Study of Education and Human Development; BMI = body mass index; RA = rheumatoid arthri-
tis; SpA = spondyloarthritis; PsA = psoriatic arthritis; JIA = juvenile idiopathic arthritis; ACPA = anti- citrullinated protein 
antibody. 
† Baseline defined as first measurement for patient. 
‡ Only for RA and JIA. 

http://www.ICHOM.org
http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23799/abstract
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instruments, including the Pediatric Quality of Life Inventory, the 
Medical Outcome Study Short Form 6D, Functional Assessment 
of Chronic Illness Therapy (FACIT), and EuroQol 5- domain license 
fees may apply. Patient- Reported Outcomes Measurement Infor-
mation System (PROMIS) has also introduced financial charges 
for the use of some of their products, including their computerized 
adaptive tests. Using the PROMIS Assessment Centre platform 
will incur a $5,000 USD charge per study per year.

One of the challenges faced with international standardiza-
tion of patient outcomes data collection is that a variety of well vali-
dated and frequently used PROMs are typically available to assess 
the different patient outcomes. The working group for the ICHOM 
Depression & Anxiety and Chronic Kidney Disease Standard Sets 
previously responded to this challenge by endorsing PROMs that 
can be mapped to the PROMIS metric, using resources provided 
by the PROMIS PROsetta project (43,44). This way, users of these 
sets use 1 PROM for each domain, but results can be scored on 
the PROMIS metric. In the work on the ICHOM inflammatory arthri-
tis Standard Set presented here, this is taken one step further, by 
linking multiple PROMs to an IRT- based common reporting metric 
(39). This makes it easier for new or ongoing data collection ini-
tiatives to contribute their data, since it allows users of the ICHOM 
inflammatory arthritis set to choose 1 instrument from a number 
of alternatives for each domain. Provided that 1 of the endorsed 
instruments (Table  2) is collected, outcomes can be compared 
with those from other health care providers who use the ICHOM 
Standard Set. For example, outcomes assessed using the VAS 
scale for fatigue can be directly compared with outcomes of a 
different group of patients assessed using the FACIT–Fatigue sub-
scale. In principle, PROMs could be added to and removed from 

the list of endorsed instruments, without affecting comparability of 
the outcomes. The ICHOM list of recommended PROMs overlaps 
significantly with current clinical guidelines. Moreover, the results 
of 2 systematic reviews of various national RA patients’ registries 
show that the majority of the PROMs that are currently collected in 
the reviewed registries are also included in the ICHOM Inflamma-
tory Arthritis Standard Set. The IRT approach also allows each of 
the ICHOM inflammatory arthritis outcomes to be assessed using 
computerized adaptive tests, which would help achieve optimally 
precise scores with minimal numbers of questions (45,46).

Since the ICHOM Inflammatory Arthritis Standard Set is 
intended to reflect outcomes that are important to patients, 
the extensive input from patients is a strength of this work. We 
included 6 patient representatives in the working group, derived 
the list of outcomes from published qualitative studies in which 
patients reported outcomes that matter to them, organized 
2 patient advisory group sessions with patients that were not 
included in the working group to review the final list of outcomes 
to be voted on by working group members, and the final version 
of the Stan dard Set was reviewed by 630 patients from various 
countries. The inclusion of working group members with diverse 
geographic and professional backgrounds is also a strength.

We do, however, acknowledge that different results might 
have been obtained had other working group members been 
selected. We also realize that it may prove challenging to col-
lect all the requested information for all health care providers 
at all time points. In particular, inflammatory disease activity 
may prove logistically challenging to track in some health care 
systems, as it requires clinical assessment of joint involvement 
and, in some cases, laboratory assessments. In such situa-

Figure 1. Relevance of outcomes included in The International Consortium for Health Outcome Measurement inflammatory arthritis set according 
to patient and health professional open review. WSPHA = Work/School/Household productivity and ability; NRS = numerical rating scale.
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tions, we would encourage users of the set to at least monitor 
the PROMs. All patient- reported outcomes can be collected 
using a minimum of 20 items, which could be further reduced 
using computerized adaptive testing or targeted short forms. 
Finally, we acknowledge that the value of the ICHOM Inflamma-
tory Arthritis Standard Set has not yet been proven in practice. 
ICHOM aims to partner with several interested institutions to 
pilot test the Standard Set. Furthermore, a steering committee 
has been established that will periodically review the Standard 
Set, including lessons learned from the pilot phase and other 
applications of the set. This will include, but will not be limited 
to, reviewing PROMs that are endorsed in the Inflammatory 
Arthritis Standard Set, the ease in accessing and monitoring 
these PROMs, and the outcomes related to personal goals 
that individual patients identify.

In summary, we propose a standard set of outcomes for 
patients with inflammatory arthritis that providers of care for 
patients with inflammatory arthritis can track to facilitate the 
global reporting of outcome data and shared learning. A detailed 
reference guide is available (www.ichom.org).
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Patient- Reported Outcome Data From an Early Rheumatoid 
Arthritis Trial: Opportunities for Broadening the Scope of 
Treating to Target
Kristien Van der Elst,1 Patrick Verschueren,1 Veerle Stouten,2 Sofia Pazmino,2 An De Groef,2 Diederik De Cock,2 
Johan Joly,3 Philip Moons,4 and René Westhovens1

Objective. Treating early, intensively, and to target leads to rapid disease control, preventing joint damage and 
loss of function in early rheumatoid arthritis (RA). We report the effect of such an approach on patient- reported out-
comes and explore the contribution of rapid and persistent disease control to well- being after 1 year of treatment.

Methods. This study is part of the Care in Early RA trial, a prospective, 2- year, investigator- initiated, randomized 
controlled trial rooted in daily practice and implementing the treat- to- target principle. Short Form 36 (SF- 36) health 
survey and Revised Illness Perception Questionnaire (IPQ- R) data were collected prospectively. We defined 4 clinical 
response profiles based on speed and consistency of the treatment response within the first year, defined as the 
Disease Activity Score in 28 joints using the C- reactive protein level <2.6. Linear regression analyses including these 
response profiles and treatment type were constructed to predict the SF- 36 dimensions of vitality, social functioning, 
role emotional, and mental health, and the IPQ- R illness perception subscales of consequences, treatment control, 
and illness coherence at year 1.

Results. A total of 333 patients were available for the main analyses, including 140 early persistent responders. 
Variation in each of the psychosocial outcomes at year 1 was explained mostly by baseline values, followed by the 
clinical response profiles. Patients with an early persistent response reported significantly higher vitality, more posi-
tive beliefs about disease consequences and treatment effect. Treatment type did not matter.

Conclusion. Rapid and persistent disease control and not treatment type were associated with favorable patient- 
reported health and illness perceptions at year 1, but baseline psychosocial variables mattered most. Our data indi-
cate opportunities to broaden the scope of the treat- to- target principle in early RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease, 
traditionally described as progressive and very disabling. This view 
of an inevitably unfavorable prognosis continues to shape its pub-
lic perception (1). Today, the future for RA patients is looking much 
brighter. Aside from the growing availability of effective therapeu-
tic agents, 3 treatment principles have shaped the transformation 
toward better clinical outcomes: treating early, intensively, and 
to target (2–4). In view of the window- of- opportunity theory, the 
goal of early RA treatment is to reach remission as soon as pos-
sible, since this initial treatment response is a strong predictor of 

 long- term remission, radiographic damage, and functional capac-
ity (5,6). Pragmatic early RA trials have demonstrated that applying 
current treatment principles in a daily practice setting is effective in 
terms of these key outcomes, including the Disease Activity Score 
in 28 joints using the C- reactive protein level (DAS28- CRP) <2.6 in 
up to 70% of patients (7).

Despite good disease control at the group level, not all 
patients with early RA have a sufficient treatment response or 
enjoy a smooth trajectory toward response, though they prefer 
to return to normal as quickly as possible (8). A few studies have 
linked early clinical response to outcomes valued by patients 
(9,10) and showed that patient- reported outcomes (PROs) of 
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patients in early remission reached values close to normal (11). 
However, the great heterogeneity in response to treatment, both 
in terms of clinical outcomes and in how patients perceive their 
disease and health, cannot be captured at the group level. This 
diversity among patients entails the need for an alternative way of 
using PROs, if we want to study questions that are meaningful to 
patients with early RA (12).

Newly diagnosed patients have preconceived illness beliefs 
and are not yet familiar with their disease and treatment. The initial 
clinical response might to a large extent determine how patients 
adapt to their new illness. For example, patients with an insufficient 
or delayed clinical response can make at some stage the switch 
from believing the disease is reversible and manageable to believ-
ing it will be irreversible. Illness perceptions have been shown to 
be barriers or facilitators of adjustment to illness and therefore can 
be determinants of heterogeneity in functioning and health (13–
15). Previous research showed that patient personalities, different 
stressors, and social support at the early disease stage contrib-
uted to future anxiety and depressed mood in early RA (16).

Making use of the Care in Early RA (CareRA) trial, a pragmatic, 
randomized study implementing current RA treatment recom-
mendations (7,17), we compared the effect of different treatment 
regimens on PROs. However, the main aim of this study was to 
explore the relative contributions of the different treatment combi-
nations studied, the initial clinical response, and specific baseline 
psychosocial characteristics on patient- reported health and illness 
perceptions at 1 year after treatment initiation for early RA. We 
assumed that a rapid and stable clinical response would improve 
future aspects of psychosocial functioning and explored the con-
tributions of personal psychosocial factors on patients’ outcome.

PATIENTS AND METHODS

Setting. The present observational study is an integral 
part of the CareRA trial, a Flemish, multicenter, prospective, 

2- year, investigator- initiated, randomized controlled pragmatic 
trial that implements an early intensive treatment in a treat- to- 
target approach in all patients with early RA (7,17). Different 
treatment regimens based on the original Combination therapy 
for early RA (COBRA) strategy were evaluated. Using a risk 
stratification algorithm based on classical prognostics factors 
(i.e., erosions, rheumatoid factor and/or anticitrullinated protein 
antibody, and DAS28- CRP calculated at screening), patients 
were randomized to 1 of the following treatment groups (Fig-
ure 1): COBRA classic: 15 mg  methotrexate (MTX) weekly, 2 
gm sulfasalazine daily and a weekly step- down scheme of 
oral prednisone (60–40–25–20–15–10–7.5 mg daily); COBRA 
slim: 15 mg MTX weekly with a weekly step- down scheme 
of oral prednisone (30–20–12.5–10–7.5–5 mg daily); COBRA 
avant- garde: 15 mg MTX weekly, 10 mg leflunomide daily, and 
a weekly step- down scheme of oral prednisone (30–20–12.5–
10–7.5–5 mg daily), and from week 6 or 7 onwards, a low 
maintenance dose of prednisone was continued to week 28 
and then tapered until discontinuation at week 34; and Tight 
Step-up: 15 mg MTX weekly, no oral glucocorticoids allowed. 
Treatment was adjusted to a target of low disease activity 
(DAS28- CRP ≤3.2). The COBRA slim treatment, including 
monotherapy with MTX and temporary glucocorticoids, pro-
vided the best balance between efficacy, safety, and feasibility 
compared to the other treatment arms in this study setting. 
This strategy was meanwhile explicitly adopted in the Euro-
pean League Against Rheumatism 2016 recommendations for 
treating RA (2).

In addition to the traditional disease evaluation measures, 
implementation aspects were studied (18–20), and patients 
completed a set of self- reported questionnaires (Figure 1). We 
focused on data from 2 questionnaires: the Short Form 36 (SF- 36)  
health survey and the Revised Illness Perception Questionnaire 
(IPQ- R). The CareRA trial was approved by the leading ethics 
committee (University Hospitals Leuven) after consulting the 
ethics committees of participating centers. All participants gave 
written informed consent. Our interdisciplinary research team 
was strengthened by a patient research partner (ADG), involved 
in study design, data interpretation, and write- up of the results.

The initial clinical response profiles. The disease 
activity trajectory in the first year of treatment was deter-
mined based on achieving DAS28- CRP <2.6 at week 16 and 
persistence of this early response until week 52. Four pro-
files of initial clinical response were defined: 1) the persistent 
responders (n = 140) had an early clinical response at week 
16, which was sustained at every clinical visit between week 
16 and week 52; 2) the secondary failures (n = 92) had an early 
clinical response but lost this response between week 16 and 
week 52; 3) the delayed responders (n = 71) had a late clinical 
response, which was obtained between week 16 and week 
52; and 4) the nonresponders (n = 30) had no clinical response 

SIGNIFICANCE & INNOVATIONS
• Time is well established as a valuable factor in rheu-

matoid arthritis (RA) management, at least in view 
of the classical outcomes of disease.

• The current study showed that a rapid and persis-
tent initial clinical response is also important from 
the patient perspective and for patient- valued 
outcomes, broadening the applicability of the 
 window-of-opportunity theory in early RA.

• Ultimately, psychosocial patient-reported factors 
were even more related to the overall outcome in 
an early, intensive, and treat-to-target setting, while 
treatment regimen was not.

• Our findings could inspire initiatives to broaden the 
scope of treat-to-target strategies in early RA by in-
tegrating the patient’s psychosocial profile.
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throughout the first treatment year. We selected week 16 to 
evaluate the speed of response, so that disease activity would 
not be blurred by the effect of the initial higher dosages of 
 glucocorticoids and because the level of disease activity at this 
time point is known to be predictive for response to treatment 
after 1 year (9,21).

Measures/instruments. Descriptive variables included 
disease activity (DAS28- CRP), allocated treatment (Figure 1), 
the presence of depression (i.e., having a diagnosis of depres-
sion and/or taking antidepressants at baseline), age, sex, 
body mass index (BMI) at baseline, alcohol intake, smoking, 
employment status at screening, and perceived social sup-
port at baseline using the subscales of supportive interactions 
and negative interactions of the Social Support List, in which 
higher scores indicate more experience of supportive or neg-
ative interactions (22). The PROs of interest (i.e., perceived 
health and illness perceptions) were collected through valid 
and reliable Dutch translations of the SF- 36 (version 1) and 
IPQ- R (23,24). Questionnaires were paper- based and com-
pleted by patients at home. For the main research question 
that focused on psychosocial aspects, we selected the cor-
responding SF- 36 subscales of vitality, social functioning, 
role emotional, and mental health (25). Higher SF- 36 scores 

indicate better perceived health (26). Furthermore, 3 IPQ- R 
illness perception subscales were selected based on their rel-
evance for our research question: consequences, treatment 
control, and illness coherence. Higher scores indicate greater 
perceived consequences, and a stronger sense of treatment 
control and illness coherence (27).

Data analysis. The role of treatment. This analysis includ-
ed SF- 36 scores from the total CareRA sample according to ran-
domized treatment groups. Mean scores for all 8 dimensions of 
the SF- 36 at baseline, week 16, week 52, and week 104 were 
plotted on spidergrams for each treatment group. Differences in 
improvement from baseline at week 16, week 52, and week 104 
were tested separately for the 3 high- risk treatment groups using 
the Kruskal- Wallis test, and for the 2 low- risk treatment groups 
using the Mann- Whitney U test.

The role of initial clinical response profiles: sample 
 characteristics and baseline differences between initial clinical 
response profiles. Patients who were allocated to a profile com-
pleted the first treatment year and had a DAS28- CRP available 
at week 16 and at least once between week 16 and week 52 
(week 52 included). For the purpose of this analysis, SF- 36 
and IPQ- R had to be completed minimally on one- fourth of the 
measurement time points, allowing eventual missing data im-

Figure 1. Overview of the Care in Early RA (CareRA) study design. High- risk group was patients with a poor prognostic profile based on the 
presence of classical prognostic factors (i.e., erosions, rheumatoid factor and/or anticitrullinated protein antibody, and Disease Activity Score 
in 28 joints using the C-reactive protein level calculated at screening). Low- risk group was patients without a poor prognostic profile. Patients 
(n = 379) were randomized in the CareRA trial: COBRA classic: 15 mg methotrexate (MTX) weekly, 2 gm sulfasalazine daily, and a daily oral 
prednisone bridging scheme (weekly step- down from baseline [BL; i.e., randomization to treatment group] until week 7 [60–40–25–20–15–10–
7.5 mg], continuing 7.5 mg from week 7 to week 28, and then tapering down weekly until discontinuation at week 34); COBRA slim: 15 mg 
MTX weekly with a daily oral prednisone bridging scheme (weekly step- down from BL until week 6 [30–20–12.5–10–7.5–5 mg], continuing 5 
mg from week 6 to week 28, and then tapering down weekly until discontinuation at week 34); COBRA avant- garde: 15 mg MTX weekly, 10 mg 
leflunomide daily, and a daily oral prednisone bridging scheme (weekly step- down from BL until week 6 [30–20–12.5–10–7.5–5 mg], continuing 
5 mg from week 6 to week 28, and then tapering down weekly until discontinuation at week 34); Tight Step- up: 15 mg MTX weekly, no oral 
glucocorticoids allowed. W = week; PROs = patient- reported outcomes.
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putation. Descriptive data were reported as absolute numbers 
and proportions, or as mean ± SDs and medians with inter-
quartile ranges. Patients were not ran domized but assigned 
to 1 of 4 profiles based on their initial clinical response, and 
therefore we tested baseline differences between profiles on 
all study variables using 1- way analysis of variance or Kruskal- 
Wallis tests according to data distribution for the continuous 
variables and chi- square tests for categorical variables.

The role of initial clinical response profiles: the  association 
between the initial clinical response and psychosocial outcomes 
after 1 year of treatment. We performed linear regression analyses 
to investigate the association between the initial clinical response 
(predictor variable) and the predefined set of SF- 36 and IPQ- R 
subscales (7 outcome variables). Because the clinical response 
profile is a categorical variable, dummy coding was applied where 
the persistent responders were chosen as the reference cate-
gory, against which the secondary failures, delayed responders, 
and nonresponders were compared (according to our hypothe-
sis). In the multiple regression analyses, the effect of initial clinical 
response on week 52 psychosocial outcomes was adjusted for 
age, sex, presence of depression, allocated treatment, baseline 
DAS28- CRP, and baseline value of the predicted variable. To deal 
with non- normally distributed data, especially for SF- 36 social 
functioning and SF- 36 role emotional, robust regression based 
on bootstrapping with 1,000 bias- corrected and accelerated rep-
lications was applied, providing bootstrap confidence intervals 

and significance values that give an accurate estimate of the true 
population beta values (28,29). Evaluation of PROs after 1 year of 
treatment was chosen as the primary outcome cut point.

Missing data. To deal with missing data, we first applied 
the method recommended in the SF- 36 users’ manual (26) and 
in the Dutch IPQ- R scoring syntax before calculating the sub-
scale scores. If SF- 36 and IPQ- R subscale scores could not 
be calculated because of too many missing items, we used 
the expectation- maximization algorithm (EM) (30). In our study 
sample, the proportion of missingness for the 7 selected SF- 36 
and IPQ- R subscale scores ranged between 9.3% and 10.2% 
at week 16, 22.2% and 22.8% at week 52, and 30.3% and 
31.2% at week 104. These missing scores were imputed using 
1 EM imputation model, including available scores of all SF- 36 
and IPQ- R subscales at baseline, week 16, week 52, and week 
104 for the total CareRA sample. No imputations were made 
for missing scores at baseline (1.8−2.4%). To examine baseline 
differences between participants with and without the studied 
PRO data available at week 52, Mann- Whitney U tests were 
computed. Sensitivity analysis using SF- 36 and IPQ- R scores 
without EM imputation was performed for the regression anal-
yses.

A P value of 0.05 was used as the cutoff for statistical signif-
icance, with P values being corrected per regression model using 
the Holm- Bonferroni method to reduce the risk for inflating Type I 
error (31). Data were analyzed using SPSS Statistics for Windows 

Figure 2. Mean Short Form 36 health survey domain scores at baseline, week 16, week 52, and week 104, plotted on spydergrams for each 
high- risk treatment group within the Care in Early RA (CareRA) trial. Patients with early rheumatoid arthritis were stratified to a high- risk profile 
and then randomized to 1 of 3 treatment groups: A, COBRA classic; B, COBRA slim; C, COBRA avant- garde. High- risk group was patients 
with a poor prognostic profile based on the presence of classical prognostic factors. For weeks 16, 52, and 104, missing data were imputed 
using the expectation- maximization method.
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software, version 25. There was no specific power calculation for 
this explorative study alongside the CareRA trial.

RESULTS

The role of treatment. Patient characteristics of all  
CareRA patients have been previously reported (17). All treat-
ments resulted in improved SF- 36 domain scores in the high- risk 
 treatment groups (Figure 2) and in the low- risk treatment groups 
(Figure 3). Change from baseline to week 16, week 52, and week 
104 did not significantly differ between the 3 high- risk treatment 
groups, nor between the 2 low- risk treatment groups for any of 
the 8 SF- 36 domain scores (data on file).

The role of initial clinical response profiles. Sample 
characteristics and baseline differences between initial clinical  
response profiles. Of the 379 randomized patients in the CareRA  
trial, 333 (87.9%) had the required data set for this particular 

 analysis available (see Supplementary Figure 1, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23900/ abstract). The selected patients were not 
significantly different from those excluded (data on file). Of those 
333 patients, 259 (77.8%) had SF- 36 and IPQ- R data available 
at week 52. Patients for which these PRO data were missing at 
week 52 only scored on average 5.5 units less on mental health 
at baseline than those patients with week 52 PRO data available 
(P = 0.042).

Table 1 shows the baseline characteristics and Table 2 the 
PRO data organized by initial clinical response profile. Because 
patients were not randomized but subdivided post hoc accord-
ing to their initial clinical response, baseline differences were 
observed for BMI, patient- reported vitality, social functioning, 
mental health, perceived consequences, and negative social 
interactions, as well as for DAS28- CRP. Separate analysis of 
the 4 DAS28- CRP components revealed that items based on 
patient reporting and patient- physician interaction were different 
between profiles, while the laboratory measure CRP level was 
not.

The association between the initial clinical response and 
psychosocial outcomes after 1 year of treatment. Table  2 
shows the average week- 52 scores for perceived health and 
illness perceptions by initial clinical response profile. First, the 
univariate regression results showed that the proportion of the 
variability explained by the response profiles ranged between 
6.3% and 12.6% for perceived health outcomes and between 
3.1% and 12.7% for illness perception outcomes (see Supple-
mentary Table 1, available on the Arthritis Care &  Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23900/  
abstract). Second, in almost all multiple regression models 
the response profiles were independently associated with 
the psychosocial outcomes at year 1 of treatment (Figure 4) 
(for details see Supplementary Table 2, available on the Ar-
thritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23900/ abstract). Only illness coherence 
remained unexplained by initial clinical response. Depending 
on the model, contributing confounders were the baseline val-
ue of the outcome variable, baseline disease activity, and the 
presence of depression. The baseline values had the highest 
contribution to the overall variability of the week- 52 outcome 
variable, which was in general followed by the response pro-
files (standardized beta values in Figure 4). The allocated treat-
ment did not contribute at all, nor did sex and age. Alcohol 
intake, smoking, employment status, and BMI were evaluated 
as potential confounders, but either were not different at base-
line between response groups or did not significantly contrib-
ute to the multivariate models we tested.

Figure  4 shows that compared to early and persistent 
responders, patients without a response scored mostly worse, 
while the difference in group mean often was smallest between 
the persistent responders and the secondary failures. Patients 

Figure  3. Mean 36- item Short Form health survey domain 
scores at baseline, week 16, week 52, and week 104 plotted on 
spydergrams for each low- risk treatment group within the Care in 
Early RA (CareRA) trial. Patients with early rheumatoid arthritis were 
stratified to a low- risk profile and then randomized to 1 of 2 treatment 
groups: A, Tight Step- up; B, COBRA slim. Low- risk group was 
patients without a poor prognostic profile based on the presence 
of classical prognostic factors. For weeks 16, 52, and 104, missing 
data were imputed using the expectation- maximization method.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
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who enjoyed an early and persistent clinical response reported 
higher vitality, more positive beliefs about disease consequences, 
and a higher belief in the effect of treatment at week 52, as com-
pared to patients who had a relapse after the initial response or 
who had a delayed response or no response at all. Moreover, 
compared to persistent responders, delayed responders and 
nonresponders reported more interference with social activities 
and more problems with work or other daily activities because 
of emotional problems. Patients with a relapse or no response 
scored less well on mental health at week 52 compared to per-
sistent responders. Sensitivity analysis using the week- 52 PRO 
scores without EM imputation showed a similar trend in effect 
sizes and similar study conclusions (see Supplementary Table 3, 
available on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.23900/ abstract).

DISCUSSION

As hypothesized, speed and stability of the initial clinical 
response were independently associated with aspects of psy-
chosocial functioning at 1 year after RA treatment initiation. In 
addition, baseline psychosocial characteristics predicted future 

psychosocial outcomes of patients with early RA, while allocated 
treatment did not contribute to the variability in patient- reported 
health and illness perceptions. Evolution of SF- 36 scores in the 
total CareRA patient population did not differ between treatment 
groups as one might expect based on the similar effect on disease 
activity in this treat- to- target trial.

It is well- established that there is no time to waste in early 
RA management. Remarkably, however, limited attention has 
been given to what the early clinical response profile could mean 
for long- term outcomes other than disease activity, joint dam-
age, and functionality. Preliminary evidence in RA has shown 
that time could also be of the essence from the patient’s point 
of view (9–11,32). Our study adds to this evidence by subde-
fining patients with early RA according to speed and persis-
tence of their clinical response. This methodology allowed us to 
conclude that patients with a rapid and persistent initial clinical 
response scored better on aspects of psychosocial functioning 
after 1 year of treatment. Thus, from the patient’s perspective, 
reaching good disease control is important as well as the clin-
ical trajectory leading to this target. In a previous longitudinal 
qualitative study, we already demonstrated that a rapid and 
sustained response was highly valued by patients (8).  Similarly, 

Table 1. Descriptive variables at trial baseline for the sample of patients with early rheumatoid arthritis (n = 333) subdivided according 
to their initial clinical response profile*

Variables

Persistent 
responders 

(n = 140)

Secondary  
failures 
(n = 92)

Delayed 
responders 

(n = 71)
Nonresponders 

(n = 30) P
Age, years 52.7 ± 13.4 52.3 ± 13.1 52.0 ± 11.3 51.7 ± 14.8 0.974†
DAS28- CRP (range 0–9.4) 4.5 ± 1.1 4.6 ± 1.4 5.3 ± 1.3 5.2 ± 1.1 <0.001†

28SJC (range 0–28) 6.7 ± 4.9 6.7 ± 5.7 8.7 ± 5.6 8.1 ± 5.4 0.029‡
28TJC (range 0–28) 7.5 ± 5.2 8.4 ± 6.4 11.1 ± 6.8 10.2 ± 6.3 0.001‡
VAS PGA (range 0–100) 50.9 ± 23.8 51.9 ± 21.9 64.6 ± 21.0 61.0 ± 21.6 <0.001‡
CRP, mg/liter 7.7 ± 15.7 11.6 ± 26.0 13.4 ± 28.1 13.5 ± 35.9 0.712‡

Symptom duration, weeks 31.2 ± 30.5 42.2 ± 68.3 33.6 ± 34.5 43.6 ± 76.9 0.773‡
Allocated treatment, no. (%) 0.061§

COBRA classic 42 (30.0) 20 (21.7) 13 (18.3) 9 (30.0) –
COBRA slim (HR) 33 (23.6) 35 (38.0) 15 (21.1) 5 (16.7) –
COBRA avant- garde 36 (25.7) 22 (23.9) 19 (26.8) 7 (23.3) –
Tight step- up 12 (8.6) 8 (8.7) 15 (21.1) 6 (20.0) –
COBRA slim (LR) 17 (12.1) 7 (7.6) 9 (12.7) 3 (10.0) –

Women, no. (%) 95 (67.9) 65 (70.7) 45 (63.4) 23 (76.7) 0.570§
Depression, no. (%) 6 (4.3) 6 (6.5) 5 (7.0) 1 (3.3) 0.755§
Alcohol intake, no. (%)¶ 88 (62.9) 50 (54.3) 41 (57.7) 12 (40.0) 0.123§
Smoking status (ever), no. (%) 70 (50.0) 58 (63.0) 45 (63.4) 15 (50.0) 0.117§
Employed at screening, no. (%) 68 (48.6) 49 (53.3) 36 (50.7) 16 (53.3) 0.901§
Body mass index, kg/m2 25.6 ± 3.8 27.0 ± 4.6 27.1 ± 4.2 27.3 ± 4.9 0.037‡
SSL supportive interactions (range 

34–136) (n = 324)
79.1 ± 15.7 76.4 ± 15.4 79.0 ± 17.3 80.1 ± 18.6 0.858‡

SSL negative interactions (range 7–28) 
(n = 324)

9.1 ± 2.9 9.4 ± 3.2 10.9 ± 4.3 9.7 ± 3.5 0.047‡

* Values are the mean ± SD unless indicated otherwise. DAS28- CRP = Disease Activity Score in 28 joints using the C- reactive protein level; 
28SJC = 28 swollen joint count; 28TJC = 28 tender joint count; VAS = visual analog scale; PGA = patient global assessment; HR = high- risk 
treatment group (patients with a poor prognostic profile based on the presence of classical prognostic factors); LR = low- risk treatment 
group (patients without a poor prognostic profile based on the presence of classical prognostic factors); SSL = Social Support List. 
† P from 1- way analysis of variance test. 
‡ P from Kruskal- Wallis test. 
§ P from chi- square statistic. 
¶ Consumption of any form of alcohol. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
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“feeling good as soon as possible for as long as possible” 
was highlighted in the report of the 10th Outcome Measures 
in Rheumatology regarding response criteria (33). Although it 
might seem self- evident that patients with a favorable clinical 
response profile would also report a beneficial effect for out-
comes that matter most to them, unmet needs may also exist in 
this group requiring further study (34).

Already at baseline, patients differed for DAS28 com-
ponents other than CRP, depending on their later clinical 
response profiles, suggesting that disease activity scoring 
is influenced by a patient- specific reporting style. Recently, 
Michelsen et  al (35) concluded that psychosocial factors 
(i.e., depression and anxiety) were associated with more 
subjectively weighted measures of disease activity and not 
acute- phase reactants and swollen joint count, which was 
confirmed in an early RA cohort by Boer et al (36). Both stud-
ies identified baseline psychosocial distress as a strong neg-
ative predictor of remission in early RA. This finding fits with 
our results, confirming baseline levels as the most powerful 
predictors of the explored psychosocial outcomes, as previ-
ously shown (37,38). Nonetheless, in contrast to these stud-
ies, in daily practice, psychosocial variables almost never get 
the necessary attention in management of disease. Unfortu-
nately, even adherence to guidelines on pharmacologic treat-
ment in RA and the treat- to- target principles is challenging in 
clinical practice (39).

Awareness is growing that RA pharmacotherapy alone may 
not be the solution for relevant health outcomes like psychoso-
cial wellbeing (40). Following the definition of precision medicine, 
treatment should be targeted to a broad range of individual needs, 
based on genetic, biomarker, phenotypic, and psychosocial char-
acteristics (41). Nevertheless, actual investments are mainly aim-
ing for the development of new diagnostics, prognostics, and 
therapeutics. Our findings suggest that to benefit from the win-
dow of opportunity in all its aspects, timely patient education and 
counseling might be important as well as personalized support for 
patients at risk of a more difficult RA trajectory due to personality- 
related and social aspects. Translating this finding into the thera-
peutic setting, however, will be a challenge. The response rate in 
this pragmatic trial illustrates the difficulty of evaluating psycho-
social status by means of questionnaires, and a more multidi-
mensional evaluation of newly diagnosed patients, including the 
chosen measures reported here, can probably only be realized by 
interdisciplinary teams working toward timely implementation of a 
wider scope of interventions tailored to patients’ needs.

Our results were based on a DAS28- CRP <2.6 and could 
have been different when using other definitions of disease 
control. However, applying DAS28- CRP <2.6 resulted in a 
 distribution with good face validity and sufficient patient numbers 
per response profile. Moreover, in the CareRA trial, the cutoff 
of DAS28- CRP ≤3.2 was used for therapeutic steering, which 
results in better effectiveness of the treat- to- target strategy (42),  

Table 2. Patient- reported outcomes at trial baseline and at year 1 of treatment for the sample of patients with early rheumatoid 
arthritis (n = 333), subdivided according to their initial clinical response profile*

Variables

Persistent 
responders 

(n = 140)

Secondary 
failures 
(n = 92)

Delayed 
responders 

(n = 71)
Nonresponders 

(n = 30) P
SF- 36 vitality (range 0–100)

Baseline (n = 326) 52.9 ± 19.0 46.4 ± 20.2 40.6 ± 19.2 47.0 ± 22.2 <0.001†
Week 52 (n = 333) 64.4 ± 17.0 54.4 ± 17.7 53.8 ± 18.1 46.3 ± 18.0 <0.001†

SF- 36 social functioning (range 0–100)
Baseline (n = 327) 69.1 ± 25.6 60.9 ± 26.3 51.6 ± 27.9 57.6 ± 24.4 <0.001‡
Week 52 (n = 333) 83.0 ± 19.6 74.0 ± 21.2 70.8 ± 20.2 56.4 ± 18.1 <0.001‡

SF- 36 role emotional (range 0–100)
Baseline (n = 324) 69.9 ± 42.9 59.3 ± 42.9 58.5 ± 45.2 61.7 ± 45.0 0.097‡
Week 52 (n = 333) 84.9 ± 29.6 68.7 ± 39.3 61.3 ± 40.2 55.4 ± 37.9 <0.001‡

SF- 36 mental health (range 0–100)
Baseline (n = 327) 65.7 ± 17.3 61.5 ± 18.5 55.8 ± 22.2 63.6 ± 17.9 0.005†
Week 52 (n = 333) 75.2 ± 15.5 67.4 ± 17.3 66.4 ± 16.5 63.4 ± 15.1 <0.001†

IPQ- R consequences (range 6–30)
Baseline (n = 325) 19.2 ± 4.1 18.9 ± 3.9 21.0 ± 4.4 19.2 ± 4.6 0.010†
Week 52 (n = 333) 15.9 ± 4.2 17.7 ± 4.1 19.2 ± 4.7 20.8 ± 3.7 <0.001†

IPQ- R treatment control (range 5–25)
Baseline (n = 326) 18.9 ± 2.2 18.7 ± 2.3 18.0 ± 2.7 19.2 ± 2.3 0.055‡
Week 52 (n = 333) 18.7 ± 2.2 17.5 ± 2.4 17.2 ± 2.3 17.3 ± 2.1 <0.001‡

IPQ- R illness coherence (range 5–25)
Baseline (n = 325) 17.6 ± 3.8 17.1 ± 3.6 16.1 ± 4.9 17.2 ± 3.4 0.175§
Week 52 (n = 333) 18.5 ± 3.4 17.2 ± 3.7 16.9 ± 3.9 17.2 ± 2.7 0.004†

* Values are the mean ± SD unless indicated otherwise. SF- 36 = 36- item Short Form health survey; IPQ- R = Revised Illness Per-
ception Questionnaire. 
† P from 1- way analysis of variance test. 
‡ P from Kruskal- Wallis test. 
§ P from Welch’s analysis of variance test. 
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and might correspond more closely to what patients consider 
to be acceptable. Our study included only particular aspects of 
the broad concept of psychosocial functioning. For example, 
work participation, which was added to the most recent treat- 
to- target recommendations (43), could not reliably be extracted 
from our data. Because data were collected in a setting mim-
icking clinical practice, no reminders were sent to encourage 
patients to return their questionnaires. As in similar studies, we 
encountered missing PRO data, which might hamper the gener-
alizability of our results. On the other hand, PROs were studied 
within a pragmatic trial setting close to clinical practice, making 
study conclusions generally applicable for current disease man-
agement. Future studies on the effect of early and sustained dis-
ease control on patients’ future psychosocial functioning could 
include even more long- term time points while considering inte-
grating planned missingness in the study design (44), or perhaps 
computer adaptive testing to improve data completion (45).

The prevalence of depression was low in our early RA 
sample. There is a risk that we underestimated depression as a 
potential confounder since we did not formally evaluate patients 
but used classification criteria with a high specificity but low sen-
sitivity for the diagnosis of depression. We also recognize the 

potential relevance to our psychosocial outcomes of measures 
we did not include as confounders, such as socioeconomic sta-
tus and social support (46,47). However, our study was con-
ducted in Flanders, a region where standards of life are generally 
good, with a low unemployment rate and only minor socio-
economic inequality. Moreover, the Belgian health care system is 
easily accessible and includes a comprehensive social security. 
Eventually, perceived social support was not added as a con-
founder to the regression models because of the small numer-
ical difference between patients with different clinical response 
profiles and the lack of evidence about its clinical meaningful-
ness. A methodologic strength of this study is that we analyzed 
PRO data by defining clinically relevant response subgroups. For 
example, our data revealed that experiencing a relapse after a 
favorable initial response can have implications for future psy-
chosocial functioning and is important to consider in early dis-
ease management. Moreover, the patient was at the heart of this 
study, together with a patient researcher, a condition of clinically 
useful research (12,48).

In conclusion, this study provides initial evidence in 
favor of a psychosocial window of opportunity for early RA 
management. Our data showed that a rapid and sustained 

Figure  4. Multivariate linear regression models of the contribution of the initial clinical response and other predictor variables (age, sex, 
baseline depression, baseline Disease Activity Score in 28 joints using the C- reactive protein level [DAS28- CRP], treatment regimen and 
baseline outcome value) to psychosocial outcomes after 1 year of early rheumatoid arthritis treatment. Graphs show adjusted standardized 
beta values and significant P values (* = P < 0.05 corrected with Holm- Bonferroni method) based on 1,000 bootstrap samples. For details 
about 95% confidence intervals, see Supplementary Table 2, available on the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23900/ abstract, and for details about the univariate analyses see Supplementary Table 1, available at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.23900/ abstract. SF- 36 = Short Form 36 health survey; IPQ- R = Revised Illness Perception Questionnaire; BL = 
baseline;  LR = low- risk; HR = high- risk.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23900/abstract
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response was independently associated with positive aspects 
of  psychosocial wellbeing at year 1 of treatment. Baseline 
psychosocial status, however, contributed the most, while 
treatment type did not. These findings could be a source 
of inspiration for initiatives to broaden the scope of treat-  
to- target strategies in early RA.
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Qualitative Exploration of Triangulated, Shared  
Decision- Making in Rheumatoid Arthritis
Pauline Binder-Finnema, Kathryn Dzurilla, Betty Hsiao, and Liana Fraenkel

Objective. Treat- to- target implementation in rheumatoid arthritis (RA) requires a shared decision- making (SDM) 
process. However, ability to pay is a major determinant of patient choice, but how this factor affects SDM is under- 
explored.

Methods. Visits at 4 RA clinics during which patients faced a decision to change their treatment were audiotaped 
between May 2016 and June 2017. Audiotapes were transcribed verbatim and analyzed using qualitative framework 
analysis.

Results. A total of 156 visits were analyzed. Most patients with RA, except those with effective insurance cover-
age, had deliberations disrupted or sidelined by third- party insurance providers having power to authorize the pre-
ferred disease- modifying antirheumatic drug choice. This triangulated SDM complicated efficiency in deliberations 
and timely treatment and was a barrier to shared engagement about health risks and symptom improvement typically 
found in patient- provider dyads.

Conclusion. Rheumatology care providers should aim to incorporate treatment costs and ability to pay into their 
deliberations so that individualized out- of- pocket estimates can be considered during triangulated SDM at the point- 
of- care.

INTRODUCTION

Early detection of rheumatoid arthritis (RA) and early inter-
vention with disease- modifying antirheumatic drugs (DMARDs) 
significantly improve short-  and long- term therapeutic outcomes 
(1–3). Moreover, cardiovascular morbidity and the need for total 
joint replacement have significantly decreased since aggressive 
care for RA has become the norm (4). Maintaining tight control 
of disease activity for all RA patients requires frequent monitoring 
and adjusting medications to minimize inflammation (5,6). How-
ever, numerous contemporary studies on treatment adherence 
highlight patient- related barriers to DMARD escalation. Patient 
reluctance to add or change medications is influenced by low 
motivation or personal beliefs, advanced age, poverty, limited 
health education, and the inability to cope with high drug costs 
(2,7–10). Some studies show that patients’ reluctance to accept 
the risks of side effects associated with newer treatments impacts 
providers’ ability to adhere to treat- to- target strategies (11,12). 
Yet systematic reviews identify cost barriers as the principal factor 
underlying the reluctance of patients with RA to change treatment, 

a problem that has worsened as uncertainties related to insurance 
coverage increase, including deductibles and copays (8,13), as 
illustrated by the statement of one of the participants in our study.

 Patient:  See, I don’t dread taking my medicine. My main 
[concern] is…the insurance company, because you 
always have to fight with them to get them to give 
me my etanercept. (patient ID 145; provider ID 5)

Numerous treatment options are now available for patients 
with RA, and shared decision- making (SDM) is considered best 
clinical practice. SDM is a process during which patients are 
informed of all available options and subsequently deliberate with 
physicians to arrive at treatment choices that are most consistent 
with their values and priorities (14,15). Despite the apparent influ-
ence of cost on patients’ adherence to treatment recommenda-
tions, few studies have examined this factor at the point- of- care or 
whether ability to pay influences SDM processes and outcomes.

The drug approval process has been shown in other chronic 
conditions to be influenced by tiered insurance regulations that 
may negatively impact preferred treatment choice, SDM, and 
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timely decision- making (16). O’Connor et  al (17) suggest that 
physicians must confront difficulties in creating a comprehensive 
treatment plan, despite using SDM, when patients’ insurance 
plans limit options and/or offer no coverage for patient’s drug of 
choice. Although third- party insurance payers and Medicaid reim-
bursement schemes help cover the high costs of medications, 
their restrictive drug formularies can decrease rather than expand 
choice options and have an adverse influence on medication 
management (18).

The literature on third- party influences and medication com-
munication has advanced in pharmacy research, exploring shared 
patient/pharmacist decision- making (19). However, the third- party 
concept in SDM has yet to give widespread attention to the inter-
action between patients and their physicians.

The objective of this study was to gain deeper understanding 
of insurance coverage as it relates to treatment escalation in RA, 
by identifying the perspectives of patients with RA and their rheu-
matologists at the point- of- contact and while engaged in SDM. 
The study design supports an assumption that effective deliber-
ation between patients and physicians positively influences deci-
sional determination, i.e., the arrival at a final decision (20). Elwyn 
and Miron- Shatz (20) explain SDM as gaining sufficient informa-
tion, appraising new knowledge as sufficient, imagining counter- 
factual information, and affective (emotional) forecasting, all of 
which need to be integrated into choosing a treatment option.

PATIENTS AND METHODS

The study was approved by our institution’s Human 
Research Protection Program. Data were collected between 
May 2016 and June 2017 by an author (PB- F), a medical 
anthropologist, at 4 academically affiliated rheumatology 
clinics as part of a broader study on SDM. The parent study 
involved a 6- month intervention phase in which all patients 
with RA and their clinicians used an empirically based decision 
tool meant to encourage open deliberation about medication 
choices (21). This post- test tool is a paper brochure meant to 
elicit patient perspectives on such characteristics as onset of 

action, mode of administration, common and very rare side- 
effects and quality of life, infection risk, time on market, and 
treatment affordability. English- speaking patients with RA were 
approached for consent to be audio- recorded after having 
been placed in a room by nursing staff for their follow- up rheu-
matology appointment. The data collection researcher (PB- F) 
was not in the room at the time of the consultation. The study 
included 10 attending physcians, 1 advanced practice regis-
tered nurse, and 7 rheumatology fellows. All patients initially 
seen by fellows were also seen by an attending physician. The 
care providers were recruited together as a group by a differ-
ent author (LF) after being given information about the study. 
Participating physicians also gave consent to have their con-
sultations audio- recorded with patients.

The mean ± SD length of time of recorded consultations 
was 29.9 ± 11.6 minutes in the pretest phase and 25.1 ± 10.7 
minutes in the post- test brochure phase. Recordings were 
transcribed verbatim by an author (KD), a master’s degree–
level nurse practitioner student with several years of expe-
rience assisting in clinical research. Transcripts were initially 
screened by an author (PB- F) for the presence of DMARD 
names used during the visits and for patient biometrics and 
treatment appraisal by an author (LF), a rheumatologist with 
substantial research experience in the field. Biometrics were 
validated from the medical record by an author (BH), a rheu-
matology fellow. A number of transcripts were excluded due 
to the presence of a coexisting condition with systemic lupus 
erythematosus or dementia. The mean ± SD disease duration 
was 12.5 ± 10.2 years, and the majority of patients had moder-
ate disease activity, with a mean ± SD Clinical Disease Activity 
Index score of 18 ± 9.6 and a mean ± SD Routine Assessment 
of Patient Index Data score of 12.5 ± 7.6, as described by 
Hsiao et  al (21). Among the participants considered for this 
study, 153 refused participation and did not give their con-
sent nor were they recorded. The reasons given for withhold-
ing consent were wanting to maintain privacy or because they 
were not feeling well.

In- depth analysis of the transcripts began with reading 
and rereading by all members of the research team. Data- 
driven phrase codes for DMARD type, escalation, and cost 
factors were identified by interrater agreement and placed onto 
a spreadsheet matrix using Microsoft Excel. Examples of treat-
ment escalation phrase codes included “discussion of DMARD 
pros and cons,” “change of DMARD type was deliberated,” 
“DMARD type,” and “patient expressed disfavor of DMARD 
based on cost.” Examples of cost factors included “ability to 
pay,” “insurance coverage,” “Medicaid,” “copay,” and “afford.” 
The matrix was then analyzed using framework analysis (22), 
which is a method that maintains the hermeneutic perspectives 
of study participants and interprets those perspectives within 
the context of a guideline or policy, in this case, the profes-
sional ethos in rheumatology to adjust treatment medications 

SIGNIFICANCE & INNOVATIONS

•  For patients with limited to no insurance cov-
erage, the focus of deliberation during shared  
decision-making prioritizes insurance factors over 
discussions of risk and treatment options and tri-
angulates the decision-making process.

•  Triangulated shared decision-making limits the op-
portunity to embrace assured self-determination 
and relational autonomy during deliberations, and 
imposes uncertainty about who takes final respon-
sibility for choice, despite best efforts to involve pa-
tients in the treat-to-target process.
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to minimize inflammation and erosive activity using best- 
practice SDM (14). Constant comparison descriptively identi-
fied emerging patterns (23) that were interpreted as support of 

a preferred DMARD option according to key principles of SDM, 
i.e., the presence of supported autonomy, self- determination, 
and option deliberation, during discussions (24).

RESULTS

A total of 156 patient recordings advanced to analysis 
because the consultation involved statements from the rheu-
matologist about worsening symptoms and a need to escalate 
treatment. Participation of rheumatology providers was arbi-
trary according to their schedule of patients with RA, influenc-
ing the relatively low number of patients seen by fellows with a 
senior attending physician versus the number of patients seen 
by the senior physicians and advanced practice registered 
nurse alone. Table 1 shows the overview of participants. The 
number of female to male participants was greater, at nearly 
6- fold, and the total age range was 26–85 years, with 55% of 
patients ages 45–64 years. The majority of participants were 
white (65.4%) followed by African American/black (16.7%) 
and Latino (10.3%). Nearly 19% of total participants identified 
themselves as Hispanic. An equal number of participants were 
employed full time as were on disability (19.2%), and 23% 
were retired. Approximately 30% had private insurance. Those 
participants with Medicare and/or Medicaid alone comprised 
the majority of participants, almost 38% and 21%, respec-
tively. Nearly 8% of participants were underinsured or had no 

known source of insurance.

Insurance coverage and SDM. Certainty about insurance 
coverage for potential new DMARDs significantly influenced the 
SDM process (Figure 1). Patient- physician dyads expressing confi-
dence about the patient’s insurance coverage experienced advan-
taged SDM, and deliberations did not appear impacted by issues 
of affordability. Most patients with drug coverage plans, however, 
were somewhat less certain about future third- party approval and 
engaged in contingent SDM with their rheumatologists. Although 
deliberations did involve the topic of cost, they remained con-
structive as both patients and physicians expressed confidence 
their preferred choice would be approved. The patients having 
authorization restrictions from third- party payers expressed worry 

Table  1. Demographic information on patients with rheumatoid 
arthritis (n = 156) and rheumatology care providers (n = 18)*

Value
Patients

Sex
Female 133 (85.3)
Male 23 (14.7)

Age, years
26–44 18 (11.5)
45–64 86 (55.1)
65–85 52 (33.3)

Race
African American/black 26 (16.7)
Asian 1 (0.60)
Latino 16 (10.3)
American Indian/First Nation 3 (1.90)
White 102 (65.4)
Unknown 8 (5.10)

Ethnicity
Hispanic 29 (18.6)
Non- Hispanic 119 (76.3)
Unknown 8 (5.10)

Employment
Full time 30 (19.2)
Part time 11 (7.10)
Student 3 (1.90)
Retired 36 (23.1)
Unemployed 41 (26.3)
On disability 30 (19.2)
Unknown 5 (3.20)

Insurance type
Private 47 (30.1)
Medicare 59 (37.8)
Medicaid 32 (20.5)
Military (Tricare/VA) 6 (3.80)
Indian Health Service 3 (1.90)
Inactive coverage 4 (2.60)
Unknown 5 (3.20)

Rheumatology care providers, no.
Senior attending physicians 10
Fellows 7
Advanced practice registered 

nurse
1

* Values are the number (%), unless indicated otherwise. VA = 
 Veterans Administration. 

Figure 1. Insurance coverage negatively influences the effectiveness of autonomous shared decision-making (SDM) (small black arrows). 
As cost coverage becomes less certain, the patient- physician dyad becomes less autonomous and increasingly dependent on third- party 
decision- making for a preferred disease-modifying antirheumatic drug.

Contingent 
SDM

At-Risk         
SDM

Disadvantaged 
SDM

Advantaged 
SDM

Uncertainty of Insurance Coverage
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that their insurance coverage would limit the treatment options 
available to them, experiencing at- risk SDM, where the quality of 
SDM was at risk because choices were restricted. Disrupted SDM 
occurred for patients having inadequate or no insurance cover-
age. Physicians were unable to offer options based on medical 
necessity and deferred discussing appropriate treatment until a 
payment option was found. There was little deliberation during 
these visits, despite the need to escalate care.

Advantaged SDM. Approximately one- fourth of patients were 
actively engaged in employment or education despite their wors-
ening RA symptoms. Most of these patients engaged in in- depth 
conversations with their physicians about DMARDs, which included 
detailed information about risks and side- effects and the patients’ 
preferences. Because the majority of patients had secure private 
insurance coverage, the deliberations involved little to no discus-
sion about DMARD affordability. Also missing was uncertainty about 
whether a prescription might be denied in favor of the pros and cons 
of available treatment options. One dyad engaged a 12- minute con-
versation about possible options that allowed the patient to auton-
omously express curiosity and ask meaningful questions, with no 
expressed concerns about costs. The positive deliberation appeared 
strengthened by the manageability of the DMARD cost.

  Doctor:   Okay, we will stop the certolizumab. I will give you 
some information on tofacitinib… Tofacitinib is the 
name of the [stat-free] drug. Your [employer] health 
plan is generally pretty good about this stuff. So it 
is one 5-milligram tablet twice a day.

  Patient:  Those are actually expensive?
 Doctor:  Oh, yeah.
 Patient:  Is it more expensive than injections? I do not 

know if it is, since it is a pill, I guess I would expect 
it is not more expensive.

 Doctor:  They are all expensive.
 Patient:  Mm.
 Doctor:  Tofacitinib. Let’s see…60, for 1 month: $2,713.
 Patient:  Oh my God.
 Doctor:  And 32 cents. That is why insurance exists. 

(patient ID 67; provider ID 10)

Patients articulated insights into symptoms and treatments, 
with physicians responding in- kind with open, matter- of- fact 
information. Importantly, discussions could include options 
recommended in practice guidelines to each patient. In a few 
instances, mandated drug lists defined by the patients’ insur-
ance carrier restricted choice. Nevertheless, there appeared to 
be no negative influence of cost on SDM, because the insur-
ance coverage included both physicians’ and patients’ preferred 
choices.

Contingent SDM. Other patients with good but less certain 
insurance coverage had to devote variable amounts of time to 
discussing the issue of cost.
 Patient:  And then, I guess, after [we learn it is approved] 

that it would still be the cost because if I cannot 
afford it, I cannot take it. So, that would be a factor.

 Doctor:  Right.
 Patient:  And then?
 Doctor:   Right, so… Right. We have to make sure whatever 

we end up going with, the first thing will be get an 
authorization. (patient ID 125; provider ID 10)

Yet attitudes remained positive.

 Doctor:  So we are going to start you on the etanercept and 
the pharmacy is going to help us with this. They will 
do our authorization stuff for us. And so, that is that. 
Etanercept and click [the button], you are good. 
With those 2 insurance cards, you should be okay.

 Patient:   Okay. (patient ID 150; provider ID 16 and 8)

Deliberations were supported by presumed adequate insur-
ance coverage. This confidence also afforded time to engage the 
patient in deeper discussions about options.

 Doctor:  So infliximab and abatacept. They were before we 
switched to rituxan, right?

 Patient:  Yes.
 Doctor:  So was that an insurance issue that you got the 

infusion rather than the injectable? It was better 
covered?

 Patient:  I guess so. I mean, I did not know I had a choice 
with the infliximab.

 Doctor:  Yeah. Well, there are now 5 different medications 
that work like infliximab.

 Patient:  Mm.
 Doctor:  Adalimumab, there is also certolizumab and 

golimu mab, in addition to the infliximab. So they 
work like infliximab, but each is a little different… 
But they all do basically the same thing. So you’re 
on Medicare now?

 Patient:  Yes.
 Doctor:  Okay. We have to deal with the injectables, 

because that’s the insurance wrinkle here. The 
injectables go on your Part D plan.

 Patient:  Okay.
 Doctor:  You have the Medicare drug plan?
 Patient:  I have [private insurance] with the drug plan, yeah.
 Doctor:  Okay. So we will have to find out through the 

prior authorization process whether it is covered 
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or whether there are alternatives. Everything else 
looks pretty good. (patient ID 100; provider ID 10)

Knowing that pre- authorization was required was viewed as 
less straightforward, and took more time, compared to patients 
in the advantaged group. Nevertheless, the deliberations still 
addressed deeper question/answer sessions about DMARD 
options and about risks and side- effects.

 Doctor:  And then as far as adding another medicine to 
the methotrexate and sulfasalazine… Usually the 
first one we go to would be something like an 
etanercept.

 Patient:  Yeah.
 Doctor:  It is a type of medicine that suppresses part of 

your immune system that causes inflammation.
 Patient:  Mm…but is it dangerous with all those [side- 

effects]?
 Doctor:  The biggest risk is infection.
 Patient:  Right. All that stuff makes me nervous, but I just 

don’t know why I’m not getting better.
 Doctor:  Yeah, the disease is just very active right now. It 

is really common. A lot of people need this kind 
of combination, need something like etanercept.

 Patient:  So you recommend it.
 Doctor:  I would give it a try.
 Patient:  I just want something safe. I’m afraid of all those 

side effects.
 Doctor:  I would probably recommend, you know, trying the 

etanercept first… Tofacitinib [costs] a little bit more. 
What we usually do is we send it to the outpatient 
pharmacy, and then they get the authorization for you. 
We could try the tofacitinib first and see if your insur-
ance will cover that. (patient ID 121; provider ID 15)

At- risk SDM. Uncertain insurance coverage threatened 
high- quality SDM. However, some patients were not aware of 
gaps in coverage or high deductibles, or how these factors could 
limit their choices, which contributed to uncertainty about whether 
a preferred DMARD would be approved.

 Doctor:  Tofacitinib is very expensive.
 Patient:  Oh, it is? Will my insurance cover it?
 Doctor:  It should. But, you know, it will throw you right into 

a donut hole.
 Patient:  What do you mean? (patient ID 114; provider ID 12)

Because cost overshadowed these deliberations, physicians 
reduced time from presenting appropriate DMARDs or discuss-
ing benefits and risks to explain the Medicaid coverage gap. The 
following dialog is from a 6- minute conversation in which the phy-
sician ended up providing literature instead of engaging in SDM.

 Doctor:  I will give you some literature, maybe on that 
hydroxychloroquine, and let’s see what the 
apothecary says about the etanercept copay. I 
will try to research to see if there is anything else, 
any other assistance programs to see if there 
is anything else… Let’s continue etanercept for 
now.

 Patient:  No, I am just, I am a little nervous about what that 
is going to cost me, if I am in the donut hole now.

 Doctor:  Yeah. So, when you are usually in the donut hole, 
do you usually come out of it eventually after a 
few months? Like once you paid for your medica-
tions?

 Patient:  Once I get up to my limit.
 Doctor:  $6,800 you said it was?
 Patient:  Yeah, up to $6,800.
 Doctor:  Yeah, yeah. That just stinks. I am sorry you have 

to go through that. I wish things were different. 
(patient ID 99; provider ID 10)

Uncertain insurance coverage restricted autonomy and 
choice, as illustrated in the passage below.

 Doctor:  Right. And then, did you also lose insurance cov-
erage for the etanercept?

 Patient:  No, but I think it is after 65 or 66, it is not covered 
anymore. There is no [insurance].

 Doctor:  Oh, because of the…
 Patient:  Medicaid.
 Doctor:  Okay.
 Patient:  You know, so I would have to pay full price for 

that, and I cannot afford it.
 Doctor:  Right, right.
 Patient:  $1,000 a month, if not more.
 Doctor:  If we could get you the… so you did well on the 

etanercept.
 Patient:  Yup.
 Doctor:  Okay, would you be, if insurance issue was not an 

issue, would you be willing to go back on that?
 Patient:  Oh yeah. I did not want to go off of it. (patient ID 

10; provider ID 15)

For participants with uncertain, limited insurance coverage, 
the problem of cost dominated available consultation time, depri-
oritizing effective deliberation about risks, drug side- effects, or the 
patient’s concerns about treatment escalation. The need to defer 
to third- party authorization initiated the consultations rather than 
being a tentative end- product of deliberation.

Disrupted SDM. SDM and deliberative choice- making were 
essentially absent for patients with little or no drug coverage. This 
disruption influenced delivery of care by eliminating choice and 
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deliberation about competing harms and benefits. In these cases, 
the ultimate choice was fully dependent upon the third- party payer.

 Doctor:  So, I want you to please, please hear me, and 
think about going to a TNF inhibitor.

 Patient:  I’m really trying.
 Doctor:  Etanercept or adalimumab.
 Patient:  Listen, when my pharmacist called me I was 

considering that I might take it, but he said it was 
gonna cost me $1,700 a month. He asked, “Do 
you really want me to fill this prescription?”

 Patient 
companion:  Doesn’t insurance cover any of that?
 Doctor:  Of course, it does.
 Patient:  My pharmacist actually called me. I was shocked. 

I thought, I don’t think so.
 Doctor:  [We will] do an etanercept pre-authorization. We 

specifically look to see if those side effects hap-
pen, and then we decrease the dose of metho-
trexate or stop it. We’ve had to do that once.

 Patient:  No, I decreased it myself.
 Doctor:  You decreased it yourself…
 Patient:  (laughs)
 Doctor:  Actually, if you think about it, [etanercept] is a 

really much better option for you. I can’t push your 
methotrexate [because of the liver problem].

 Patient:  Okay, I’m interested, in what that insurance cov-
erage is. Cause that was a lot of money. (patient 
ID 94; provider ID 1 and 8)

Whereas physicians typically entered the consultation room 
asking about how a patient was doing and their levels of pain and 
potential treatment options, the conversation was soon hijacked by 
restrictions imposed by cost. Some physicians took a relatively large 
portion of consultation time to encourage and educate patients on 
how to sort out their financial issues so they could access treatment.

 Doctor:  And they would all be available to you based on 
your insurance. We are going to check the insur-
ance thing first.

 Patient:  What insurance? I had to drop my [insurance]. 
But I think I am getting a prescription plan from 
Medicaid. But I had to drop the secondary 
insurer because I need to see this [other doctor 
regularly for another condition].

 Doctor:  Oh okay. Well then, maybe we should talk about 
that. Do you not have a drug plan?

 Patient:  I don’t.
 Doctor:  If you don’t have a Part D plan that covers tofa-

citinib, then you may not be able to get it because 
obviously you won’t be able to afford it out of 
pocket.

 Patient:  Oh, yeah? How much is it out of pocket? Too 
much?

 Doctor:  I would say something on the order of $3,000 to 
$4,000 a month. I said that with a straight face, 
but it’s not funny.

 Patient:  No, it isn’t. (patient ID 96; provider ID 10)

Emphasis on affordability shortened visits and appeared to 
negatively influence deliberations. Those participants experienc-
ing disrupted SDM also appeared to have lower expectations for 
being able to identify a suitable means of escalating care.

DISCUSSION

SDM for treatment escalation in patients with RA can be neg-
atively influenced by uncertain, or inadequate, insurance cover-
age. As the need to deliberate about insurance factors increases, 
the more intrusive and triangulated the decision- making becomes. 
In a triangulated scenario, a third party, e.g., a health insurance 
payer, significantly contributes to the final treatment decision and 
has authority to prevent access to the preferred choice. Triangu-
lated SDM created a barrier that limited the ability of the rheuma-
tologists to fully implement SDM.

Triangulated SDM identifies new areas for policy debate 
about the influence of third- party decision- making on patient 
adherence and might also influence the patients’ perspectives 
about who takes final responsibility for the treatment choice. The 
latter is shown by Nota et al (25) to be the physician. Our findings 
suggest the third- party decision- maker is conceptually situated 
above both patient and rheumatologist during the clinical encoun-
ter, acting as a top- down decisive voice. This influence can sig-
nificantly and adversely impose on the physicians’ best efforts to 
involve patients in the treat- to- target process.

There is also an apparent danger in the possibility that both 
patients and clinicians will feel ignored, which is antithetical to 
patient- centered care and can erode trust (24,26). In addition, 
triangulated decision- making is routinely required for some bio-
logic DMARDs but may erode the foundations of health equity 
for patients with uncertain or limited insurance coverage, because 
decision interference occurs before real deliberation about treat-
ment choices takes place.

The necessity of adequate, stable, and predictable insur-
ance coverage defines effective decisional deliberation and, by 
proxy, best clinical practice. Appeals for greater cost transpar-
ency as it supports effective SDM at the point- of- care should 
be made. One- size- fits- all managed- care drug formularies may 
lack necessary sensitivity to capture individual RA patient needs, 
which these findings suggest can seriously dismantle SDM. Our 
findings support patient uncertainty about affordability as a prob-
lem that can substantially work against effective SDM during 
treatment deliberations and can upend the overall quality of the 
clinical encounter in RA.
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One limitation of this study is that the post- test analysis 
included only data from patients with RA confronting escalation 
of treatment, and the opportunity to evaluate the brochure for 
nonbiologics was missed. Nevertheless, the randomization pro-
cedure of asking all patients to participate may still be considered 
a strength, mainly because patients were not preselected, with 
unknown insight into their current disease status. In addition, the 
final treatment choice was not assessed, which is a potential lim-
itation, since better follow- up as to whether the medication was 
approved by the insurance payor could have provided an accu-
rate estimate of out- of- pocket costs during the SDM process (27). 
This qualitative exploration nevertheless offers a baseline for future 
studies on triangulated SDM in other settings to demonstrate 
coherence with and validate its findings (23).
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Impact of Cyclic Citrullinated Peptide Antibody Level on 
Progression to Rheumatoid Arthritis in Clinically Tested 
Cyclic Citrullinated Peptide Antibody–Positive Patients 
Without Rheumatoid Arthritis
Julia A. Ford,1  Xinyi Liu,1 Allison A. Marshall,2 Alessandra Zaccardelli,1 Maria G. Prado,1 Charlene Wiyarand,1 
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Objective. To investigate the risk of progression to rheumatoid arthritis (RA) in patients who were cyclic citrullinat-
ed peptide (CCP) antibody positive without RA at initial presentation.

Methods. We performed a retrospective cohort study of CCP+ individuals seen at a US tertiary care system 
between 2009 and 2018 who were without RA or other systemic rheumatic disease by medical record review at the 
time of CCP antibody positivity. Progression to classifiable RA was determined through medical record review. We 
investigated the risk of progression to RA overall and stratified by CCP antibody level (low: >1 to 2× the upper limit of 
normal [ULN]; medium: >2 to 3× ULN; high: >3× ULN). Multivariable Cox regression estimated the hazard ratio (HR) 
and 95% confidence interval (95% CI) for RA by CCP antibody level.

Results. We identified 340 CCP+ patients who were without RA or other rheumatic disease at baseline. During 
1,047 person- years of follow- up, 73 patients (21.5%) developed RA. The risk of progression to RA increased with 
CCP antibody level, with 46.0% (95% CI 34.7–55.3) of patients with high- level CCP antibodies progressing to RA 
by 5 years. Compared to low CCP antibody level, medium (HR 3.00 [95% CI 1.32–6.81]) and high (HR 4.83 [95% CI 
2.51–9.31]) CCP antibody levels were strongly associated with progression to RA, adjusting for age, sex, body mass 
index, smoking, family history of RA, and rheumatoid factor level.

Conclusion. Among CCP+ patients without RA, the risk for progression to RA increased substantially with in-
creasing CCP antibody level. This study provides further support for close monitoring for development of RA among 
CCP+ patients and identifying strategies to mitigate this risk.

INTRODUCTION

Rheumatoid arthritis (RA) develops through preclinical phases 
prior to onset of classifiable RA (1). Previous studies have demon-
strated the presence of RA- specific antibodies like cyclic citrul-
linated peptide (CCP) antibody in the serum several years prior 
to RA onset (2–4). To date, much of what is known about CCP+ 
individuals without classifiable RA comes from blood bank studies 
(5–7), studies of unaffected family members of patients with RA 
(8–15), and cohort studies of patients recruited from European 
arthralgia clinics (16–19).

A prospective cohort study (16) of undifferentiated arthritis 
patients showed that CCP+ status was a significant risk factor 
for RA compared to CCP antibody negativity. Similarly, another 
prospective cohort study of seropositive arthralgia patients (17) 
showed that CCP+ status predicted arthritis development com-
pared to being CCP– and that arthritis risk increased with a high 
level of CCP antibodies. While these European cohort studies have 
been instrumental in enhancing knowledge of how RA develops, 
the findings may not be generalizable to the US (where early arthri-
tis or arthralgia clinics are uncommon), and typically the studies 
were performed only among patients with undifferentiated arthritis 
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or arthralgias who agreed to participate in research. Furthermore, 
prior studies compared the presence of CCP antibodies to the 
absence of CCP antibodies, so less is known about the effect of 
CCP antibody level among a population who are all CCP+.

Therefore, we aimed to investigate the risk for progression to 
RA in a clinical population in the US of CCP+ individuals without 
classifiable RA at the time of initial CCP antibody positivity. We first 
aimed to quantify the absolute risk of progression to RA among 
these patients. We then aimed to identify predictors at the time of 
initial CCP+ status for subsequent progression to RA. We hypothe-
sized that increasing CCP antibody levels and the presence of other 
arthritis- related traits would increase the risk for progression to RA.

SUBJECTS AND METHODS

Study design and population. We performed a retro-
spective cohort study among outpatients or inpatients seen at 
Partners HealthCare, a tertiary health care system in Boston, Mas-
sachusetts. In August 2016, we queried the Partners Research 
Patient Data Registry, a research repository of all patients seen 
at Partners hospitals since 1990, to identify all individuals who 
tested positive for CCP antibody (greater than the upper limit of 
normal [ULN] of the laboratory assay) between 2009 and 2016. All 
aspects of this study were approved by the Partners HealthCare 
Institutional Review Board.

To be included in the study, CCP+ individuals age ≥18 years 
had to be free of RA or other systemic rheumatic diseases at the 
index date, defined as the date of the first positive CCP antibody 
result in the medical record. RA status at the index date accord-
ing to 2010 American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) criteria was determined by 
medical record review (20). We excluded patients with other sys-
temic rheumatic diseases at the index date: systemic lupus ery-
thematosus, scleroderma, spondyloarthritis (including ankylosing 

spondylitis, reactive arthritis, psoriatic arthritis), antiphospholipid 
syndrome, mixed connective tissue disease, Sjögren’s syndrome, 
systemic vasculitis, polymyalgia rheumatica, dermatomyositis, 
polymyositis, and juvenile idiopathic arthritis. We performed an 
initial brief medical record screen to filter out these conditions 
and then performed a more detailed review to confirm eligibility. 
Conditions permitted in the study at the index date were gout, 
pseudogout, osteoarthritis, inflammatory bowel disease, pso-
riasis, fibromyalgia, and palindromic rheumatism. We required 
sufficient detail in the medical record at the index date related to 
possible RA and ≥1 follow- up visit for individuals to be included 
in the study. If a diagnosis of RA was made within 28 days of 
the index date, the individual was considered as having prevalent 
RA at the index date and was excluded. All individuals included 
in the study were reviewed independently by 2 rheumatologists 
(JAF, JAS), who agreed that all analyzed patients were without RA 
or systemic rheumatic disease at the index date. Selection of the 
final analyzed study sample is shown in Figure 1.

SIGNIFICANCE & INNOVATIONS
• We performed a retrospective cohort study of cy-

clic citrullinated peptide (CCP) antibody–positive 
patients without systemic rheumatic disease, in-
cluding rheumatoid arthritis (RA), to investigate 
progression to RA in this population.

• Overall risk of progression to RA in the study sample 
was 21.5% during a median of 2.7 years of follow-up.

• Patients with CCP antibody levels 3-fold or higher 
than normal had a 5-fold increased RA risk com-
pared to patients with low-level CCP antibody pos-
itivity (between 1- and 2-fold higher than normal). 
Approximately 46% of patients with high CCP anti-
body levels progressed to RA within 5 years.

• These results quantify the risk of RA associated 
with an elevated CCP antibody level and other clini-
cal characteristics and provide a rationale for close 
monitoring of CCP+ patients for progression to RA.

Figure 1. Flow diagram of the study sample. CCP = cyclic citrullinated 
peptide; RA = rheumatoid arthritis; SRD = systemic rheumatic disease; 
ACR/EULAR = American College of Rheumatology/European League 
Against Rheumatism. * = other systemic rheumatic disease: systemic 
lupus erythematosus, scleroderma, dermatomyositis, polymyositis, 
seronegative spondyloarthropathies (including ankylosing spondylitis, 
reactive arthritis, psoriatic arthritis), antiphospholipid syndrome, 
mixed connective tissue disease, Sjögren’s syndrome, systemic 
vasculitis (including Takayasu arteritis, giant cell arteritis, polyarteritis 
nodosa, Behçet’s disease, IgA vasculitis purpura, antineutrophil 
cytoplasmic antibody–associated vasculitis), polymyalgia rheumatica, 
dermatomyositis, and juvenile idiopathic arthritis.
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Primary exposure: CCP antibody level. The primary 
exposure was CCP antibody level at the index date, measured as 
the fold increase above the ULN of the assay used. Because the 
study population drew from different hospitals whose laboratories 
used different CCP assays over time, the ULN of assays varied by 
site and year. Therefore, we standardized all CCP antibody results 
by dividing by the ULN of the assay used to obtain the fold above 
the ULN. We stratified the CCP antibody level as low (>1 to 2× 
ULN), medium (>2 to 3× ULN), and high (>3× ULN) as clinically 
relevant cut points based on prior literature (21).

Outcome: RA diagnosis. The primary outcome was inci-
dent diagnosis of RA meeting 2010 ACR/EULAR criteria and 
occurring after the index date, as determined by medical record 
review. All cases of incident RA and date of RA diagnosis were 
adjudicated by 2 rheumatologists (JAF, JAS).

Presence and date of diagnosis of other systemic rheumatic 
diseases were identified and reviewed independently by both 
rheumatologists, and the date of death was recorded. We also 
recorded the date of the last clinical follow- up, defined as the last 
clinical note from any physician (regardless of specialty) with a 
problem and medication list. Medical records were reviewed for all 
clinical follow- up as of February 2018.

Covariates. We identified possible confounders based on 
their associations with CCP and RA in prior literature (9,22–26). 
Data were collected as of the index date by medical record review. 
Body mass index (BMI as kg/m2) was calculated based on mea-
sured height and weight through clinical care within 6 months of 
the index date and further categorized as <25, 25–29.9, or ≥30. 
Race was dichotomized as white or nonwhite and education 
level as high school or less versus some college or higher. Smok-
ing status by medical record review was categorized as current 
smoker within 1 year of the index date versus not current smoker 
(including never smoker, former smoker, or unknown smoking sta-
tus). Family history (first-and/or second- degree relatives) was cat-
egorized as present versus absent family history of RA (the latter 
included unknown family history). We recorded rheumatoid factor 
(RF) and antinuclear antibody levels that were measured clinically 
within 1 year of the index date. The erythrocyte sedimentation rate 
and C- reactive protein level were recorded if they were measured 
clinically within 3 months of the index date. Comorbidities (hyper-
tension, thyroid disease, interstitial lung disease, and osteoarthri-
tis) were ascertained from the medical record.

Secondary exposures. We collected data on factors 
important in care delivery in these patients or early symptoms 
or signs of RA. We collected the reason for ordering the initial 
CCP test as described by the ordering clinician (categorized as 
arthralgia, lung disease, abnormal laboratory result, axial pain, 
fatigue, fever, or other clinical conditions). We noted the specialty 
of the ordering physician (rheumatologist versus nonrheumatol-

ogist), duration of joint symptoms (when available), and diagno-
sis of palindromic rheumatism (defined as diagnosis per treating 
physician of any specialty) prior to the index date. Symptoms 
(pain, stiffness, or both reported by the patient) and signs (swell-
ing, tenderness, or both noted by the treating physician) in RA- 
specific and non- RA–specific joints at the index date were also 
collected through medical record review. RA- specific joints were 
defined as metacarpophalangeal joints, proximal interphalangeal 
joints, metatarsophalangeal joints, thumb interphalangeal joints, 
wrists, and elbows, as previously defined (27). Non- RA–specific 
peripheral joints were defined as shoulders, knees, and ankles.

We performed additional medical record review in the sub-
set of patients whose reason for testing CCP was for lung dis-
ease. The nature of lung disease at the index date (interstitial lung 
abnormalities, obstructive disease, nodules/lesions, or other) was 
determined by medical record review and agreed on by 2 rheuma-
tologists (JAF, JAS).

Statistical analysis. We reported baseline characteris-
tics among the entire study sample and stratified by subsequent 
progression or nonprogression to RA using descriptive statistics: 
mean ± SD for normal continuous variables, median and interquar-
tile range (IQR) for non- normal continuous variables, and frequency 
and proportion for categorical variables. We tested for statistical 
differences between RA progressors and nonprogressors using 
univariate tests (t- test for normally distributed continuous vari ables, 
Wilcoxon’s rank sum test for non- normally distributed continuous 
variables, the chi- square test for categorical variables, and Fish-
er’s exact test for categorical variables with low cell size). We also 
reported these baseline characteristics in the subset of patients 
whose reason for ordering CCP testing was for lung disease. We 
reported the reason for ordering the initial CCP test in all patients 
and stratified by subsequent progression or nonprogression to RA. 
We tested for statistical differences between RA progressors and 
nonprogressors in this subset using Fisher’s exact test.

We created Kaplan- Meier curves to visualize RA- free survival 
after the index date according to CCP antibody level, CCP anti-
body level and RF status, CCP antibody level and family history 
of RA, and CCP antibody level and the presence of symptoms 
in RA- specific joints. We used log- rank tests to test for statistical 
differences between Kaplan- Meier curves.

We calculated the absolute risk of progressing to RA at fixed 
time intervals of 1 year, 3 years, and 5 years, due to their use in prior 
literature (28). The absolute risk of progression to RA was calculated 
in all patients and stratified by CCP antibody level (low, medium, 
high), RF status (negative or not sent, low/medium positive, high 
positive), family history of RA, and the presence of symptoms in 
RA- specific joints. We also calculated the absolute risk of RA by 
combinations of dichotomized CCP antibody level (low/medium 
versus high) and RF status, family history, or symptom status. We 
obtained estimates for RA risk and 95% confidence interval (95% 
CI) bounds at each time point using the Kaplan- Meier curves.
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We used Cox proportional hazards models to investigate the 
risk for progression to RA by CCP antibody level.  Person- time 
accrued from the start of the index date. Censoring variables were 
according to the following dates, whichever came first: incident 
RA diagnosis (the primary outcome), diagnosis of other systemic 
rheumatic disease, death, or last documented follow- up note in 
the electronic medical record (end of follow- up). Therefore, we 
determined whether or not a patient had RA at all follow-up 

time analyzed. Initial models for CCP antibody  levels, potential 
confounders, and the secondary exposures were  unadjusted to 
obtain hazard ratios (HRs) and 95% CIs. We used Cox regression 
to estimate the effect of CCP antibody level on RA risk indepen-
dent of potential confounders of age, sex, BMI, smoking, family 
history, and RF level, chosen based on prior literature (9,22–26). 
We did not include the following variables for the multivaria-
ble model, because we considered them to be related to early  

Table 1. Characteristics at index date (initial positive CCP result) in the entire study sample and stratified by those 
who later progressed or did not progress to RA (n = 340)*

Characteristic
All patients 
(n = 340)

Progressed to RA 
(n = 73)

Nonprogressors 
(n = 267) P

Demographics
Age, mean ± SD years 55.0 ± 15.3 53.0 ± 14.2 55.6 ± 15.6 0.19
Female 223 (65.6) 56 (76.7) 167 (62.5) 0.02
White 254 (74.7) 49 (67.1) 205 (76.8) 0.09
Some college education or higher 148 (43.5) 25 (34.2) 123 (46.1) 0.07

Laboratory data
RF level by category

Not sent 14 (4.1) 0 (0.0) 14 (5.2) <0.0001
Negative 242 (71.2) 39 (53.4) 203 (76.0) <0.0001
>1 to 3× ULN (low/medium positive) 38 (11.2) 13 (17.8) 25 (9.4) <0.0001
>3× ULN (high positive) 46 (13.5) 21 (28.8) 25 (9.4) <0.0001

CCP antibody level × ULN, mean ± SD 4.2 ± 4.7 7.5 ± 6.9 3.3 ± 3.5 <0.0001
CCP antibody level by category

>1 to 2× ULN (low positive) 167 (49.1) 14 (19.2) 153 (57.3) <0.0001
>2 to 3× ULN (medium positive) 52 (15.3) 10 (13.7) 42 (15.7) <0.0001
>3× ULN (high positive) 121 (35.6) 49 (67.1) 72 (27.0) <0.0001

ANA titer
Not sent 39 (11.5) 6 (8.2) 33 (12.4) 0.31
Negative 04 (30.6) 18 (24.7) 86 (32.2) 0.31
1:40–1:160 147 (43.2) 35 (47.9) 112 (41.9) 0.31
>1:160 50 (14.7) 14 (19.2) 36 (13.5) 0.31

ESR, mean ± SD mm/hour (n = 269)† 22.5 ± 22.7 23.4 ± 20.6 22.2 ± 23.3 0.36
CRP, mean ± SD mg/liter (n = 231)† 14.2 ± 38.3 16.5 ± 33.4 13.6 ± 39.6 0.03

Lifestyle and family history
Current smoker 40 (11.8) 14 (19.2) 26 (9.7) 0.03
Body mass index, kg/m2

<25 136 (40.0) 30 (41.1) 106 (39.7) 0.97
25 to <30 101 (29.7) 21 (28.8) 80 (30.0) 0.97
≥30 103 (30.3) 22 (30.1) 81 (30.3) 0.97

Family history of RA 50 (14.7) 18 (24.7) 32 (12.0) 0.01
Comorbidities

Hypertension 129 (37.9) 21 (28.8) 108 (40.4) 0.07
Osteoarthritis, any joint 91 (26.8) 16 (21.9) 75 (28.1) 0.29
Hypothyroidism or hyperthyroidism 40 (11.8) 10 (13.7) 30 (11.2) 0.56
Interstitial lung disease 28 (8.3) 0 (0.0) 28 (10.5) 0.004

Clinical presentation
CCP ordered by rheumatologist 159 (46.8) 44 (60.3) 115 (43.1) 0.01
Palindromic rheumatism 32 (9.4) 18 (24.7) 14 (5.2) <0.0001
Symptom duration, mean ± SD weeks 

(n = 254)†
110.7 ± 216.6 115.9 ± 277.7 108.8 ± 191.4 0.69

Symptoms in RA- specific joint‡ 200 (58.8) 54 (74.0) 146 (54.7) 0.003
Signs in RA- specific joint§ 81 (23.8) 26 (35.6) 55 (20.6) 0.008
Swelling in RA- specific joint¶ 46 (13.5) 13 (17.8) 33 (12.4) 0.23

* Values are the number (%) unless indicated otherwise. CCP = cyclic citrullinated peptide; RA = rheumatoid arthritis; 
RF = rheumatoid factor; ULN = upper limit of normal; ANA = antinuclear antibody; ESR = erythrocyte sedimentation 
rate; CRP = C- reactive protein. 
† No. of patients with available data. 
‡ Symptoms include pain, stiffness, or both. RA- specific joint was defined as metacarpophalangeal joints, proximal 
interphalangeal joints, metatarsophalangeal joints, thumb interphalangeal joints, wrists, and elbows. 
§ Symptoms include pain, stiffness, or both. Signs are tenderness, swelling, or both. 
¶ Symptoms include pain, stiffness, or both. 
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symptoms and signs of RA, and not true confounders: spe-
cialty of the ordering physician, testing for indication of arthralgia, 
 palindromic rheumatism, and symptoms/signs/swelling involving 
RA- specific joints.

We tested for the proportional hazards assumption by includ-
ing an interaction term between time after the index date and CCP 
antibody level for RA risk and verifying that there was no statisti-
cally significant interaction. The proportional hazards assumption 
was met in all analyses. Analyses were performed using SAS soft-
ware, version 9.4. We set the threshold for statistical significance 
as a 2- sided P value of less than 0.05.

RESULTS

Baseline characteristics. Among a total of 340 CCP+ 
patients who were without prevalent RA or systemic rheumatic 
disease at baseline, we identified 73 incident RA cases (21.5%) 
during 1,047 person- years of follow- up (incidence rate 69.7 
per 1,000 person- years), with a median follow- up of 2.7 years/
patient (IQR 1.1–4.6). Eleven patients (2.9%) developed systemic 
rheumatic diseases other than RA during follow- up (consisting of 
systemic lupus erythematosus, antineutrophil cytoplasmic anti-
body–associated vasculitis, polymyalgia rheumatica, and spondy-
loarthritis). Twenty patients (5.9%) died during follow- up.

Baseline characteristics of the study sample, overall and 
stratified by progressors to RA versus nonprogressors, are shown 
in Table 1. The study sample overall was 65.6% female and 74.7% 
white with a mean ± SD age of 55.0 ± 15.3 years.

Reason for ordering initial CCP test. The reasons for 
ordering the initial CCP testing are shown in Table 2. Arthralgia 
(75.9%) was the most common reason, followed by lung disease 
(10.0%). Of the patients for whom the reason for checking CCP 
antibody status was an abnormal laboratory value, axial joint pain, 
fatigue, or fever, none progressed to RA.

Subgroup of CCP+ ordered for lung disease. Character-
istics of the subgroup of patients who had CCP antibodies checked 

for lung disease evaluation (n = 34) are shown in Supplementary 
Table 1, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23820/ abstract. The 
median duration of follow- up in this subgroup was 25.0 months (IQR 
10.8–48.0 months), and 7 patients (20.6%) died during follow- up. 
Only 38.2% were female, mean ± SD age was 66.9 ± 12.8 years, 
and most were white (76.5%). Current smokers comprised 8.8% 
of this subgroup, and 58.8% were former smokers. The proportion 
of patients with low- level (47.1%), medium- level (20.6%), or high- 
level (32.4%) CCP antibodies was similar to the overall study sam-
ple. The underlying lung diseases were interstitial lung abnormalities 
(70.6%), pleural effusion (8.8%), nodules/masses (5.9%), pulmonary 
hypertension (5.9%), chronic obstructive pulmonary disease (2.9%), 
bronchiectasis (2.9%), and hemoptysis (2.9%). Only 1 of these 34 
patients (2.9%) progressed to RA during follow- up, and 1 patient 
developed another systemic rheumatic disease (spondyloarthritis).

Absolute risk of progression to RA. The absolute risk 
of progression to RA at 1, 3, and 5 years is shown in Table 3, 
and corresponding Kaplan- Meier curves showing RA- free survival 
are in Figure 2. For all patients, the 5- year risk was 25.3% (95% 
CI 19.6–30.6). Absolute risk of progression to RA increased with 
increasing CCP antibody level; for example, among patients with 
high- level CCP antibodies, 1- year risk was 24.9% (95% CI 16.4–
32.6), 3- year risk was 41.5% (95% CI 30.9–50.4), and 5- year risk 
was 46.0% (95% CI 34.7–55.3). The absolute risk of progression 
to RA also increased with increased RF level, having a family his-
tory of RA, and the presence of symptoms in RA- specific joints.

The risk of progression to RA according to the CCP antibody 
level in combination with RF status (positive or negative), family his-
tory of RA (positive or negative), or symptoms in RA- specific joints 
(present or absent) is shown in Table 3 and Figure 2. For exam-
ple, with respect to CCP antibody level and a family history of RA, 
patients with high- level CCP antibodies and a positive family history 
were at the highest risk (5- year risk 61.8% [95% CI 32.5–78.4]).

Cox regression models. Unadjusted and multivar-
iable HRs for RA are shown in Table  4. Compared to low- 

Table 2. Clinical reason for ordering initial CCP test (n = 340)*

Reason All patients Progressed to RA Nonprogressors P
Arthralgia 258 (75.9) 70 (95.9) 188 (70.4) <0.0001
Lung disease 34 (10.0) 1 (1.4) 33 (12.4) <0.0001
Abnormal laboratory results† 16 (4.7) 0 (0.0) 16 (6.0) <0.0001
Axial pain (neck, back, or hip) 4 (1.2) 0 (0.0) 4 (1.5) 0.06
Fatigue 3 (0.9) 0 (0.0) 3 (1.1) 0.13
Fever 2 (0.6) 0 (0.0) 2 (0.8) 0.25
Miscellaneous symptoms or 

other clinical conditions‡
20 (5.9) 2 (2.7) 18 (6.7) 0.0002

* Values are the number (%) unless indicated otherwise. CCP = cyclic citrullinated peptide; RA = rheu-
matoid arthritis. 
† Includes one or more of following: antinuclear antibody, erythrocyte sedimentation rate, C- reactive pro-
tein level, rheumatoid factor, creatine phosphokinase, platelets, hepatitis C positivity, cryoglobulinemia. 
‡ Includes rash, sicca symptoms, myalgia, paresthesia/neuropathy, scleritis, Raynaud’s phenomenon, 
cirrhosis, pericarditis. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23820/abstract
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level CCP antibodies, medium- level (HR 2.75 [95% CI 
1.22–6.19]) and high- level (HR 6.18 [95% CI 3.40–11.2])  
antibodies were associated with increased RA risk in the  
unadjusted analysis. An increased CCP antibody level remained 
associated with progression to RA when adjusted for age, sex, 
BMI, smoking, and family history (medium CCP: HR 2.94 [95% 
CI 1.30–6.69]; high CCP: HR 5.86 [95% CI 3.20–10.7]; refer-
ence: low CCP). When also adjusted for RF level, CCP antibody 
level remained predictive of RA (medium CCP: HR 3.00 [95% CI 
1.32–6.81]; high CCP: HR 4.83 [95% CI 2.51–9.31]) compared 
to low CCP.

Unadjusted HRs for RA with respect to the specialty of the 
ordering physician, whether CCP testing was ordered for arthral-
gias, the presence of symptoms in RA- specific joints, signs in 
RA- specific joints, swelling in RA- specific joints, and palindro-
mic rheumatism are shown in Supplementary Table 2, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23820/ abstract. Testing of CCP for 
arthralgias was associated with increased risk for RA (HR 7.84 
[95% CI 2.47–24.9]), as was the presence of signs (swelling or 
tenderness) in RA- specific joints (HR 1.91 [95% CI 1.18–3.09]).

DISCUSSION

In a US hospital- based cohort of 340 CCP+ patients who 
were without RA or other systemic rheumatic disease at the time 

of initial CCP antibody positivity, 21.5% went on to develop RA 
according to 2010 ACR/EULAR criteria. The strongest predictor 
of RA risk was CCP antibody level, with high- level CCP antibod-
ies conferring a 5- fold increased hazard for RA independent of 
age, sex, BMI, smoking, family history, and RF level. Our results 
suggest that approximately 46% of patients with high- level CCP 
antibodies develop RA within 5 years.

Studies involving blood banks or asymptomatic first- degree 
relatives of patients with RA have demonstrated that CCP antibody 
positivity is significantly associated with increased risk of progression 
to RA. In a Swedish blood bank case–control study comparing 83 
RA cases to age-  and sex- matched controls, Rantapää- Dahlqvist 
et al (2) found that at any time prior to RA diagnosis, CCP antibod-
ies were positive prior to diagnosis in 34% of RA patients and were 
predictive of RA development (HR 16.1 [95% CI 3.3–76.7]) com-
pared to CCP antibody negativity. Ramos- Remus et al (8) tested 
819 healthy relatives of RA patients for CCP antibodies and RF 
and followed them longitudinally for 5 years, with 2% developing 
RA during follow- up; CCP+ relatives had an HR of 223.1 (95% CI 
63.8–779.9) for RA compared to CCP– relatives. Because these 
studies investigated RA risk for seropositivity compared to sero-
negativity in a largely asymptomatic population, these findings may 
not be applicable to a clinical population who all have seropositivity 
and a clinical indication for CCP antibody testing.

Cohort studies of patients recruited from arthralgia referral 
clinics in Europe have also advanced the understanding of the 

Table 3. Absolute risk of progression to RA among patients with CCP antibody positivity but no RA by specified 
follow- up*

1- year risk 3- year risk 5- year risk
All patients 12.8 (9.1–16.4) 21.0 (16.0–25.6) 25.3 (19.6–30.6)
CCP >1 to 2× ULN (low) 5.6 (2.0–9.2) 7.3 (3.0–11.5) 10.2 (4.3–15.7)
CCP >2 to 3× ULN (medium) 8.2 (0.1–15.6) 18.0 (4.2–29.8) 27.4 (8.6–42.3)
CCP >3× ULN (high) 24.9 (16.4–32.6) 41.5 (30.9–50.4) 46.0 (34.7–55.3)
RF negative or not sent 9.1 (5.4–12.6) 14.9 (10.0–19.6) 18.3 (12.4–23.7)
RF >1 to 3× ULN (low/medium) 16.2 (3.4–27.3) 32.3 (14.2–46.6) 37.9 (16.9–53.7)
RF >3× ULN (high) 32.1 (15.8–45.2) 44.1 (25.5–58.1) 51.8 (31.2–66.2)
No family history of RA 11.0 (7.2–14.6) 17.9 (12.9–22.6) 21.3 (15.6–26.6)
Family history of RA 24.2 (10.5–35.9) 40.1 (21.6–54.2) 53.6 (25.8–71.0)
No symptoms in RA- specific joint 8.0 (3.1–12.6) 13.5 (6.7–19.8) 16.8 (8.7–24.1)
Symptoms in RA- specific joint† 16.1 (10.8–21.2) 25.9 (19.0–32.1) 30.6 (22.9–37.6)
CCP low or medium and RF– 6.5 (2.8–9.9) 9.4 (4.8–13.8) 12.8 (6.9–18.3)
CCP low or medium and RF+ 5.0 (0.0–14.1) 12.3 (0.0–27.2) 22.1 (0.0–42.1)
CCP high and RF– 17.5 (7.0–26.9) 33.0 (18.4–45.0) 36.1 (20.6–48.6)
CCP high and RF+ 31.4 (18.2–42.5) 47.7 (32.3–59.7) 53.3 (36.7–65.6)
CCP low or medium, negative family history of RA 5.9 (2.5–9.2) 8.8 (4.4–13.1) 12.0 (6.3–17.4)
CCP low or medium, positive family history of RA 10.5 (0.0–23.4) 18.0 (0.0–34.9) 38.5 (0.0–66.6)
CCP high, negative family history of RA 21.6 (12.5–29.8) 36.6 (25.0–46.5) 40.3 (28.0–50.5)
CCP high, positive family history of RA 34.4 (13.1–50.4) 55.5 (27.9–72.5) 61.8 (32.5–78.4)
CCP low or medium, no symptoms in RA- specific joint 2.3 (0.0–5.3) 7.2 (0.7–13.2) 11.8 (2.8–20.0)
CCP low or medium, symptoms in RA- specific joint 9.6 (4.0–14.8) 11.9 (5.5–17.8) 15.5 (7.5–22.8)
CCP high, no symptoms in RA- specific joint 22.3 (7.3–34.8) 29.1 (11.9–43.0) 29.1 (11.9–43.0)
CCP high, symptoms in RA- specific joint 25.6 (15.2–34.7) 45.9 (32.7–56.6) 52.0 (37.9–62.9)

* Values are the percentage (95% confidence interval). RA = rheumatoid arthritis; CCP = cyclic citrullinated  peptide; 
ULN = upper limit of normal; RF = rheumatoid factor. 
† RA- specific joints were defined as metacarpophalangeal joints, proximal interphalangeal joints, metatarsopha-
langeal joints, thumb interphalangeal joints, wrists, or elbows. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23820/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23820/abstract
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impact of CCP antibodies on RA risk. A prospective cohort study 
by van Gaalen et al (16) of patients with undifferentiated arthritis 
recruited to an early arthritis clinic in The Netherlands showed that 
93% of CCP+ patients with undifferentiated arthritis developed 
classifiable RA according to 1987 ACR criteria within 3 years of  
follow- up (29). Being CCP+ was a significant risk factor for RA, 
with an odds ratio of 37.8 (95% CI 13.8–111.9) compared to 
being CCP–. However, this study was performed prior to devel-
opment of the 2010 ACR/EULAR classification criteria (20), 
which allowed for earlier RA detection, so some of those with 
undifferentiated arthritis who were CCP+ likely had RA at baseline 
under the new criteria. We did not limit our study to patients with 
articular signs or symptoms, which may explain why the abso-
lute RA risk was higher in that cohort compared to our study. 
In a prospective cohort study of 147 seropositive patients with 
arthralgias recruited in The Netherlands (17), CCP antibody pos-
itivity was associated with arthritis development (HR 6.0 [95% CI 

1.8–19.8]) compared to CCP antibody negativity. Among CCP+ 
patients, RA risk increased with higher CCP  antibody levels. 
Rakieh et al (19) prospectively followed 100 CCP+ patients with 
arthralgia in the UK for a median of 20 months, and 43% devel-
oped RA according to 2010 ACR/EULAR criteria. The majority 
(>80%) of that cohort had high- level CCP antibodies, and all had 
articular symptoms that may explain this higher RA incidence 
compared to our study. Rakieh et al analyzed a combined vari-
able of high level RF and/or CCP (defined as >3× ULN for either 
assay) in multivariable analyses, and there was an HR of 4.52 
(95% CI 1.07–19.15) for inflammatory arthritis compared to lower 
levels of these autoantibodies, similar to our findings. Overall, our 
study adds to the literature by investigating a CCP+ population 
tested through routine clinical care in the US in the current era 
of RA diagnosis. We were able to directly compare high-  to low- 
level CCP antibody positivity and also had detailed granular data 
available related to the reason for ordering the test and clinical 

Figure 2. Kaplan- Meier curves for rheumatoid arthritis–free survival after the index date of initial cyclic citrullinated peptide (CCP) antibody 
positivity according to: A, CCP antibody in 3 levels. B, CCP antibody binary level and rheumatoid factor (RF) status. C, CCP antibody binary 
level and presence/absence of family history of rheumatoid arthritis (RA). D, CCP antibody binary level and presence/absence of symptoms 
(pain, stiffness, or both) in RA- specific joints. RA- specific joints were defined as metacarpophalangeal joints, proximal interphalangeal joints, 
metatarsophalangeal joints, thumb interphalangeal joints, wrists, and elbows. ULN = upper limit of normal.
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characteristics at the time of CCP antibody positivity for predict-
ing subsequent progression to RA.

Our study highlights the importance of CCP antibody level on 
the risk for progression to RA, independent of other known risk 
factors. Because patients in our study had CCP testing ordered as 
part of routine clinical care, our findings may be helpful to clinicians 
confronted with interpretation of a positive CCP test. Knowledge 
of the absolute risk of progressing to RA among CCP+ patients 
without RA based on their CCP antibody level and other clinical 
factors could encourage lifestyle changes and affect subsequent 
screening. For example, at- risk patients could be encouraged 
(30,31) to quit smoking (24,25,27), increase fish intake (32–34), 
lose weight (24,35,36), and improve dental hygiene (37). Further-
more, there is increasing interest in primary prevention of RA in 
at- risk patient populations (38,39).

We found that only 1 of the 34 patients who had CCP 
tested for lung disease went on to develop RA. This group had 
high mortality (20.6% versus 5.9% in the overall study sam-
ple), so they had a shorter duration of follow- up (median 25.0 
months versus 32.4 months). Citrullination of proteins can occur 
in the lung and is influenced by smoking, which suggests that 
autoimmunity may begin in respiratory mucosa prior to articular 
involvement (40,41). Whether CCP antibody positivity in patients 
with interstitial lung disease represents a pre- RA state, or CCP 
antibody positivity is unrelated to future articular manifestations 
requires further study. Few patients in our study who had CCP 
tested for a clinical indication other than arthralgia went on to 
develop RA during follow- up. While CCP antibody has high 
specificity for RA (42), we demonstrated that the clinical context 

in which CCP is tested clearly affects the risk for progression 
to RA.

Our study has several limitations inherent to a retrospec-
tive cohort design. While we collected detailed data on clinical 
and demographic characteristics, there remains the possibility of 
unmeasured confounding. We had to rely on clinical notes that 
may not have included completely accurate details, particularly 
for articular symptoms and signs. We were unable to perform 
analyses based on hand or foot radiographs since these were only 
performed in a minority of patients. Further, we had to rely on the 
treating clinician’s impression and choice not to diagnose and treat 
for RA at the index date. We mitigated the possibility that patients 
may have had untreated RA at the index date by excluding patients 
who quickly progressed to RA, because they were likely to have 
had prevalent RA at baseline. Diagnostic uncertainty is inherent in a 
complex disease such as RA, so our study may aid clinicians faced 
with patients who have symptoms and are CCP+ but without clear 
RA. Because our medical record is exclusive to our health care 
system, we may not have captured whether RA was diagnosed 
outside of our system. However, we assessed all notes and prob-
lem lists for RA or RA- related medications and censored at the last 
RA- free note from a clinician regardless of specialty to maximize 
the likelihood that patients were free of RA or other systemic rheu-
matic diseases during all analyzed follow-up. While all patients in 
our study were CCP+, not all patients were tested using the same 
CCP assay. Therefore, we standardized CCP antibody level based 
on the fold above ULN. However, the type of CCP assay used may 
affect diagnostic performance and titer (43). Therefore, possibly 
some patients with low CCP antibody positivity were false posi-

Table 4. Unadjusted and multivariable hazard ratios for progression to rheumatoid arthritis among patients with CCP antibody 
positivity (n = 340)*

Cases/ 
person- years

IR per 1,000 
person- years Unadjusted Model 1† Model 2‡

CCP antibody level
>1 to 2× ULN (low) 14/589 23.8 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
>2 to 3× ULN (medium) 10/143 69.9 2.75 (1.22–6.19) 2.94 (1.30–6.69) 3.00 (1.32–6.81)
>3× ULN (high) 49/315 155.6 6.18 (3.40–11.2) 5.86 (3.20–10.7) 4.83 (2.51–9.31)

Age, continuous per year NA – 0.99 (0.98–1.01) 1.00 (0.98–1.01) 1.00 (0.98–1.01)
Male 17/359 47.4 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Female 56/687 81.5 1.75 (1.01–3.01) 1.79 (1.01–3.16) 1.84 (1.04–3.25)
Body mass index, kg/m2

<25 30/401 74.8 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
25 to <30 21/333 63.1 0.89 (0.51–1.55) 1.15 (0.65–2.06) 1.00 (0.55–1.83)
≥30 22/312 70.5 0.96 (0.55–1.66) 0.91 (0.51–1.62) 0.86 (0.48–1.53)

Not current smoker 59/918 64.3 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Current smoker 14/129 108.5 1.78 (0.99–3.19) 1.68 (0.92–3.07) 1.43 (0.76–2.69)
No family history of RA 55/946 58.1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Family history of RA 18/100 180.0 2.62 (1.53–4.51) 1.76 (1.00–3.10) 1.63 (0.92–2.91)
RF level

Negative or not sent 39/819 47.6 1.00 (Ref.) – 1.00 (Ref.)
>1 to 3× ULN (low/medium) 13/12 107.4 2.26 (1.20–4.23) – 1.20 (0.60–2.39)
>3× ULN (high) 21/106 198.1 3.80 (2.22–6.49) – 1.84 (0.95–3.56)

* Values are the hazard ratio (95% confidence interval), unless indicated otherwise. CCP = cyclic citrullinated peptide; IR = incidence 
rate; ULN = upper limit of normal; Ref. = reference; NA = not applicable; RA = rheumatoid arthritis; RF = rheumatoid factor. 
† Multivariable, adjusted for age, sex, body mass index, smoking, and family history of RA. 
‡ Multivariable, adjusted for variables in model 1 and rheumatoid factor level. 
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tives or may have been negative on other CCP assays. In addition, 
our small sample size had limited power to detect associations of 
elevated BMI and smoking for progression to RA. Finally, our study 
sample was drawn from a single tertiary care system in Boston, 
so it may not be generalizable to community care settings or other 
geographic regions. We did not collect detailed geographic infor-
mation on included subjects, but most likely resided in the greater 
Boston area. Further research is needed to extend these obser-
vations to other settings. Furthermore, while we feel that studying 
patients when CCP was tested for clinical reasons is a strength of 
the study, we would emphasize that the predictive value of CCP 
antibody level demonstrated in our study may not apply to other 
CCP+ populations outside of a clinical setting.

A major strength of our study is the clinical setting in the US 
with detailed data on the indication for testing CCP as well as 
demographics, lifestyle, symptoms, signs, comorbidities, labo-
ratory results, and family history. Thus, we were able to quantify 
the risk for progression to RA for a variety of clinical scenarios 
pertinent for treating clinicians. We were able to estimate the 
absolute risk based on CCP antibody level and combinations of 
RA risk factors in this real- world population that may be applied 
to other patients who present clinically in the US. Unlike other 
studies, we did not restrict our study to patients referred to a 
specialty clinic with articular signs or symptoms. Furthermore, 
for all outcomes in our study, 2 rheumatologists agreed on RA 
outcome, date of diagnosis, and the absence of prevalent RA 
at the index date, to ensure that we truly captured incident RA 
in our cohort. Finally, we applied the 2010 ACR/EULAR cri teria 
to determine prevalent and incident RA, whereas some prior 
studies used 1987 ACR criteria and most of the follow- up in our 
study occurred after 2010. Thus, our study quantifies RA risk for 
a clinical US CCP+ population in the current era of RA research.

In conclusion, we found that CCP antibody level was pre-
dictive of progression to RA in a clinical US cohort of CCP+ 
patients without classifiable RA. These findings provide evidence 
for close monitoring for development of RA in this population. Fur-
ther research is needed to identify pharmacologic and nonphar-
macologic strategies to prevent progression to RA among these 
patients at very elevated risk for RA.

ACKNOWLEDGMENT

The authors thank the staff of the Clinical Immunology Lab-
oratory at the Brigham and Women’s Hospital for their helpful 
assistance.

AUTHOR CONTRIBUTIONS

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

Study conception and design. Ford, Sparks.
Acquisition of data. Ford, Marshall, Zaccardelli, Prado, Wiyarand, Sparks.
Analysis and interpretation of data. Ford, Liu, Marshall, Zaccardelli, 
Prado, Wiyarand, Lu, Karlson, Schur, Deane, Sparks.

REFERENCES
 1. Deane KD. Can rheumatoid arthritis be prevented? Best Pract Res 

Clin Rheumatol 2013;27:467–85.

 2. Rantapää-Dahlqvist S, de Jong BA, Berglin E, Hallmans G, Wadell 
G, Stenlund H, et al. Antibodies against cyclic citrullinated peptide 
and IgA rheumatoid factor predict the development of rheumatoid 
arthritis. Arthritis Rheum 2003;48:2741–9.

 3. Nielen MM, van Schaardenburg D, Reesink HW, van de Stadt RJ, 
van der Horst-Bruinsma IE, de Koning MH, et al. Specific autoanti-
bodies precede the symptoms of rheumatoid arthritis: a study of se-
rial measurements in blood donors. Arthritis Rheum 2004;50:380–6.

 4. Kokkonen H, Mullazehi M, Berglin E, Hallmans G, Wadell G,  Ronnelid 
J, et al. Antibodies of IgG, IgA and IgM isotypes against cyclic cit-
rullinated peptide precede the development of rheumatoid arthritis. 
Arthritis Res Ther 2011;13:R13.

 5. Chibnik LB, Mandl LA, Costenbader KH, Schur PH, Karlson EW. 
Comparison of threshold cutpoints and continuous measures of 
anti- cyclic citrullinated peptide antibodies in predicting future rheu-
matoid arthritis. J Rheumatol 2009;36:706–11.

 6. Arkema EV, Goldstein BL, Robinson W, Sokolove J, Wagner CA, 
Malspeis S, et al. Anti- citrullinated peptide autoantibodies, human 
leukocyte antigen shared epitope and risk of future rheumatoid ar-
thritis: a nested case- control study. Arthritis Res Ther 2013;15:R159.

 7. Sokolove J, Bromberg R, Deane KD, Lahey LJ, Derber LA, Chandra 
PE, et al. Autoantibody epitope spreading in the pre- clinical phase 
predicts progression to rheumatoid arthritis. Matloubian M, ed. PLoS 
One 2012;7:e35296.

 8. Ramos-Remus C, Castillo-Ortiz JD, Aguilar-Lozano L, Padilla-Ibarra J, 
Sandoval-Castro C, Vargas-Serafin CO, et al. Autoantibodies in predic-
tion of the development of rheumatoid arthritis among healthy relatives 
of patients with the disease. Arthritis Rheumatol 2015;67:2837–44.

 9. Sparks JA, Chen CY, Hiraki LT, Malspeis S, Costenbader KH,  Karlson 
EW. Contributions of familial rheumatoid arthritis or lupus and envi-
ronmental factors to risk of rheumatoid arthritis in women: a prospec-
tive cohort study. Arthritis Care Res (Hoboken) 2014;66:1438–46.

 10. Young KA, Deane KD, Derber LA, Hughes-Austin JM, Wagner CA, 
Sokolove J, et al. Relatives without rheumatoid arthritis show reactiv-
ity to anti–citrullinated protein/peptide antibodies that are associated 
with arthritis- related traits: studies of the etiology of rheumatoid ar-
thritis. Arthritis Rheum 2013;65:1995–2004.

 11. Demoruelle MK, Parish MC, Derber LA, Kolfenbach JR, Hughes-Austin  
JM, Weisman MH, et al. Performance of anti–cyclic citrullinated 
peptide assays differs in subjects at increased risk of rheumatoid 
arthritis and subjects with established disease. Arthritis Rheum 
2013;65:2243–52.

 12. Hughes-Austin JM, Deane KD, Derber LA, Kolfenbach JR, Zerbe 
GO, Sokolove J, et al. Multiple cytokines and chemokines are asso-
ciated with rheumatoid arthritis- related autoimmunity in first- degree 
relatives without rheumatoid arthritis: Studies of the Aetiology of 
Rheumatoid Arthritis (SERA). Ann Rheum Dis 2013;72:901–7.

 13. Koppejan H, Trouw LA, Sokolove J, Lahey LJ, Huizinga TJ, Smolik 
IA, et al. Role of anti–carbamylated protein antibodies compared to 
anti–citrullinated protein antibodies in indigenous North Americans 
with rheumatoid arthritis, their first- degree relatives, and healthy con-
trols. Arthritis Rheumatol 2016;68:2090–8.

 14. Frisell T, Saevarsdottir S, Askling J. Family history of rheumatoid ar-
thritis: an old concept with new developments. Nat Rev Rheumatol 
2016;12:335–43.



FORD ET AL 1592       |

 15. Jiang X, Frisell T, Askling J, Karlson EW, Klareskog L, Alfredsson 
L, et  al. To what extent is the familial risk of rheumatoid arthritis 
explained by established rheumatoid arthritis risk factors? Arthritis 
Rheumatol 2015;67:352–62.

 16. Van Gaalen FA, Linn-Rasker SP, van Venrooij WJ, de Jong BA, 
Breedveld FC, Verweij CL, et al. Autoantibodies to cyclic citrullinated 
peptides predict progression to rheumatoid arthritis in patients with 
undifferentiated arthritis: a prospective cohort study. Arthritis Rheum 
2004;50:709–15.

 17. Bos WH, Wolbink GJ, Boers M, Tijhuis GJ, de Vries N,  
van der Horst-Bruinsma IE, et al. Arthritis development in patients with 
arthralgia is strongly associated with anti- citrullinated protein antibody 
status: a prospective cohort study. Ann Rheum Dis 2010;69:490–4.

 18. Bizzaro N, Bartoloni E, Morozzi G, Manganelli S, Riccieri V, Sabati-
ni P, et al. Anti- cyclic citrullinated peptide antibody titer predicts 
time to rheumatoid arthritis onset in patients with undifferentiated 
arthritis: results from a 2- year prospective study. Arthritis Res Ther 
2013;15:R16.

 19. Rakieh C, Nam JL, Hunt L, Hensor EM, Das S, Bissell LA, et al. 
Predicting the development of clinical arthritis in anti- CCP positive 
individuals with non- specific musculoskeletal symptoms: a prospec-
tive observational cohort study. Ann Rheum Dis 2015;74:1659–66.

 20. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, 
et al. 2010 rheumatoid arthritis classification criteria: an American 
College of Rheumatology/European League Against Rheumatism 
collaborative initiative. Ann Rheum Dis 2010;69:1580–8.

 21. Peoples C, Valiyil R, Davis RB, Shmerling RH. Clinical use of anti- cyclic  
citrullinated peptide antibody testing [abstract]. J Clin Rheumatol 
2013;19:351–2.

 22. Gabriel SE, Crowson CS, O’Fallon WM. The epidemiology of rheu-
matoid arthritis in Rochester, Minnesota, 1955–1985. Arthritis 
Rheum 1999;42:415–20.

 23. Crowson CS, Matteson EL, Myasoedova E, Michet CJ, Ernste FC, 
Warrington KJ, et al. The lifetime risk of adult- onset rheumatoid 
 arthritis and other inflammatory autoimmune rheumatic diseases. 
Arthritis Rheum 2011;63:633–9.

 24. De Hair MJ, Landewé RB, van de Sande MG, van Schaardenburg 
D, van Baarsen LG, Gerlag DM, et al. Smoking and overweight de-
termine the likelihood of developing rheumatoid arthritis. Ann Rheum 
Dis 2013;72:1654–8.

 25. Karlson EW, Chang SC, Cui J, Chibnik LB, Fraser PA, De Vivo I, et al. 
Gene- environment interaction between HLA- DRB1 shared epitope 
and heavy cigarette smoking in predicting incident rheumatoid ar-
thritis. Ann Rheum Dis 2010;69:54–60.

 26. Hemminki K, Li X, Sundquist J, Sundquist K. Familial associations 
of rheumatoid arthritis with autoimmune diseases and related condi-
tions. Arthritis Rheum 2009;60:661–8.

 27. Sparks JA, Chang SC, Deane KD, Gan RW, Kristen Demoruelle M, 
Feser ML, et al. Associations of smoking and age with inflammato-
ry joint signs among unaffected first- degree relatives of rheumatoid 
arthritis patients: results from Studies of the Etiology of Rheumatoid 
Arthritis. Arthritis Rheumatol 2016;68:1828–38.

 28. Van de Stadt LA, Witte BI, Bos WH, van Schaardenburg D. A pre-
diction rule for the development of arthritis in seropositive arthralgia 
patients. Ann Rheum Dis 2013;72:1920–6.

 29. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,  Cooper 
NS, et al. The American Rheumatism Association 1987 revised cri-

teria for the classification of rheumatoid arthritis. Arthritis Rheum 
1988;31:315–24.

 30. Sparks JA, Iversen MD, Yu Z, Triedman NA, Prado MG, Miller Kroouze 
RM, et al. Disclosure of personalized rheumatoid arthritis risk using 
genetics, biomarkers, and lifestyle factors to motivate health behav-
ior improvements: a randomized controlled trial. Arthritis Care Res 
 (Hoboken) 2018;70:823–33.

 31. Prado MG, Iversen MD, Yu Z, Miller Kroouze R, Triedman NA, Kalia 
SS, et al. Effectiveness of a web- based personalized rheumatoid 
arthritis risk tool with or without a health educator for knowledge 
of rheumatoid arthritis risk factors. Arthritis Care Res (Hoboken) 
2018;70:1421–30.

 32. Shapiro JA, Koepsell TD, Voigt LF, Dugowson CE, Kestin M, Nelson 
JL. Diet and rheumatoid arthritis in women: a possible protective 
effect of fish consumption. Epidemiology 1996;7:256–63.

 33. Rosell M, Wesley AM, Rydin K, Klareskog L, Alfredsson L, and the 
EIRA study group. Dietary fish and fish oil and the risk of rheumatoid 
arthritis. Epidemiology 2009;20:896–901.

 34. Gan RW, Demoruelle MK, Deane KD, Weisman MH, Buckner JH, 
Gregersen PK, et al. Omega- 3 fatty acids are associated with a low-
er prevalence of autoantibodies in shared epitope- positive subjects 
at risk for rheumatoid arthritis. Ann Rheum Dis 2017;76:147–52.

 35. Lu B, Hiraki LT, Sparks JA, Malspeis S, Chen CY, Awosogba JA, 
et al. Being overweight or obese and risk of developing rheumatoid 
arthritis among women: a prospective cohort study. Ann Rheum Dis 
2014;73:1914–22.

 36. Qin B, Yang M, Fu H, Ma N, Wei T, Tang Q, et al. Body mass index 
and the risk of rheumatoid arthritis: a systematic review and dose- 
response meta- analysis. Arthritis Res Ther 2015;17:86.

 37. De Pablo P, Dietrich T, McAlindon TE. Association of periodontal 
 disease and tooth loss with rheumatoid arthritis in the US population. 
J Rheumatol 2008;35:70–6.

 38. Gonzalez-Lopez L, Gamez-Nava JI, Jhangri G, Russell AS, 
 Suarez-Almazor ME. Decreased progression to rheumatoid arthri-
tis or other connective tissue diseases in patients with palindromic 
rheumatism treated with antimalarials. J Rheumatol 2000;27:41–6.

 39. Burgers LE, Allaart CF, Huizinga TW, van der Helm-van Mil AH. 
 Clinical trials aiming to prevent rheumatoid arthritis cannot detect 
prevention without adequate risk stratification: a trial of methotrexate 
versus placebo in undifferentiated arthritis as an example. Arthritis 
Rheumatol 2017;69:926–31.

 40. Aubart F, Crestani B, Nicaise-Roland P, Tubach F, Bollet C, Dawidowicz 
K, et al. High levels of anti- cyclic citrullinated peptide autoantibodies 
are associated with co- occurrence of pulmonary diseases with rheu-
matoid arthritis. J Rheumatol 2011;38:979–82.

 41. Makrygiannakis D, Hermansson M, Ulfgren AK, Nicholas AP, 
 Zendman AJ, Eklund A, et al. Smoking increases peptidylarginine 
deiminase 2 enzyme expression in human lungs and increases cit-
rullination in BAL cells. Ann Rheum Dis 2008;67:1488–92.

 42. Avouac J, Gossec L, Dougados M. Diagnostic and predictive value 
of anti- cyclic citrullinated protein antibodies in rheumatoid arthritis: a 
systematic literature review. Ann Rheum Dis 2005;65:845–51.

 43. Van Hoovels L, Jacobs J, Vander Cruyssen B, Van den Bremt S, 
 Verschueren P, Bossuyt X. Performance characteristics of rheu-
matoid factor and anti- cyclic citrullinated peptide antibody assays 
may impact ACR/EULAR classification of rheumatoid arthritis. Ann 
Rheum Dis 2018;77:667–77.



1593  

Arthritis Care & Research
Vol. 71, No. 12, December 2019, pp 1593–1599
DOI 10.1002/acr.23810 
© 2018, American College of Rheumatology

Screening of Hyperlipidemia Among Patients With 
Rheumatoid Arthritis in the United States
Iris Navarro-Millán,1  Shuo Yang,2 Lang Chen,2 Huifeng Yun,2 Aprajita Jagpal,2 Christie M. Bartels,3  
Liana Fraenkel,4 Monika M. Safford,5 and Jeffrey R. Curtis2

Objective. To determine the proportion of primary lipid screening among patients with rheumatoid arthritis (RA) 
and compare it with those among patients with diabetes mellitus (DM) and patients with neither RA nor DM, and to 
assess whether primary lipid screening varied according to the health care provider (rheumatologist versus non- 
rheumatologist).

Methods. We analyzed claims data from US private and public health plans from 2006–2010. Eligibility  requirements 
included continuous medical and pharmacy coverage for ≥12 months (baseline period) and >2 physician diagnoses 
and relevant medications to define RA, DM, RA and DM, or neither condition. Among the 330,695 eligible partici-
pants, we calculated the proportion with a lipid profile ordered during the 2 years following baseline. Time- varying 
Cox proportional hazard models were used to determine the probability of hyperlipidemia screening in participants 
with RA according to provider specialty.

Results. More than half of the patients were ages 41–71 years. Among patients with RA (n = 12,182), DM (n = 
62,834), RA and DM (n = 1,082), and those who did not have either condition (n = 167,811), the proportion screened 
for hyperlipidemia was 37%, 60%, 55%, and 41%, respectively. Patients with RA who visited a rheumatologist and a 
non- rheumatology clinician during follow- up had a 55% (95% confidence interval 1.36–1.78) higher screening prob-
ability than those who only visited a rheumatologist.

Conclusion. Primary lipid screening was suboptimal among patients with RA. It was also lower for patients with 
DM and minimally different from the general population. Screening was higher for RA patients who received care from 
both a rheumatologist and a non- rheumatologist (e.g., primary care physician).

INTRODUCTION

Rheumatoid arthritis (RA) is associated with an increased risk 
for cardiovascular disease (CVD), which involves disease- specific 
mechanisms that are both similar and different from CVD in the 
general population (1,2). Compared with age-  and sex- adjusted 
individuals without RA, patients with RA have more CVD events 
and higher mortality (3). Indeed, a large meta- analysis of 24 
cohorts showed a 50% higher risk for CVD mortality in patients 
with RA compared to those without RA (4). Evidence suggests 
that both traditional and nontraditional risk factors play a role in 
the development of CVD in patients with RA (5,6). Traditional risk 

factors such as hyperlipidemia, hypertension, diabetes mellitus 
(DM), cigarette smoking, and obesity are also associated with an 
increased risk for CVD in the RA population (7). Systemic inflam-
mation was also associated with an increased risk for CVD events 
and mortality among patients with RA. High erythrocyte sedimen-
tation rate, high C- reactive protein levels, and other RA- related 
biomarkers have been found to be associated with an increased 
risk of myocardial infarction (MI) in patients with RA (1,8).

Statins are a major focus of CVD risk reduction in the general 
population, but to determine if these are indicated, a lipid profile is 
required to estimate 10- year CVD risk. In patients with RA, statins 
have been associated with a reduction in cardiovascular risk (9–11). 
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Additionally, it has been reported that, compared with patients with 
RA who continued statins, those who discontinued this medication 
had a 67% increased risk for MI (12,13). Despite the known higher 
risk for CVD events and mortality, screening for hyperlipidemia 
among patients with RA has been observed to be low (14–16).

Previous studies using Medicare data among patients older 
than 65 years of age showed that primary lipid screening occurred 
in only 45% of patients with RA over a 3- year period from 2004–
2006 (15). The pattern of primary lipid screening among individu-
als with RA who are younger than 65 years of age is still unclear. 
Hence, the first goal of our study was to determine the propor-
tion of primary lipid screening among patients with RA ages >40 
years and compare these results to the primary lipid screening for 
patients with neither RA nor DM and patients with DM only. The 
second goal was to determine whether the proportion of patients 
with RA who received primary lipid screening varied based on the 
specialty of the health care provider encountered (rheumatologist 
versus non- rheumatologist).

PATIENTS AND METHODS

Participants. All patients were 41–85 years of age. This 
 retrospective study used claims data from a US commercial health 
plan and public health plans (Medicare and Medicaid) from 2006 to 
2010 as a single data set, a multi- payer claims database (MPCD) 
(17,22). This data set included beneficiaries from 4 main regions in 
the US, including the Northeast, South, West, and Midwest. Thirty- 
two percent of beneficiaries were commercially insured, 64% were 
enrolled in Medicare, and 4% in Medicaid. Eligible participants were 
required to have 12 months of continuous medical and pharmacy 
coverage within the data set (baseline period) to ensure a complete 
claims history and characterize participants’ characteristics. They 
were also required to satisfy additional criteria that enabled patients 
to be placed into 1 of 4 mutually exclusive cohorts, including patients 
with RA only, patients with DM, patients with both RA and DM, 
or patients with neither condition. RA was defined based on the 

 presence of ≥2 International Classification of Diseases, Ninth Revision 
(ICD- 9) codes for RA (714.xx) associated with an encounter with a 
physician and ≥1 filled prescription for a disease- modifying antirheu-
matic drug (DMARD) (e.g., methotrexate, sulfasalazine, hydroxychlo-
roquine, biologic therapies, and leflunomide) during baseline (18,19). 
The positive predictive value of this definition is >85% to identify RA 
compared to medical record review (20). We excluded patients with 
inflammatory arthritis other than RA (e.g., psoriatic arthritis and anky-
losing spondylitis), lupus, Sjögren’s syndrome, malignancy, or HIV 
infection by ICD- 9 diagnoses from all 4 cohorts.

Patients with DM were identified by ≥2 physician diagno-
sis codes for DM (ICD- 9 250.xx) or a filled prescription for DM- 
specific medication during baseline (21). The cohort of patients 
with neither RA nor DM with commercial insurance, Medicare, 
or Medicaid is described hereafter as the general population. 
The general population comparator reflected individuals without 
physician diagnosis codes or medications for either RA or DM 
and was a random sample of insured individuals in the US from 
the MPCD (17,22). The cohort of patients with RA and DM were 
required to meet criteria for both RA and DM separately. Patients 
who had partial evidence for either RA and/or DM (e.g., only 1 
physician diagnosis code) did not contribute person- time to the 
analysis until they met the criteria above. Thus, membership in 
the 4 disease cohorts was classified in a time- varying fashion.

In all 4 cohorts, we excluded patients with prevalent inpa-
tient or outpatient MI, stroke, or coronary heart disease, and 
those with a lipid profile tested and/or use of statins during the 
12- month baseline. Follow- up began after the baseline year. We 
only included participants with 2- year follow- up data consistently 
available after the baseline year. We conducted a subgroup anal-
ysis for the second goal of this study that included only patients 
with RA regardless of having comorbid DM. The inclusion criteria 
for this subgroup of RA patients were those with an encounter 
with either a rheumatologist and/or non- rheumatology practi-
tioner, which was defined as internal medicine physicians, family 
medicine physicians, nurse practitioners (NP), or physician assis-
tants (PA). All of these patients also had 2 ICD- 9 diagnosis codes 
for RA and DMARD medications. The Institutional Review Board 
of the University of Alabama at  Birmingham approved this project.

Variables. The variables for this analysis included age, 
sex, and hypertension (determined by ICD- 9 codes). We had 
pharmacy data on RA medications, statins, and other non- 
statin lipid- lowering therapy. We identified physician specialties 
through evaluation and management codes associated with 
claims for services within the database, and we classified the 
types of outpatient physician evaluation and management 
encounters into evaluation and management with a rheuma-
tologist, or evaluation and management with another physician 
or provider. Non- rheumatology practitioners of interest focused 
on specialties commonly providing primary care, including inter-
nal medicine physicians, family medicine physicians, NPs, and 

SIGNIFICANCE & INNOVATIONS
• Despite the generally recognized increased risk for 

rheumatoid arthritis (RA) that is associated with 
cardiovascular disease, in this population-based 
study, patients with RA were underscreened for pri-
mary hyperlipidemia.

• The proportion of patients with RA screened for  
primary hyperlipidemia was comparable to the 
general population and lower than that of patients 
with diabetes mellitus.

• Co-management, defined as patients managed 
both by rheumatologists and by specialists who 
predominantly provide primary care services, in-
creased the likelihood of primary hyperlipidemia 
screening in patients with RA by 55%. 
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PAs. Although NPs and PAs may have provided primary care 
services, they may have actually been associated with a rheu-
matology clinic. This data source could not differentiate their 
practice setting. Evaluation and management by other physician 
specialties (e.g., cardiologist) was not examined in this analysis.

Outcome. The outcome for the primary objective of this 
study was to determine the proportion of participants who were 
screened for hyperlipidemia in the cohorts of RA, DM, both RA 
and DM, and the general population. The outcome for the second 
objective was the likelihood of a patient with RA being screened 
for lipids, based on co- management (defined as patients who 
had been evaluated or followed by a rheumatologist and a non- 
rheumatology practitioner, e.g., primary care) versus management 
by only a rheumatologist. This study did not determine whether 
there was communication or coordinated care between these 
practitioners, but only that patients were evaluated in an ambula-
tory setting (i.e., had outpatient visits).

Statistical analysis. We used descriptive statistics to 
examine the baseline characteristics of the patients in this 
study. We determined the proportion of primary lipid screening 
during the 2- year follow- up period in each condition. We used 
chi- square tests to determine differences in the proportion of 
patients with a lipid profile between the different cohorts. We 

used Cox proportional hazard ratios to determine the likelihood 
of lipid screening only among patients with RA regardless of 
having comorbid DM based on visiting a non- rheumatology 
practitioner, a rheumatologist, or both (subgroup analysis for 
patients with RA). The type of provider visit (rheumatologist 
or non- rheumatologist practitioner) was time variant, while 
we controlled for other demographic and RA- related vari-
ables at baseline (nonvariant). The Cox model allowed for 
time- varying evaluation of co- management between rheuma-
tologist and non- rheumatologist providers such that patients 
could be referred to a primary care physician after the start 
of follow- up and be correctly classified over time. This type 
of analysis allowed for a more accurate categorization of the 
main exposure (co- management between rheumatologist and 
non- rheumatology providers) for the longitudinal analysis.

RESULTS

Overall, 243,909 participants met the eligibility criteria for 
the 4 disease- specific groups: 12,182 patients had RA only, 
62,834 had DM only, 1,082 had RA and DM (reflecting 8.9% of 
all RA patients), and 167,811 had neither condition (Figure 1). 
As part of cohort selection, 27% of patients with RA only, 25% 
of patients with DM only, and 22% of patients from the general 
population were excluded due to baseline use of statin therapy 

Figure 1. Construction of patient cohorts. LDL = low- density lipoprotein; RA = rheumatoid arthritis; DM = diabetes mellitus. 
*Patients with exactly 2 years of follow- up. Those with >2 years of follow- up were included, but only 2 years of follow- up were used. 
**Patients with myocardial infarction, stroke, or coronary heart disease (CHD) during the 12- month baseline period.

Total pa�ents in claims dataset  
N = 1,351,422 

Pa�ents with at least 2 years* 
of follow-up 
N =528,762 

Excluded: 
(N = 71,102) Invalid record of age/sex/death 
informa�on  
(N = 751,558) < 2 years* of follow-up  

Total excluded (N = 822,660)

Pa�ents with a 12-month baseline, at least 2 
years of follow up, no history of CHD** 
during baseline and ≥ 41 years of age 

N = 243,909 

Excluded:
(N = 51,701) Age < 41 years at baseline 
(N = 97,009) CHD** during baseline  
(N = 49,357) with Cancer, HIV, Sjogren’s syndrome, 
lupus, ankylosing spondyli�s, psoria�c arthri�s during 
baseline 
(N = 76,387) Sta�n or lipid lowering medicine at 
baseline 
(N=10,399) No 6-month follow up a�er 1st LDL and 
a�er 2 years of follow up 

Total Excluded (N = 284,853)

RA only pa�ents 

N = 12,182

DM only pa�ents

N = 62,834 

Neither RA nor DM pa�ents

N = 167,811 

RA and DM pa�ents

N = 1,082 
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or lipid screening. More than half of the patients were 41–70 
years of age. The age distribution by disease is presented in 
Table 1, along with other demographic and clinical patient char-
acteristics. The prevalence of hypertension was similar between 
patients with RA and patients with neither RA nor DM (41% and 
39%, respectively) and similar between those who had both RA 
and DM and only DM (70% and 79%, respectively). Table 1 also 
describes the pattern of provider visits (rheumatologist or non- 
rheumatology practitioner) during the 12- month baseline period.

Lipid screening. Among the patients with RA, DM, RA and 
DM, and neither condition, 37%, 60%, 55%, and 41%, respec-
tively, were screened over the 2- year follow- up period (RA versus 
neither, P < 0.0001; RA versus DM only, P < 0.0001) (Figure 2).

Screening for lipids based on patterns of care.  
Table 2 describes the rheumatologist or non- rheumatology prac-

titioner encounters for patients with only RA. Twenty- two percent 
of the patients with RA saw only a rheumatologist and 56% vis-
ited both a non- rheumatology practitioner and a rheumatologist 

during the 12- month baseline.
In a multivariable- adjusted model including age, sex, race, 

comorbidities, and RA medications, the likelihood of hyper-
lipidemia screening was 55% higher for patients who visited 
both a rheumatologist and a non- rheumatology practitioner 
during the 2- year follow- up than for those who only visited a 
rheumatologist (Table  3). Hyperlipidemia screening was 21% 
higher for patients who only visited a non- rheumatology practi-

tioner than for those who only visited a rheumatologist.

DISCUSSION

Our study identified a low frequency of primary lipid 
 screening over 2 years among patients with RA. If we consider 

Table 1. Baseline characteristics of study participants*

Neither 
(n = 167,811)

DM only 
(n = 62,834)

RA only 
(n = 12,182)

RA and DM 
(n = 1,082)

Demographics
Age range, years

41–50 14 8 11 8
51–60 15 15 18 18
61–70 23 30 30 33
71–85 48 47 42 42

Women 60 59 82 80
Race/ethnicity

Caucasian 65 66 78 66
African American 12 16 9 16
Hispanic 4 5 4 6
Asian 3 3 1 2
Other† 16 11 9 10

Clinical
Hypertension 39 79 41 70
Charlson comorbidities index

0 76 0.8 0.3 0.1
1–2 21 80 90 52
≥3 3 19 9 48

Inpatient stay (any) 8 15 14 23
Physician visits
Rheumatologist visits

≤1 98.3 99.1 44.8 51.5
2–4 1.5 0.7 43.4 38.4
>5 0.2 0.1 11.8 10.2

Other physician visits
≤1 58.3 28.0 42.6 29.6
2–4 26.9 34.7 36.9 34.2
>5 14.8 37.3 20.5 36.2

RA medications
MTX monotherapy 0 0 27 30
TNFi 0 0 26 18
Non- TNFi biologic 0 0 5 5
MTX combination‡ 0 0 13 14

* Values are the percent. DM = diabetes mellitus; RA = rheumatoid arthritis; MTX = methotrexate; TNFi = 
tumor necrosis factor inhibitor. 
† Unknown and other race combined. 
‡ Methotrexate combined with either nonbiologic disease-modifying antirheumatic drug or with TNF biologic 
or non-TNF biologic. 
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the 27% of patients with RA that were screened or treated for 
hyperlipidemia at baseline (and thus excluded from the cohort 
sample), slightly less than two- thirds of all patients with only RA 
(64%) identified in this data set were screened. If we consider 
the 25% of patients with DM only that were excluded at base-
line because they were already screened or on treatment for 
hyperlipidemia, most patients with DM only were screened for 
hyperlipidemia in this data set. Patients with RA visited rheuma-
tologists more frequently than they visited a non- rheumatology 
practitioner.  Co- management with 1 of these non- rheumatology 
practitioners increased the likelihood of a patient being screened 
for hyperlipidemia. Compared with other studies that have also 
studied hyperlipidemia screening in patients with RA in the 
US, our study includes a population- based sample of patients 
between the ages of 40–85 years, whereas previous studies 
were limited to patients ages 65 years and older, only insured by 

Medicare, or were even focused on secondary CVD prevention 
(14,15).

Some health care systems that exist in Europe may provide 
advantages regarding CVD risk factor assessment in patients 
with RA. Recently, several published studies have found that 
European patients with RA are equally or more likely to be 

Figure  2. Proportion of patients with primary screening for low- 
density lipoprotein by different diseases during the 2 years of follow- up.

41%
37%

55%
60%

Neither RA nor DM RA only RA and DM DM

(N = 167,811) (N = 12,182) (N = 1,082) (N = 62,834)

p < 0.0001 p < 0.0001

Table 2. Baseline pattern of physician visits among patients with RA*

All RA 
(n = 8,606)

Non- rheumatology 
practitioner only 

(n = 1,934)†

Rheumatologist 
only 

(n = 1,872)

Non- rheumatology 
practitioner and 
rheumatologist 

(n = 4,800)
Average no. of outpatient visits during 

12- month baseline period, mean ± SD
8.4 ± 5.6 8.0 ± 5.4 5.6 ± 4.0 9.8 ± 5.8

≤1 visit 187 (2.2) 55 (2.8) 131 (7.0) 1 (0.0)
2–4 visits 1,927 (22.4) 483 (25.0) 799 (42.7) 645 (13.4)
>5 visits 6,492 (75.4) 1,396 (72.2) 942 (50.3) 4,154 (86.5)

* Values are the number (%) unless indicated otherwise. Baseline was defined as the documentation of non- rheumatology practitioner/rheuma-
tologist visits and disease- modifying antirheumatic drug prescription, no low- density lipoprotein (LDL) tests during the 12- month baseline, and 
no statin or lipid- lowering medication use before the first LDL test during follow- up. The rheumatoid arthritis (RA) population differs from that 
in Table 1 in that patients must have received RA diagnoses from a rheumatologist or specialist who typically provides primary care (e.g., family 
practice, internal medicine, nurse practitioner, or physician assistant). 
† Non- rheumatology practitioner consisted of a visit with either an internal medicine doctor, family medicine doctor, nurse practitioner, or phy-
sician assistant in the outpatient setting. Note that this data set did not distinguish if the nurse practitioner or the physician assistant was with a 
rheumatology clinic. 

Table 3. Probability of screening for hyperlipidemia among patients 
with RA*

Variable Multivariable
Physician visit
Rheumatologist Referent
Non- rheumatology practitioner† 1.21 (1.03–1.41)‡
Non- rheumatology practitioner and 

rheumatologist
1.55 (1.36–1.78)‡

Age range, years
41–50 0.86 (0.74–1.00)
51–60 Referent
61–70 0.96 (0.86–1.08)
71–85 0.74 (0.66–0.83)‡

Men vs. women 0.94 (0.85–1.05)
Race

White Referent
African American 1.14 (0.99–1.31)
Other 1.12 (0.99–1.26)

Charlson comorbidity index§
0 Referent
1–2 0.74 (0.31–1.77)
≥3 0.68 (0.28–1.65)

Diabetes mellitus 1.48 (1.26–1.74)‡
Hypertension 1.02 (0.94–1.11)
TNFi biologic 1.09 (0.98–1.22)
Non- TNFi biologic 1.03 (0.86–1.24)
MTX combination¶ 1.07 (0.93–1.22)
MTX monotherapy 1.06 (0.95–1.19)

* Values are the hazard ratio (HR) (95% confidence interval). RA = 
rheumatoid arthritis; TNFi = tumor necrosis factor inhibitor; MTX = 
methotrexate. 
† Includes internal medicine, family medicine, nurse practitioner, and 
physician assistant. 
‡ Statistically significant. 
§ Charlson scoring in this model did not include RA. 
¶ Methotrexate combined with either nonbiologic disease- modifying 
antirheumatic drug or with TNF biologic or non- TNF biologic. 
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treated for hyperlipidemia and other modifiable risk factors, such 
as hypertension and smoking cessation, when compared with 
American patients with RA (23,24). Many US rheumatologists 
are still reluctant to take responsibility to assess and mitigate 
(if needed) CVD risk for patients with RA (25). In contrast, the 
European League Against Rheumatism (EULAR) recommenda-
tions for CVD risk management in inflammatory arthritis, and in 
particular in RA, have contributed to better management of CVD 
risk in patients with RA in some European countries (26–28). 
Whereas EULAR emphasizes that CVD risk is the rheumatolo-
gist’s responsibility, our study, as well as others conducted in 
the US, showed that coordinated care between rheumatologists 
and non- rheumatology practitioners increased the likelihood of 
primary lipid screening (15,27).

Our data suggest that rheumatologists are less likely than 
other non- rheumatology practitioners to initiate primary lipid 
screening in patients with RA. Two qualitative studies that eval-
uated possible reasons for such hesitation among physicians 
found that this inaction resulted primarily from the perceived role 
boundaries between specialty doctors, including rheumatolo-
gists, and primary care providers, and, secondarily, from the lack 
of familiarity with CVD treatment guidelines. A third reason for the 
decreased likelihood of rheumatologists to initiate the screening 
comes from challenges in communication between physicians, 
and the fourth reason is because of the misalignment in the per-
ceived responsibility of who should be in charge of screening 
and management of hyperlipidemia in patients with RA (25,29).

Our study has several strengths, including a population- 
based sample that included not only patients with RA but 
also patients with DM, a disease with a very high risk for CVD, 
and a random sample of the patients enrolled in similar health 
insurance programs. However, our general population cohort 
consisted of Medicare, Medicaid, and commercially insured 
individuals and did not include individuals that were uninsured. 
The benefit of the MPCD for population-based research has 
been previously described (17,22). Regarding the limitations of 
this study, our results may not affect delivery of care in light 
of current CVD screening guidelines since these recommend 
screening for hyperlipidemia every 5 years and our ascertain-
ment period spanned only 3 years (1 year baseline, 2 year 
follow- up). However, EULAR CVD management guidelines for 
inflammatory arthritis from 2009, relevant at the time of the 
study, recommended annual CVD risk assessment (28). Still, 
our results do serve as a useful starting point to assess the US 
experience as a springboard to inform future CVD management 
practices and interventions to mitigate CVD risk among patients 
with RA. The data source available did not have information 
needed in order to determine smoking status, body mass index, 
or familial CVD history. The specialty of the clinicians caring for 
these individuals may have been misclassified, as suggested 
by the observation that in these data, 22% of patients with RA 
did not visit a rheumatologist. Indeed, it is likely that some of 

the NPs and PAs were providing rheumatology- specific care 
(likely in collaboration with a rheumatologist), but NPs and PAs 
attached to a rheumatology clinic could not be distinguished 
from those attached to a primary care clinic. We also recognize 
that internists recently completing fellowship and transitioning 
to become rheumatologists may still be classified as intern-
ists in the health insurance claims data that we used. Finally, 
while we recognize that the RA and DM cohort assignments 
were derived from administrative data, we note that our defini-
tions included a combination of 2 ICD- 9 codes for 714.xx plus 
condition- specific medications, which makes misclassification 
less likely. However, it still may have missed some cases, par-
ticularly for underrecognized diseases or DM managed only 
with lifestyle modification (20).

In conclusion, reducing modifiable CVD risk factors should 
be a priority in patients with RA. Measures to achieve this goal 
must be implemented and may include defining specific roles for 
rheumatologists, non- rheumatology practitioners, and patients 
to determine who should be responsible for hyperlipidemia 
screening and treatment for patients with RA.
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Association of Short- Term Ultraviolet Radiation Exposure 
and Disease Severity in Juvenile Dermatomyositis: Results 
From the Childhood Arthritis and Rheumatology Research 
Alliance Legacy Registry
Jessica Neely,1 Craig S. Long,2 Hugh Sturrock,1 and Susan Kim,1 for the Childhood Arthritis and Rheumatology 
Research Alliance Registry Investigators

Objective. Ultraviolet (UV) radiation is considered to be an important environmental factor in the clinical course of 
children with juvenile dermatomyositis (DM). We aimed to evaluate the association between UV radiation and severe 
disease outcomes in juvenile DM.

Methods. This is a cross- sectional study of patients with juvenile DM enrolled in the US multicenter Childhood 
Arthritis and Rheumatology Research Alliance (CARRA) Legacy Registry from 2010 to 2015. The mean UV index (UVI) 
in the calendar month prior to symptom onset in each subject’s zip code was calculated from daily satellite solar noon 
measurements. Multivariable logistic regression was used to model the relationship between the mean UVI and cal-
cinosis as well as other outcomes of severe disease. Covariates included sex, race, age, time to diagnosis, disease 
duration, and latitude.

Results. In a multivariable model, there was no association between the mean UVI and calcinosis. African  
American race was associated with a 3- fold greater odds of calcinosis. However, there was a significant statis-
tical interaction between race and mean UVI. Accounting for this interaction, the odds of calcinosis markedly  
decreased in African American subjects and steadi ly increased in non–African American subjects over a range of  
increasing the mean UVI. Higher mean UVI was associated with decreased odds of using biologics or nonmethotrexate   
disease- modifying antirheumatic drugs and skin ulceration.

Conclusion. We described a novel association between UV radiation, calcinosis, and race in a large cohort of pa-
tients with juvenile DM. This study furthers our knowledge of the role of UV radiation in the clinical course of juvenile 
DM and highlights the complex interplay between genes and environment in the clinical phenotypes and develop-
ment of calcinosis in children with juvenile DM.

INTRODUCTION

Juvenile dermatomyositis (DM) is the most common sub-
type of the juvenile idiopathic inflammatory myopathies (IIMs), a 
group of heterogeneous autoimmune disorders characterized 
by muscle inflammation. Juvenile DM is distinguished from other 
juvenile IIMs by distinctive, photo- distributed skin rashes, and ultra-

violet (UV) radiation has been postulated to play a role in disease 
 pathogenesis (1–4). Photosensitivity is reported in nearly half of 
patients with juvenile myositis (JM) (5), and exacerbations of skin 
disease following sun exposure have been described. Once DM 
is established, UV radiation appears to be a strong trigger: labo-
ratory testing of non- irradiated skin of adults with DM determined 
increased sensitivity to ultraviolet B (UVB) radiation compared to 
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healthy controls, many of whom also reported photosensitivity 
and disease exacerbation following sun exposure (6), and ques-
tionnaire data from patients with DM and JM suggested that UV 
exposure is an important environmental exposure correlated with 
disease flares (7).

Prior research investigating the link between UV radiation and 
IIMs suggests that UV radiation may modulate myositis pheno-
types and autoantibody profiles. A global study showed that the 
proportion of individuals with DM relative to polymyositis rose incre-
mentally with increasing UV radiation across diverse geographic 
regions worldwide, and these differences could not be explained 
by variation in population- specific genetic structure (1). In a study 
of 298 patients with JM, those with juvenile DM who had higher 
UV radiation exposure in the month prior to symptom onset were 
more likely to have anti- p155/140 antibodies (4), which have been 
associated with a chronic disease course (2,5). In addition, they 
were less likely to have anti- MJ antibodies, which have been asso-
ciated with a monocyclic disease course (5). Among this cohort, 
the strongest association between UV radiation and anti- p155/140 
antibodies was observed in white males, indicating that there may 
be differential effects of UV radiation based on sex and race.

Collectively, these findings suggest that UV radiation may 
modulate clinical phenotypes. However, it is unclear if initial UV 
radiation exposure has systemic effects on the immune system 
that result in a more severe disease course. The development of 

severe disease features, such as calcinosis or skin ulcerations, and 
need for stronger immune suppressive agents can cause significant 
 morbidity in juvenile DM. Calcinosis, in particular, may cause infec-
tion, pain, limited joint mobility, and physical disfigurement. Risk 
factors for severe disease and calcinosis are not well understood 
but have been associated with a delay in diagnosis, longer disease 
duration, race, and myositis- specific  autoantibodies (5,8).

In this study, we investigated the association between 
the mean UV index (UVI) in the month prior to symptom 
onset and disease severity in a large cohort of patients with 
juvenile DM from the Childhood Arthritis and Rheumatology 
Research Alliance (CARRA) Legacy Registry. We used calci-
nosis and other measures collected in the registry, including 
skin  ulceration, a Childhood Health Assessment Question-
naire (C- HAQ) score >1, and second- line medication use as 
proxies for severe disease. We hypothesized that higher UV 
radiation exposure would be associated with more severe 
disease outcomes. An enhanced understanding of the role 
of UV radiation in juvenile DM can help clinicians to develop 
interventions to attenuate this exposure and improve long- 
term outcomes in juvenile DM.

PATIENTS AND METHODS

Patients. This is a cross- sectional study of patients enrolled 
in the CARRA Legacy Registry who met definite or probable 
diagnostic criteria for juvenile DM according to the modified cri-
teria proposed by Bohan and Peter (9). This is a US multicenter 
registry, which enrolled subjects with a variety of childhood rheu-
matic diseases between 2010 and 2015. A subset of patients 
with juvenile DM enrolled in this registry has been described pre-
viously (10). Subjects were in various stages of disease at the 
time of enrollment. Those with incomplete data for the variables 
date of symptom onset and zip code were excluded. Data were 
abstracted from the enrollment visit or at the subsequent visit 
when enrollment visit data were missing.

Methods. We determined the mean UVI based on the US 
zip code of subjects in the calendar month prior to symptom 
onset. This time frame was selected in order to evaluate the 
effect of short- term UV radiation in accordance with methods 
used by Shah et al (4) and the seasonal variation of UV radia-
tion. UVI is an internationally standardized unit on a linear scale, 
ranging from 0 to the mid- teens, which quantifies the amount 
of skin- damaging erythema when the sun is highest in the sky 
(i.e., solar noon). A higher number indicates a shorter amount 
of time to skin erythema, which is also influenced by skin color 
and tendency to burn. The amount of UV radiation reaching the 
earth’s surface is affected by total column ozone, elevation, sur-
face reflectivity, cloud transmissivity, and tropospheric aerosol 
loading (pollutants or dust), all of which are accounted for in the 
UVI calculation.

SIGNIFICANCE & INNOVATIONS
• This study explores the association between the 

environmental factor ultraviolet (UV) radiation 
and disease severity outcomes in a large registry 
of patients with juvenile dermatomyositis (DM) by 
integrating clinical and demographic data from the 
Childhood Arthritis and Rheumatology Research 
Alliance (CARRA) Legacy Registry with historical Na-
tional Aeronautics and Space Administration satel-
lite measurements.

• Mean UV index (UVI) exposure in the month prior 
to disease onset was associated with development 
of calcinosis; however, the directionality of this re-
lationship was dependent on race.

• Mean UVI exposure was not associated with other 
features representative of severe disease, includ-
ing skin ulceration, a Childhood Health Assessment 
Questionnaire score >1, use of biologics or non-
methotrexate disease-modifying antirheumatic 
drugs, use of intravenous immunoglobulin, or per-
sistent skin disease, muscle weakness, or steroid 
use beyond 2 years of disease duration.

• These results further our knowledge of the role of 
UV radiation in the clinical course of juvenile DM 
and highlight the need for clinicians and research-
ers to be aware of the complex interplay of genes 
and environment in the clinical phenotypes of chil-
dren with juvenile DM.
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The mean UVI in the calendar month prior to symptom 
onset was obtained from the National Aeronautics and Space 
Administration Total Ozone Mapping Spectrometer and Ozone 
Monitoring Instrument, satellite instruments that record daily 
solar noon estimates of erythema dose rate across the US. Cal-
cinosis, a hallmark morbidity in juvenile DM that reflects severe 
disease and damage, was used as the primary outcome. Sec-
ondary outcomes included history of skin ulceration, a C- HAQ 
disability index score >1, treatment with biologics or nonmeth-
otrexate disease- modifying antirheumatic drugs (DMARDs), and 
treatment with intravenous immune globulin (IVIG). In the subset 
of patients with disease duration of >2 years, we assessed addi-
tional outcomes, including persistent weakness, persistent skin 
rash (malar, Gottron’s papules, heliotrope, or V- /Shawl sign), and 
persistent steroid use.

Statistical analysis. Subjects were stratified by mean UVI 
quartiles and comparisons were made using chi- square tests for 
categorical variables and Kruskal- Wallis tests for continuous var-
iables, which were non- normal. Characteristics were also evalu-
ated and stratified by race. Based on our understanding of the 
relationship between UV radiation and disease severity outcomes, 
we included the following covariates in our model: sex, race, 
age at disease onset, time to diagnosis, and disease duration. 
We evaluated for interactions between sex and mean UVI and 
between race and mean UVI based on results of prior literature 
(3,4). We dichotomized race as African American and non–African 
American based on prior work related to race and calcinosis as  
well as differential risk for damage from UV radiation due to skin 
pigmentation.

Multivariable logistic regression was used to evaluate the 
association between mean UVI and each disease outcome. We 
evaluated for linearity in the predictors mean UVI and latitude by 
including these terms as polynomial terms and evaluating if the 
polynomial terms enhanced fit. We evaluated interactions between 
mean UVI and sex and mean UVI and race for each model. We 
included the interaction terms in the model if they were statistically 
significant. To test for spatial autocorrelation, we ran Moran’s I test 
on the residuals from the model.

RESULTS

Patient characteristics. A total of 522 subjects were 
included. The median age at disease onset was 5 years (inter-
quartile range [IQR] 3–9 years), 71.8% of subjects were female, 
and 11% were African American. Among non–African American 
subjects, 89% identified as white, and the remaining 11% iden-
tified as either Asian, American Indian or Alaskan Native, Native 
Hawaiian or Pacific Islander, or multiracial/other. Median time to 
diagnosis was 3.1 months (IQR 1.6–7.2 months), and median 
disease duration was 1.9 years (IQR 0.5–4.4 years). Eleven per-
cent developed calcinosis, 5.6% had skin ulcerations, 15.5% had 
a C- HAQ score >1, 24.9% received biologics or nonmethotrex-
ate DMARDs, and 34.1% received IVIG. There were 247 patients 
with disease duration >2 years, of whom 26% had persistent 
rash, 14% persistent weakness, and 25% persistent steroid use. 
The mean UVI was mean ± SD 4.9 ± 2.6. Stratified by mean UVI 
quartiles, clinical and demographic characteristics were similar 
except for a higher proportion of individuals with skin ulceration 
(P = 0.03) and history of treatment with biologics or DMARDs 
(P = 0.02) in lower quartiles of mean UVI. Patient characteristics 
stratified by race were similar except for a greater prevalence of 
calcinosis among African American subjects (24.5%) compared 
to 9.2% in non–African American subjects (P = 0.002).

Mean UVI as a predictor of calcinosis. In a multivari-
able logistic regression model, there was no significant asso-
ciation between mean UVI and calcinosis (adjusted P = 0.64) 
(Table 1). African American race was associated with a 3- fold 
greater odds of calcinosis. However, there was significant sta-
tistical interaction between race and mean UVI. Accounting for 
this interaction, the odds of calcinosis markedly decreased in 
African American subjects and steadily increased in non–African 
American subjects over the range of increasing the mean UVI. 
This interaction is shown in Figure 1 for a representative female 
at mean values of all other covariates in the model. There was 
no interaction between mean UVI and sex. Therefore, this term 
was not included in the model. Moran’s I test revealed no sig-
nificant residual spatial autocorrelation (P = 0.36). Additional risk 

Table 1. Multivariable logistic regression model of the mean UVI as a predictor of calcinosis*

Predictor

Unadjusted Adjusted

OR 95% CI P OR 95% CI P
Mean UVI 0.94 0.84–1.05 0.25 1.03 0.90–1.18 0.64
African American race 3.22 1.54–6.41 0.001† 3.36 1.22–8.10 0.01†
Mean UVI × African American race interaction 0.69 0.48–0.95 0.03† 0.67 0.45–0.94 0.03†
Age at disease onset, year 1.01 0.94–1.09 0.71 1.10 1.01–1.20 0.03†
Female sex 0.62 0.34–1.14 0.11 0.48 0.25–0.95 0.03†
Diagnosis interval, month 1.03 1.01–1.05 0.005† 1.04 1.02–1.06 < 0.001†
Disease duration, year 1.23 1.13–1.33 < 0.001† 1.30 1.18–1.44 < 0.001†

* Model adjusted for sex, age at disease onset, time to diagnosis, disease duration, and race. Mean UVI = mean 
ultraviolet index; OR = odds ratio; 95% CI = 95% confidence interval. 
† P < 0.05. 
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factors for calcinosis included male sex, older age at disease 
onset, longer disease duration, and delay in diagnosis (Table 1).

Secondary outcomes. In a univariable model, the mean 
UVI was associated with decreased odds of developing skin ulcer-
ation and treatment with biologics or nonmethotrexate DMARDs 
(Table  2). After adjustment for covariates, this  relationship 
remained significant for the outcome of treatment with biologics 
or nonmethotrexate DMARDs and trended toward significance for 
the outcome of skin ulceration. In the multivariable models, there 
was also a trend toward increased odds of having a C- HAQ dis-

abili ty index score >1, but this did not meet statistical significance.

DISCUSSION

In this study of 522 subjects with juvenile DM enrolled in the 
CARRA Legacy Registry, we describe the association between 

short- term UV radiation exposure in the month prior to disease 
onset and several outcomes representative of severe disease. 
We found a novel association between mean UVI and calcinosis 
that was dependent on race. Consistent with prior studies, which 
identified African American race as a risk factor for calcinosis in 
juvenile DM (8), we found that African American subjects living in 
areas with a lower mean UVI had a 3- fold greater odds of calcino-
sis compared to non–African American subjects. However, when 
accounting for interaction between race and mean UVI, we were 
surprised to find a striking negative correlation between calcinosis 
and the mean UVI in African American subjects, suggesting a pro-
tective effect of higher UV radiation exposure on calcinosis risk in 
this subgroup. Non–African American subjects had increased risk 
of calcinosis beyond those of African American subjects at higher 
levels of mean UVI, suggesting a correlation between higher UV 
radiation exposure and development of calcinosis in subjects with 
lighter skin. These findings help to confirm the need for a person-
alized, differential approach to treatment and monitoring recom-
mendations in patients with juvenile DM.

We would like to emphasize that these findings are correlative, 
and future research is needed to better understand the  causative 
influence of UV radiation in myositis. However, our results are in 
accordance with prior studies of juvenile DM and DM in the US 
that have shown associations between UV radiation and clinical 
phenotypes to be significant only in white individuals (3,4). Skin 
color is a key factor in determining time to burn, and thus may 
also determine the susceptibility of an individual to the effects of 
UV radiation on immune responses. The field of photoimmunology 
has shown that in addition to local immune responses, UV radia-
tion causes systemic immunomodulatory effects, which have been 
theorized to play a role in human autoimmune diseases (11). In 
addition, there is growing evidence that vitamin D levels are associ-
ated with disease activity in autoimmune diseases, including juve-
nile DM (12).

Genetic factors may also play a role in predisposing individu-
als with juvenile DM to UV radiation sensitivity as well as calcino-
sis. The tumor necrosis factor (TNF)- 308A polymorphism is a risk 

Figure 1. Log odds of calcinosis by race. UVI = ultraviolet index.
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Table 2. Mean UVI as a predictor of secondary outcomes of disease severity*

Outcome

Unadjusted Adjusted

OR 95% CI P OR 95% CI P
All patients (n = 522)

Skin ulceration 0.85 0.72–0.99 0.04† 0.86 0.72–1.00 0.05
C- HAQ score >1 1.07 0.98–1.18 0.14 1.08 0.98–1.19 0.08
Biologics or non- MTX DMARDs 0.88 0.82–0.96 0.003† 0.87 0.80–0.95 0.003†
IVIG 1.02 0.95–1.09 0.64 1.00 0.93–1.08 0.91

Disease duration >2 years (n = 247)
Persistent weakness 0.96 0.83–1.12 0.61 0.97 0.83–1.13 0.65
Persistent rash 0.95 0.86–1.06 0.39 0.97 0.87–1.08 0.61
Persistent steroid use 0.91 0.80–1.02 0.11 0.92 0.81–1.04 0.20

* Model adjusted for sex, age at disease onset, disease duration, and race. UVI = ultraviolet index; OR = odds ratio; 
95% CI = 95% confidence interval; C- HAQ = Childhood Health Assessment Questionnaire; MTX = methotrexate; 
DMARDs = disease- modifying antirheumatic drugs; IVIG = intravenous immunoglobulin. 
† P < 0.05. Significant. 
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factor for juvenile DM (13) and DM (14) in the white population. 
Stimulation of skin keratinocytes and fibroblasts with UVB causes 
increased transcription of the cytokine TNF. This cytokine triggers 
cell apoptosis and release of intracellular autoantigens, which may 
contribute to disease pathogenesis. Children with juvenile DM 
who have the TNF- 308A polymorphism have increased risk of 
developing calcinosis (14,15). Consequently, it is conceivable that 
non–African American subjects in our study, the majority of which 
were white, are enriched for this genetic risk factor, which may 
make them more susceptible to both the effects of UV radiation on 
immune responses, possibly via increased TNF production, and 
the development of calcinosis.

We did not find additional evidence to support our hypothe-
sis when evaluating additional outcomes representative of severe 
disease. In fact, we found decreased odds of treatment with bio-
logics and nonmethotrexate DMARDs and skin ulceration with 
increasing mean UVI. There are several possible explanations 
for these unexpected results. One possibility is that children who 
are photosensitive and living in regions with higher UV radiation 
are more conscious of the need for sun protection and modify 
this risk factor. Another possibility is that genetic factors and/or 
myositis autoantibodies moderate the effect of UV radiation on 
disease phenotypes. Mamyrova et  al showed that while TNF- 
308A is a genetic risk factor for calcinosis it is not a risk factor for 
skin or gastrointestinal ulcerations (15). Likewise, prior research 
shows that anti- MJ antibodies are associated with calcinosis (5) 
and anti- p155/140 antibodies are associated with skin ulcerations 
in the juvenile DM population (16). Although UV radiation is an 
important environmental factor in the course of juvenile DM, it is 
possible that genetic and serologic profiles are more influential in 
determining disease severity.

Prior studies investigating the role of UV radiation in IIMs 
include a more heterogeneous group of patients with various types 
of IIMs. Our study is strengthened by focusing on a large cohort 
of patients with juvenile DM from the CARRA Registry who reside 
in diverse geographic regions across the US. The CARRA Reg-
istry highlights the versatility of large patient registries in research 
and demonstrates how patient registries can be integrated with 
other publicly available datasets to answer important questions. 
Furthermore, we utilized individual zip codes for calculation of the 
mean UVI, which we believe provides a more relevant and resolute 
estimate of UV radiation exposure.

There are limitations to this study to consider. Individual expo-
sure data, such as the duration and time of day spent outdoors 
and use of sun protective measures (e.g., sunscreen, hats) rep-
resent unmeasured confounders. Furthermore, behaviors modify 
the risk associated with UV radiation exposure, and there may 
be regional differences in awareness and use of these interven-
tions. Historically, individual behavior and exposure data have 
not been practical to collect, and questionnaires are subject to 
recall bias. Emerging technologies may allow for in- depth studies 
regarding UV radiation and disease on the individual level in the 

future. In addition, we used the mean UVI to estimate UV radiation 
exposure, which is heavily weighted in UVB. Unfortunately, it is 
not possible to separate UVA and UVB exposures in historical UV 
radiation recordings. Future studies that are able to distinguish 
these exposures are needed.

We were also limited in the outcomes that we could assess 
and realize that the outcomes in our study may not definitively 
identify subjects with severe disease. Overall, patients in the 
CARRA Registry trended toward milder disease with a low prev-
alence of severe features (10), and since screening methods are 
not standardized, we may not have captured the true incidence of 
calcinosis. In addition, the median disease duration in this cohort 
was 1.9 years, which may not have been long enough to identify 
all patients at risk for developing calcinosis.

In summary, we describe a novel association between UV 
radiation and the development of calcinosis dependent upon race 
in a large cohort of patients with juvenile DM. This study furthers 
our knowledge of the role of UV radiation in the clinical course of 
juvenile DM and highlights the need for clinicians and researchers 
to be aware of the complex interplay of genes and environment in 
the clinical phenotypes of children with juvenile DM. As we con-
tinue to study this complex autoimmune disease, it is imperative 
that we consider the combination of multiple data types, includ-
ing the exposome, demographics, genomics, serologic patterns, 
and clinical phenotypes, in order to personalize our treatment 
approach and improve outcomes for each child affected by juve-
nile DM.
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Risk of Ocular Anomalies in Children Exposed In Utero to 
Antimalarials: A Systematic Literature Review
Rouan Gaffar, Christian A. Pineau, Sasha Bernatsky, Susan Scott, and Évelyne Vinet

Objective. To determine whether offspring from mothers with systemic lupus erythematosus (SLE), exposed in 
utero to antimalarials, have an increased risk of ocular anomalies during childhood versus unexposed SLE offspring.

Methods. We systematically performed searches of PubMed, Embase, and Web of Science databases for orig-
inal human data on fetal and/or child ocular outcomes following exposure to antimalarials during pregnancy and/or 
lactation, from their inception until March 2017.

Results. A total of 10 cohort studies and 2 randomized controlled trials, ranging in size from 6 to 444 exposed 
infants studied, and 3 case reports met the inclusion criteria for our systematic review. Collectively, 1,477 infants were 
studied, 789 of which were exposed to hydroxychloroquine or chloroquine. In all, 563 exposed infants had follow- up 
visits after delivery (ranging from <3 months to 19 years), and 331 of these exposed infants underwent ophthalmologic  
examinations during the follow- up period. Our review of the literature suggests a low- to- nonexistent risk of visual 
abnormalities in offspring exposed to antimalarials.

Conclusion. In children exposed to appropriate doses of antimalarials antenatally, the risk of ocular toxicity ap-
pears low to nonexistent. The potential benefits and risks of antimalarials should be discussed in all SLE pregnancies, 
and high dosages should continue to be avoided.

INTRODUCTION

Hydroxychloroquine (HCQ) and chloroquine (CQ) are antima-
larial agents used to treat systemic lupus erythematosus (SLE). 
HCQ is effective in reducing lupus flares and promotes remission 
(1), but it can cause ocular toxicity when taken over long periods 
of time and/or at high doses, leading in some cases to irreversible 
retinopathy (2). Moreover, HCQ concentrations in the cord blood 
have been demonstrated to be nearly as high as in maternal blood 
(3). Animal studies have shown an accumulation of the drug in 
fetal mice eyes (4).

On the other hand, withdrawing from the drug could lead to 
a 2.5- fold increase in the risk of a clinical flare- up (5), which during 
pregnancy can result in maternal and fetal complications, includ-
ing fetal loss, preterm birth, low birth weight, and preeclamp sia (6). 
Antimalarials have been proven to decrease the risk of flare in both 
pregnant (7) and nonpregnant patients (1). For these reasons, 
many researchers recommend that the patient continue antima-
larials throughout gestation. Prior literature reviews  suggest no 
increased risk of congenital birth defects, spontaneous  abortions, 

premature births, or visual or hearing impairments in women taking 
antimalarials during pregnancy (8,9). However, the risk of toxicity 
remains uncertain in the context of individual case reports show-
ing retinal damage in infants prenatally exposed to antimalarials 
(10,11). Therefore, we performed a systematic literature review to 
determine whether children exposed in utero to antimalarials have 
an increased risk of developing ocular anomalies during childhood 
compared to children who were not exposed to this medication.

MATERIALS AND METHODS

Search strategy. Our systematic review was conducted 
in accordance with the Preferred Reporting Items for System-
atic Reviews and Meta- Analyses statement (12) and followed 
a prespecified protocol. To identify all studies with original 
human data on fetal and/or child ocular outcomes following 
exposure to antimalarials during pregnancy and/or lactation, 
searches of PubMed, Embase, and Web of Science were con-
ducted in March 2017. Our search strategy was restricted to 
primary studies published in English or French and included 
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the following key words combined with relevant Boolean oper-
ators: antimalarials, hydroxychloroquine, chloroquine, infant, 
pregnancy, lactation, breastfeeding, retinal diseases, eye 
abnormalities, retinopathy, and ocular anomalies (for a full list 
of MeSH words see Supplementary Appendix 1, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23808/ abstract). Reference lists 
of the primary studies and previous review articles were also 
manually searched for relevant articles not already captured by 
the electronic searches mentioned above. Any pertinent sec-
ondary references were also reviewed.

Study selection. We included randomized controlled 
trials, observational studies, and case reports on women tak-
ing antimalarials in pregnancy. We excluded all abstracts and 
conference proceedings, editorials, reviews, and commentar-
ies. We also excluded studies that did not show ocular abnor-
malities as an outcome, as well as basic science and animal 
models. Finally, inclusion was limited to publications in English 
and French.

One reviewer (RG) screened the citations (titles and 
abstracts) identified from all of the sources. Subsequently, full- 
text articles of the studies selected in the initial screen were 
reviewed to identify the final set of relevant studies (Figure 1). 
Data were then extracted from included articles using a data col-
lection spreadsheet. Collected data included type of study, year 
of publication, maternal disease type, pharmacologic therapy 
(quinine, HCQ, and/or CQ), sample size (mothers, live exposed 
infants, and live unexposed infants), reported ocular anomalies, 
and the effect estimate for risk of ocular anomalies.

RESULTS

Our initial search yielded 345 articles (Figure 1). Five addi-
tional articles were identified via a hand search of reference lists. 
After duplicates were removed, 266 titles and abstracts were 
screened, of which 27 were retrieved for full- text review. A total 
of 10 cohort studies (7,13–21) and 2 randomized- controlled trials 
(22,23), ranging in size from 6 to 444 exposed infants  studied, 

and 3 case reports (10,11,24) met the inclusion criteria for our 

systematic review (Table 1).
Nine studies included infants born to mothers with rheu-

matic diseases (7,15–21,23), and 5 studies involved moth-
ers taking antimalarials for malaria prophylaxis (18,20,22) or 
treatment (13,14). The 3 case reports featured offspring born 
to mothers receiving antimalarial therapy for discoid lupus 
erythematous (24), malaria prophylaxis (10), and rheumatoid 
arthritis (11). Collectively, 1,477 infants were studied, 789 of 
which were exposed to HCQ or CQ. In total, 2 infants exposed 
to HCQ were born with retinal hemorrhages that had healed 
by the first month (18). No other clinically evident ocular anom-
alies were noted at birth. Only 2 studies (15,18) conducted 
systematic ophthalmologic evaluations (e.g., retinal exam, 
electroretinogram [ERG]) during the neonatal period on a total 
of 30 infants exposed to HCQ.

Of the 563 exposed infants who had follow- up visits after 
delivery (ranging from <3 months to 19 years) (7,13,14,16–
20,22,23), 331 of these exposed infants underwent ophthalmo-
logic examinations during the follow- up period (17–19,22,23,25). 
In 1 study (25), ERGs and retinal examinations were conducted 
on 4 infants exposed to HCQ, all of which were normal. The 
 randomized controlled trial by Villegas et al (22) only followed up a 
subset of exposed infants (251 of 444), all of which received visual 
acuity examinations at age 1 year and were found to be normal. 

SIGNIFICANCE & INNOVATIONS
• We conducted a systematic review to quantify the 

potential risks of antimalarial exposures on ocular 
complications in offspring of women with systemic  
lupus erythematosus (SLE). Our results suggest a 
low-to-nonexistent risk of visual abnormalities in 
offspring exposed to antimalarials.

• The potential benefits for pregnant women with 
SLE to continue antimalarials should be weighed 
against the possible risk, and high dosages should 
be avoided.

Figure  1. Flow diagram of the systematic literature review 
based on PRISMA guidelines (26). (For the PRISMA checklist, 
see Supplementary Appendix 2, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23808/ abstract). RCTs = randomized controlled trials.
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included in qualitative

synthesis
(n = 10)

Original RCTs included in
qualitative synthesis (n =2)

Case reports (n = 3)
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In the remaining studies (17–19,22,23), ophthalmologic exami-
nations were conducted systematically for all exposed patients 
at varying time points during the follow- up period. In 1 study, 6 
infants were found to have had abnormal ERGs but had a normal 
fundus on ophthalmologic examination before age 4 years (17). 
The ophthalmologic examinations in the remaining studies were 
otherwise normal.

Three case reports showing ocular anomalies following in 
utero exposure to antimalarials were also found in our literature 
search. In 1964, a woman with discoid lupus erythematosus 
was reported to have taken CQ phosphate during 4 of her 7 
pregnancies, 1 of which ended in miscarriage. The remaining 
3 exposed offspring were born with various congenital defects, 
including retinal pigmentary changes of unknown significance, 
while the 3 unexposed infants were born healthy (24). In another 
report published in 1969, 2 sisters exposed in utero to an excess 
daily dose of quinine (a drug from which CQ was derived) for 
malaria prophy laxis were documented with retinal lesions 
appearing to have originated from birth and not having evolved 
(10). Notably, in all 5 cases of retinal changes, the mothers were 
consistently taking excess doses of the drug. Finally, in 2011 
a neonate exposed in utero to HCQ, methotrexate (a proven 
teratogen), and folic acid supplementation presented with the 
Peters anomaly, a congenital ocular defect consisting of anterior 
chamber dysgenesis (11). The mother had rheumatoid arthritis 
and discontinued methotrexate 8 weeks into her pregnancy after 
learning that she was pregnant. She continued to take HCQ and 
folic acid.

DISCUSSION

We aimed to determine whether offspring from mothers 
with SLE exposed in utero to antimalarials have an increased risk 
of ocular anomalies during childhood compared to unexposed 
offspring from mothers with SLE. To our knowledge, this is the 
most current and comprehensive systematic review assessing 
potential fetal ocular toxicity in infants exposed in utero to anti-
malarials.

Of the 1,477 infants studied, 789 were exposed to HCQ or 
CQ, of which only 2 had clinically evident ocular anomalies noted 
at birth, namely retinal hemorrhages that healed by the first month 
(18). Among the 6 studies (17–19,22,23,25) in which ophthal-
mologic examinations were done during follow- up, only 1 study 
showed potential abnormalities. The study by Renault et al (17) 
raised concern after 6 of 21 infants exposed to HCQ antenatally 
were found to have abnormal ERGs. On repeat assessment at 
ages between 6.5 and 9.5 months, the ERG abnormalities per-
sisted in 5 of the infants, after normalizing in 1. All 6 infants under-
went fundoscopy examinations before the age of 4, all of which 
were normal, and received no further ERGs. The significance of 
these ERG abnormalities and the correlation to HCQ exposure 
is uncertain. Mean duration of exposure to HCQ was close to 5 

weeks longer in the 15 infants with normal ERG findings than in 
the 6 with abnormal ERGs. Furthermore, there were no unex-
posed infants in the study to which to compare the incidence of 
abnormal ERG results. Finally, 2 studies previously published had 
shown normal ERG results in 10 exposed infants (15,25). Over-
all, no other studies showed ERG abnormalities, and no studies 
showed clinical evidence of visual defects after antenatal HCQ 
exposure, which is reassuring.

The remaining reports of ocular problems after antenatal 
antimalarial exposure in the literature were from case reports. In 
the first, 3 exposed infants were found to have retinal changes 
of uncertain significance in the context of various congenital 
defects (24), and in the second, 2 exposed infants had retinal 
lesions since birth (10). Notably, in all 5 cases of retinal changes, 
the mothers were consistently taking excess doses of the drug. 
Finally, in the case report by Mulholland et al (11), an infant was 
born with anterior chamber dysgenesis in the context of in utero 
exposure to HCQ and methotrexate, a known teratogen, in the 
first 8 weeks of life. The significance of this last report remains 
unclear, because this is the first documented case of Peters 
anomaly following intrauterine exposure to either of those med-
ications.

For the most part, reports of ocular abnormalities in off-
spring with antenatal exposure to antimalarials in the literature 
are few. Among the cohort and randomized controlled studies, 
which included a total number of 789 exposed infants, there 
was a low incidence of abnormal ocular findings and no doc-
umented defects in visual function. Isolated reports of ocular 
abnormalities in children exposed in utero to antimalarials are 
documented in the literature, but in many cases the exposures 
were not typical for what is used in SLE. Therefore, high dos-
ages of these medications should be avoided, particularly in 
pregnancy. Staying within the current maximum daily dosage 
of 5.0 mg/kg of HCQ (2) may reduce the risk of ocular abnor-
malities in antenatally exposed infants.

In conclusion, our results suggest a low- to- nonexistent 
risk of visual abnormalities in offspring exposed to antimalarials. 
The potential benefits for pregnant women with SLE to continue 
antimalarials should be weighed against the possible risk. Long- 
term population- based studies of ocular anomalies at birth and 
throughout childhood in children exposed in utero to antimalarials 
are required to confirm the safety of these drugs with respect to 
retinal complications.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Dr. Vinet had full access to all of the data 
in the study and takes responsibility for the integrity of the data and the 
accuracy of the data analysis.
Study conception and design. Gaffar, Pineau, Bernatsky, Scott, Vinet.
Acquisition of data. Gaffar, Vinet.
Analysis and interpretation of data. Gaffar, Vinet.



GAFFAR ET AL 1610       |

REFERENCES
 1. Kuhn A, Aberer E, Bata-Csörgő Z, Caproni M, Dreher A, Frances C, 

et al. The diagnosis and treatment of systemic lupus erythematosus. 
Deutsches Arzteblatt Int 2015;112:423–32.

 2. Marmor MF, Kellner U, Lai TY, Melles RB, Mieler WF. Recommenda-
tions on screening for chloroquine and hydroxychloroquine retinopa-
thy (2016 revision). Ophthalmol 2016;123:1386–94.

 3. Costedoat-Chalumeau N, Amoura Z, Aymard G, Hong DL, Wechsler 
B, Vauthier D, et al. Evidence of transplacental passage of hydroxy-
chloroquine in humans. Arthritis Rheum 2002;46:1123–4.

 4. Ullberg S, Lindquist NG, Sjostrand SE. Accumulation of chorio- 
retinotoxic drugs in the foetal eye [letter]. Nature 1970;227:1257–8.

 5. Canadian Hydroxychloroquine Study Group. A randomized study of 
the effect of withdrawing hydroxychloroquine sulfate in systemic lu-
pus erythematosus. N Engl J Med 1991;324:150–4.

 6. Clowse ME. Lupus activity in pregnancy. Rheum Dis Clin North Am 
2007;33:237–52.

 7. Clowse ME, Magder L, Witter F, Petri M. Hydroxychloroquine in 
 lupus pregnancy. Arthritis Rheum 2006;54:3640–7.

 8. Costedoat-Chalumeau N, Amoura Z, Huong DL, Lechat P, Piette 
JC. Safety of hydroxychloroquine in pregnant patients with con-
nective tissue diseases: review of the literature. Autoimmun Rev 
2005;4:111–5.

 9. Osadchy A, Ratnapalan T, Koren G. Ocular toxicity in children ex-
posed in utero to antimalarial drugs: review of the literature. J Rheu-
matol 2011;38:2504–8.

 10. Paufique L, Magnard P. Retinal degeneration in 2 children following 
preventive antimalarial treatment of the mother during pregnancy. 
Bull Soc Ophtalmol Fr 1969;69:466–7. In French.

 11. Mulholland CP, Pollock TJ. The Peters anomaly following antena-
tal exposure to methotrexate and hydroxychloroquine [letter]. Can J 
Ophthalmol 2011;46:289–90.

 12. Moher D, Liberati A, Tetzlaff J, Altmanl DC, and the PRISMA Group. 
Preferred reporting items for systematic reviews and meta- analyses: 
the PRISMA statement. J Clin Epidemiol 2009;62:1006–12.

 13. Adam I, Idris HM, Elbashir MI. Quinine for chloroquine- resistant fal-
ciparum malaria in pregnant Sudanese women in the first trimester. 
East Mediterr Health J 2004;10:560–5.

 14. Adam I, Mirghani OA, Saed OK, Ahmed SM, Mohamadani AA, 
Ahmed HM, et al. Quinine therapy in severe Plasmodium falcipar-

um malaria during pregnancy in Sudan. East Mediterr Health J 
2004;10:159–66.

 15. Cimaz R, Brucato A, Meregalli E, Muscara M, Sergi P. Electroretino-
grams of children born to mothers treated with hydroxychloroquine 
during pregnancy and breast- feeding: comment on the article by 
Costedoat- Chalumeau et al [letter]. Arthritis Rheum 2004;50:3056–7.

 16. Costedoat-Chalumeau N, Amoura Z, Duhaut P, Huong DL, Sebbough 
D, Wechsler B, et al. Safety of hydroxychloroquine in pregnant patients 
with connective tissue diseases: a study of one hundred thirty- three cas-
es compared with a control group. Arthritis Rheum 2003;48:3207–11.

 17. Renault F, Flores-Guevara R, Renaud C, Renault C, Richard P, Verm-
ersh AI, et al. Visual neurophysiological dysfunction in infants exposed 
to hydroxychloroquine in utero. Acta Paediatr 2009;98:1500–3.

 18. Motta M, Tincani A, Faden D, Zinzini E, Lojacono A, Marxhesi A, 
et al. Follow- up of infants exposed to hydroxychloroquine given to 
mothers during pregnancy and lactation. J Perinatol 2005;25:86–9.

 19. Klinger G, Morad Y, Westall CA, Laskin C, Spitzer KA, Koren G,  
et al. Ocular toxicity and antenatal exposure to chloroquine or hydrox-
ychloroquine for rheumatic diseases [letter]. Lancet 2001;358:813–4.

 20. Levy M, Buskila D, Gladman DD, Urowitz MB, Koren G. Pregnancy 
outcome following first trimester exposure to chloroquine. Am J Per-
inatol 1991;8:174–8.

 21. Buchanan NM, Toubi E, Khamashta MA, Lima F, Kerslake S, Hughes 
GR. Hydroxychloroquine and lupus pregnancy: review of a series of 
36 cases. Ann Rheum Dis 1996;55:486–8.

 22. Villegas L, McGready R, Htway M, Paw MK, Pimanpanarak M, 
 Arunjerdja R, V et al. Chloroquine prophylaxis against vivax malaria 
in pregnancy: a randomized, double- blind, placebo- controlled trial. 
Trop Med Int Health 2007;12:209–18.

 23. Levy RA, Vilela VS, Cataldo MJ, Ramos RC, Duarte JL, Tura BR,  
et al. Hydroxychloroquine (HCQ) in lupus pregnancy: double- blind 
and placebo- controlled study. Lupus 2001;10:401–4.

 24. Hart CW, Naunton RF. The ototoxicity of chloroquine phosphate. 
Arch Otolaryngol 1964;80:407–12.

 25. Costedoat-Chalumeau N, Amoura Z, Sebbough D, Piette JC. Elec-
troretinograms of children born to mothers treated with hydroxychlo-
roquine during pregnancy and breast feeding [letter]. Arthritis Rheum 
2004;50:3056–7.

 26. Moher D, Liberati A, Tetzlaff J, Altman DG, and the PRISMA Group. 
Preferred reporting items for systematic reviews and meta- analyses: 
the PRISMA statement. PLoS Med 2009;6:e1000097.



1611  

Arthritis Care & Research
Vol. 71, No. 12, December 2019, pp 1611–1620
DOI 10.1002/acr.23818 
© 2018, American College of Rheumatology

Physical Fitness in Patients With Oligoarticular and 
Polyarticular Juvenile Idiopathic Arthritis Diagnosed in the 
Era of Biologics: A Controlled Cross- Sectional Study
Kristine Risum,1  Elisabeth Edvardsen,2 Kristin Godang,3 Anne M. Selvaag,3 Bjørge H. Hansen,4 
Øyvind Molberg,1 Jens Bollerslev,1 Inger Holm,1 Hanne Dagfinrud,5 and Helga Sanner6

Objective. To perform a comprehensive evaluation of and identify correlates for physical fitness in consecutive 
patients with juvenile idiopathic arthritis (JIA) who have been diagnosed in the era of biologics and to compare the 
results with those obtained in healthy controls.

Methods. The study cohort included 60 patients with JIA (50 girls) ages 10–16 years and 60 age-  and sex- 
matched controls. The JIA group included 30 patients with persistent oligoarticular JIA and 30 patients with extended 
oligoarticular or polyarticular disease. Measures of physical fitness included cardiorespiratory fitness (CRF) by peak 
oxygen uptake (Vo2peak) during a continuous graded treadmill exercise test, muscle strength by isokinetic and iso-
metric knee and hand grip evaluations, and bone mineral density (BMD) and body composition by dual- energy x- ray 
absorptiometry. Physical activity was assessed by accelerometry.

Results. Forty- two percent of the patients were being treated with biologic drugs. Patients with JIA demonstrated 
lower muscle strength and total body BMD compared to controls, but there were no differences in CRF and body 
composition. Physical fitness was comparable between the persistent oligoarticular and extended oligoarticular/
polyarticular- JIA groups. In patients with JIA, we identified associations between higher vigorous physical activity 
and higher CRF and muscle strength, but did not find any association between physical fitness and disease variables.

Conclusion. In this cohort of patients with JIA, we found suboptimal muscle strength and BMD compared to 
controls, but no differences in CRF and body composition. Vigorous physical activities appeared important for op-
timizing muscle strength and CRF in patients with JIA; the importance of such activities should be highlighted in 
patient education.

INTRODUCTION

Early aggressive medical treatment, including biologic  therapy, 
has dramatically improved the overall outcome in patients with 
juvenile idiopathic arthritis (JIA). This has allowed for a shift in focus 
regarding patient outcome measures, with less focus on disability 
and more on physical function (1,2). One of the most important 
and complex measures of physical function in health and disease 
is physical fitness. Physical fitness is defined as a set of attri­
butes, including cardiorespiratory fitness (CRF), muscle strength 
and endurance, bone density, and body composition, that people 
have or achieve, which relates to the ability to perform physical 

activity (PA) (3). The individual components of physical fitness have 
been assessed previously in small cohorts of patients with JIA, but 
there is limited knowledge about this outcome measure in patient 
cohorts subjected to early and aggressive medical treatment.

Previous cohort studies have found that patients with JIA 
have impaired CRF, mostly measured as peak oxygen uptake 
(Vo2peak), compared to healthy peers (4–10); with the lowest CRF 
values reported in patients having polyarticular disease (6). Previ­
ous studies have also reported lower muscle strength in patients 
with JIA compared to controls (11–14). However, knowledge about 
isokinetic knee muscle strength, resembling muscle activity impor­
tant for activities of daily living, is sparse in patients with JIA.
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In healthy children, low CRF is associated with subclinical 
cardiovascular disease (CVD) (15,16). Adequate CRF is impor­
tant in children with JIA as the chronic inflammation is associated 
with early subclinical signs of atherosclerosis (17) and, moreover, 
many have active disease into adulthood (18). Also, higher muscle 
strength is associated with lower CVD risk and better bone health 
in healthy children and adolescents (16,19).

A recent review concluded that most studies show lower 
bone mineral density (BMD) in JIA patients when compared to 
reference values (20), whereas another study demonstrated nor­
mal BMD in patients with JIA (21). Reduced lean mass has been 
reported in JIA patients when compared to controls (22,23), while 
both higher (24) and comparable (25) percentage total body fat 
have been reported.

Notably, the various measurements of physical fitness have 
not been systematically evaluated using optimized methods in the 
same JIA cohort, as well as in patients diagnosed in the biologic 
era. The latter is potentially important as advances in medical 
therapies could have an impact on physical fitness. Contrary to 
previous studies, our research group recently reported that objec­
tively measured PA levels were comparable between patients with 
JIA and controls from the general population (26); indicating that 
it would be informative to evaluate physical fitness in the same 
cohort. The aims of the present study were 3­ fold and included 
comparing physical fitness in patients with JIA who were diag­
nosed in the era of biologics with age­  and sex­ matched controls 
from the general population, comparing physical fitness in patients 
with persistent oligoarticular JIA and those who had polyarticular 
disease to examine if disease severity is still of importance, and 
exploring associations between physical fitness and different dis­
ease variables.

PATIENTS AND METHODS

Study participants. In this controlled cross­ sectional study, 
we included patients with JIA, ages 10–16 years, with a planned 

routine visit at Oslo University Hospital (OUS) and with a home 
address in the geographic area served by the South­ Eastern Nor­
way Regional Health Authority. This area has a denominator popu­
lation of 2.8 million (57% of the Norwegian population). The patients 
were classified with persistent oligoarthritis or polyarticular disease 
(extended oligoarthritis and polyarticular rheumatoid factor posi­
tive/negative) according to the International League of Associations 
for Rheumatology criteria (27) with a disease duration >6 months. 
Patients were excluded if they had comorbidities associated with, 
or potentially associated with, impaired cardiopulmonary fitness  
(e.g., heart or lung disease, severe orthopedic conditions or 
recent surgery). In addition, individually age­  and sex­ matched 
controls from the general population (living in or nearby Oslo) were 
randomly selected from the National Registry. Exclusion criteria 
for the controls were inflammatory rheumatic or autoimmune dis­
ease, severe heart or lung disease, or other diseases involving 
mobility problems.

The study complied with the Declaration of Helsinki. All par­
ticipants provided written informed consent/assent. The study 
was approved by the Norwegian South East Regional Ethics 
Committee for Medical Research (2014/188).

Data collection including clinical and laboratory 
measures. All study participants were examined at OUS and 
included patients in conjunction with their routine visit between 
January and August 2015 and controls during a 1­ day pro­
gram between November 2015 and March 2016. Height, body 
weight, and waist circumference were measured. Body mass 
index (BMI) was calculated, and age­  and sex­ specific BMI 
cutoff values were used to categorize the children as normal 
weight, overweight, or obese (28). Pubertal status was self­ 
reported using Tanner stages 1–5 (29,30). The puberty stages 
were then categorized into pre­ puberty (Tanner stage 1), mid­ 
puberty (Tanner stages 2–4), and post­ puberty (Tanner stage 5). 
Girls were asked about age at menarche. Smoking and other 
tobacco­ related habits were registered during an interview with­
out the parents present. Current pain, and pain and fatigue dur­
ing the previous week were assessed by numerical rating scale 
0–10 (31). The erythrocyte sedimentation rate (ESR), C­ reactive 
 protein (CRP) levels and hemoglobin were analyzed. In patients, 
we performed a total joint count (71 joints) and reported sep­
arately the count for the lower extremities (including hip, knee, 
ankle, tarsus, meta tarsophalangeal, and interphalangeal joints). 
Disease activity was assessed by the Juvenile Arthritis Disease 
Activity Score in 71 joints (JADAS­ 71) (32). The Wallace criteria 
were used to determine if patients had clinical inactive disease 
(referred to as inactive disease) or active disease (33). The Child­
hood Health Assessment Questionnaire (C­ HAQ) was used to 
measure functional disability (34,35).

CRF. CRF was directly measured as peak oxygen uptake 
(Vo2peak) during a continuous graded exercise test on a treadmill 

SIGNIFICANCE & INNOVATIONS

• Cardiorespiratory fitness and body composition in 
patients with oligoarticular and polyarticular juve-
nile idiopathic arthritis (JIA) that have been diag-
nosed in the era of biologics are comparable with 
controls.

• Muscle strength and bone health are both subopti-
mal in patients with oligoarticular and polyarticular 
JIA compared to controls.

• In this well-treated JIA cohort, there were no associ-
ations between disease variables and the different 
components of physical fitness.

• Higher vigorous physical activity is associated 
with better cardiorespiratory fitness and muscle 
strength in patients.
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(Woodway) until exhaustion. The test protocol was specifically 
developed for this study (Table 1). The test was terminated when 
the participant was unable to continue, after strong encourage­
ment from the test leader.

Gas exchange and ventilator variables were measured con­
tinuously, breath­ by­ breath, as the participants breathed into a 
2­ way breathing mask (2700 series; Hans Rudolph, Inc.). The 
gas analyzer (Vmax SensorMedics; Yorba Linda) was calibrated 
for volume daily, and calibrated for gas before each test. The 
gas­ exchange variables were reported as 30­ second averages. 
The highest achieved oxygen uptake averaged over a 30­ second 
period was defined as Vo2peak. The highest respiratory exchange 
ratio (RER) measured before or corresponding to the highest min­
ute ventilation was reported. The heart rate (HR) was recorded 
every minute using Polar Sports Watch (Polar Electro) and the 
peak HR was also reported.

The perceived exertion (RPE) was rated by Borg scale 6–20 
(36), and the participants also gave a reason for terminating the test. 
As no consensus of criteria for maximal test exists in children, the 
exercise test was considered maximal by evaluation from the test 
leader, including signs of rapid breathing, facial flushing, unsteady 
running and high RPE, HR, and RER in the participants. Vo2peak 
expressed as ml × kg−1 × minutes−1 is our main CRF outcome. 
Vo2peak refers to Vo2peak (ml × kg−1 × minutes−1), unless stated other­
wise. A poor Vo2peak was defined as values below 85% of the mean 
in controls, for girls and boys separately. CRF variables also included 
absolute Vo2peak (liters × minutes−1), O2 pulse (ml × minutes−1/peak 
HR) and ventilatory efficiency slope (VE/VCO2 slope).

Muscle strength. Knee extension and flexion were tested 
isokinetically using a Cybex 6000 (Cybex­ Lumex, Inc.). Both legs 
were tested in a sitting position, with the dominant leg first.

The children performed 5 repetitions at angular velocities 
of 60°/second and 30 repetitions at 240°/second, respectively. 
Results are given as peak torque (Nm) and work (Joule). The val­
ues were normalized for body weight (absolute values divided 
by body weight × 100) for comparison between groups. In linear 

multiple regression analysis, the absolute value for maximal knee 
extension in the dominant leg was used. The protocol included 4 
trial repetitions at both velocities bilaterally.

Grip strength was measured bilaterally using the Baseline 
dynamometer (Fabrication Enterprises). The participants were seated 
with their arm alongside the trunk and elbow in 90° of flexion. The 
first and second positions out of the 5 positions of the dynamometer 
were used. The dominant hand was tested first. The mean value (in 
kilograms) of 2 trials for each hand was used in the analyses.

Bone mineral density and body composition. The 
pediatric BMD and total body composition were determined by 
dual­ energy x­ ray absorptiometry, anterior–posterior projection, at 
the lumbar spine (L2–L4) and total body. A GE Healthcare Lunar 
Prodigy narrow fan beam from (Lunar Corp.) densitometer was 
used and all the scans were analyzed using enCORE software 
version 14.10 (Lunar Corp.). Standard imaging and positioning 
protocols were used to scan the subjects. Absolute BMD values 
(g/cm2) and BMD Z scores were estimated by comparison to the 
Lunar­ reference database incorporated in the software suitable for 
clinical use in the Norwegian population (37). Z score values ≤2 
were defined as below the expected range for age and sex.

Physical activity. Objective registration of PA was mea­
sured with an accelerometer (ActiGraph GT3X) for 7 consecutive 
days during waking hours. We applied recommended thresholds 
for PA intensities in children (38,39), including sedentary time 
(<101 cpm), light PA (LPA) (≥101 to ≤2,295 cpm), moderate PA 
(MPA) (≥2,296 to ≤4,011 cpm), and vigorous PA (VPA) (>4,011 
cpm).

Statistical analysis. A power analysis was conducted 
based on previous research on differences in Vo2peak between 
patients with JIA and controls (6,7), and with an alpha of 5% 
and power of 80% we would need at least 13 participants in 
each group. To be able to compare patient subgroups and to 
study secondary outcomes, we aimed at recruiting 60 patients  
(30 patients with oligoarticular JIA and 30 patients with polyar­
ticular disease) and 60 controls.

Continuous data were expressed as mean ± SD or 
median (interquartile range), as appropriate. Independent 
sample t­ tests, Mann­ Whitney U tests, or chi­ square tests 
were used to assess differences between patients and con­
trols and between patient subgroups (oligoarticular versus 
polyarticular and active versus inactive disease), as appro­
priate. Linear regression analyses were conducted to identify 
correlates of physical fitness in patients. Variables that were 
associated (P < 0.15) with the outcome variables (Vo2peak, 
maximal knee extension, and total body BMD [TBBMD]) 
in univariate linear analyses were evaluated in the multiple 
linear analyses. Highly correlated independent variables  
(r > 0.7) were avoided. Potential correlates of physical fitness 

Table 1. Treadmill protocol used for all 
study participants

Time 
(mins.)

Speed 
(km/hour)

Inclination 
(%)

1 4 4
2 5 4
3 5 6
4 6 6
5 6 8
6 7 8
7 7 10
8 8 10
9 8 12
10 9 12
11 9 14
12 10 14
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included the use of any medication, use of biologic medi­
cation, CRP, ESR, hemoglobin, active joints, active joints in 
the lower extremities, JADAS­ 71, C­ HAQ, disease duration, 
disease state, current pain, pain and fatigue during previous 
week, age, sex, BMI, puberty status, sedentary time, LPA, 
MPA, and VPA. Because the sample size did not allow us 
to simultaneously include all potential variables in the mul­
tiple linear regression model, we preselected a maximum 
of 7 variables. Statistical tests were conducted using SPSS 
version 23.0. P values < 0.05 were considered statistically 
significant.

RESULTS

Characteristics of patients and controls. Some of the 
demographic characteristics of the study population and disease 
characteristics of the cohort of patients with JIA have previously 
been published (26), but are shown in Table  2 for the sake of 
clarity and completeness. No significant difference was found in 
puberty stages (Table 2) or in age at menarche among the girls. All 
participants had normal hemoglobin values. None of the partici­
pants were regular smokers or had other tobacco­ related habits 
or used systemic corticosteroids. Forty patients (67%) had active 
disease and 20 (33%) had inactive disease.

Cardiorespiratory fitness. The exercise test was 
considered maximal in all participants, and all participants 

reported general tiredness as the reason for terminating the 
exercise test. We found no significant differences in Vo2peak and 
in minute ventilation (liters × minutes−1) between patients and 
controls (Table  3). Also, the peak HR, RER, and RPE were 
comparable between these groups. We did, however, find 
that patients had lower absolute Vo2peak (liters × minutes−1) and 
O2 pulse than controls. There was no significant difference 
between the proportion of patients and controls defined as 

having poor Vo2peak (stratified by sex) (Figure 1).
Ventilatory efficiency (VE/VCO2 slope), was higher in 

patients with polyarticular compared to oligoarticular disease, 
but all values were within normal cutoff values (Table 3). The 
other CRF variables did not differ significantly between oli­
goarticular and polyarticular JIA. No CRF variables were sig­
nificantly different between patients with active and inactive 
disease (Figure 2A; data not shown).

Muscle strength. Patients showed lower grip strength 
and maximal quadriceps and hamstring strength bilaterally 
compared to controls (Table  3). Patients also had lower knee 
flexion endurance bilaterally. No significant muscle strength dif­
ferences were found between patient subgroups; oligoarticular 
versus polyarticular (Table 3) and active versus inactive disease 
 (Figure 2B; data not shown).

BMD and total body composition. Patients had lower 
TBBMD for both absolute values and Z scores compared to 

Table 2. Characteristics of patients with JIA and controls*

JIA total 
(n = 60)

Controls 
(n = 60)

Oligoarticular 
JIA 

(n = 30)

Polyarticular 
JIA 

(n = 30)
Age, mean ± SD years 13.6 ± 2.2 13.5 ± 2.6 13.5 ± 2.2 13.7 ± 2.2
Female sex 50 (83) 50 (83) 27 (90) 23 (77)
Height, mean ± SD cm 157.9 ± 12.6 161.2 ± 12.6 157.1 ± 11.8 158.7 ± 13.6
Weight, mean ± SD kg 49.3 ± 13.8 53.5 ± 15.4 47.0 ± 10.1 51.5 ± 16.2
BMI, mean ± SD kg/m2 19.4 ± 3.5 20.2 ± 3.5 18.8 ± 2.1 20.1 ± 4.4
Pubertal status (pre- /mid- /postpubertal), % 23/62/17 17/68/15 20/63/17 27/60/13
NRS current pain (0–10), with score >0 23 (38) 18 (30) 12 (40) 11 (37)
NRS pain previous week (0–10), median (IQR) 1.0 (0.0–3.0) 1.0 (0.0–3.0) 0.0 (2.0–3.3) 1.0 (0.0–3.5)
NRS fatigue previous week (0–10), median (IQR) 3.0 (2.0–6.0) 3.0 (1.0–3.5) 3.5 (2.0–6.3) 3.0 (2.0–5.3)
CRP level >4 mg/liter 3 (5) 0 (0) 1 (3) 2 (7)
Physiotherapy regularly 13 (22) 4 (7)† 3 (10) 10 (33)†
Disease duration, mean ± SD years 7.5 ± 3.8 NA 7.6 ± 3.9 7.3 ± 4.0
JADAS- 71 (0–101), median (IQR) 3.3 (1.1–4.8) NA 3.3 (0.8–4.8) 3.2 (1.4–4.6)
C- HAQ score (0–3), median (IQR) 0.0 (0.0–0.4) NA 0.1 (0.0–0.3) 0.0 (0.0–0.4)
Off medication 12 (20) NA 10 (33) 2 (7)†
Synthetic DMARDs 40 (67) NA 18 (60) 22 (73)
Biologic DMARDs 25 (42) NA 5 (17) 20 (67)‡
Synthetic + biologic DMARDs 19 (32) NA 5 (17) 14 (47)†
Active disease 40 (67) NA 18 (60) 22 (73)
Clinical inactive disease 20 (33) NA 12 (40) 8 (27)

* Values are the number (%) unless indicated otherwise. JIA = juvenile idiopathic arthritis; BMI = body mass index;  
NRS = numerical rating scale; CRP = C- reactive protein; JADAS- 71 = Juvenile Arthritis Disease Activity Score in 71 joints; 
IQR = interquartile range; C- HAQ = Childhood Health Assessment Questionnaire; DMARDs = disease- modifying antirheu-
matic drugs; NA = not applicable. 
† = P < 0.05. 
‡ = P < 0.001 when comparing JIA total versus controls or oligoarticular JIA versus polyarticular JIA. 



OLIGOARTICULAR AND POLYARTICULAR JIA PHYSICAL FITNESS |      1615

controls (Table 3). Two patients had lumbar spine BMD Z score 
≤2. No significant differences were found regarding body com­
position, but there was a tendency for patients with JIA to have 
lower total body lean mass and total body bone mineral con­
tent than controls. There were no significant differences in any 
of the BMD and body composition measurements between 
JIA subgroups; oligoarticular versus polyarticular (Table  3)  
and active versus inactive disease (Figures 2C and D; data not  
shown).

Correlates of physical fitness in patients. Since 
we found no differences in Vo2peak, maximal knee extension 
dominant leg and TBBMD between any patient subgroups 

(oligoarticular versus polyarticular and active versus inac­
tive disease), we included all patients in the linear regres­
sion analyses. Correlates for physical fitness in patients are 
shown in Table 4. Male sex, lower BMI, and higher VPA were 
identified as correlates for higher Vo2peak. Male sex, higher 
BMI, age, and VPA were identified as correlates for higher 
muscle strength. Muscle strength and total lean mass were 
highly correlated (r = 0.79). For higher TBBMD, we identified 
higher lean mass, age, and female sex as correlates. Age 
and puberty status were highly correlated (r = 0.74), and age 
was chosen in the best fit models for muscle strength and 
TBBMD, as this variable provided more to the explanatory 
power of the models.

Table 3. Physical fitness in patients with JIA and controls*

JIA total 
(n = 59–60)†

Controls 
(n = 59–60)

Oligoarticular JIA 
(n = 30)‡

Polyarticular JIA 
(n = 29–30)§

Cardiorespiratory fitness
Vo2peak (liters × minutes−1) 2.2 ± 0.6 2.4 ± 0.7¶ 2.1 ± 0.5 2.2 ± 0.6
Vo2peak (ml × kg−1 × minutes−1) 45.1 ± 8.5 46.5 ± 8.5 45.0 ± 7.6 45.3 ± 9.4
Minute ventilation (liters × minutes−1) 80.3 ± 21.6 87.2 ± 22.2 77.8 ± 21.1 82.8 ± 22.2
VE/VCO2 slope 27.0 ± 2.5 27.4 ± 2.6 26.2 ± 2.6 27.9 ± 2.1†
O2 pulse (ml/beat) 10.9 ± 2.8 12.3 ± 3.6¶ 10.7 ± 2.7 11.1 ± 2.9
Respiratory exchange ratio 1.27 ± 0.12 1.23 ± 0.10 1.27 ± 0.12 1.26 ± 0.13
Peak heart rate (beats/minute) 196 ± 9 197 ± 7 195 ± 10 197 ± 7
Borg scale (6–20) 18.9 ± 1.9 18.5 ± 1.0 19.0 ± 1.4 18.9 ± 2.4
Running distance (m) 909 ± 236 968 ± 190 905 ± 228 913 ± 247
Test time (secs) 527 ± 99 554 ± 76 526 ± 97 529 ± 103

Grip strength (kg)
Dominant hand strength 23.2 ± 7.4 27.9 ± 8.4¶ 22.9 ± 7.0 23.5 ± 7.8
Nondominant hand strength 23.2 ± 6.6 25.9 ± 7.7¶ 23.3 ± 6.1 23.0 ± 7.2

Maximal muscle strength#
Dominant knee extension 124 ± 38 146 ± 34¶ 131 ± 33 118 ± 42
Nondominant knee extension 131 ± 38 154 ± 32** 138 ± 37 125 ± 38
Dominant knee flexion 65 ± 26 83 ± 22** 64 ± 25 66 ± 28
Nondominant knee flexion 72 ± 28 86 ± 23¶ 74 ± 27 68 ± 29

Muscle endurance††
Dominant knee extension 2,470 ± 633 2,660 ± 466 2,516 ± 650 2,424 ± 624
Nondominant knee extension 2,528 ± 609 2,565 ± 477 2,596 ± 583 2,461 ± 636
Dominant knee flexion 1,065 ± 461 1,376 ± 409** 1,109 ± 470 1,018 ± 455
Nondominant knee flexion 1,023 ± 489 1,249 ± 404¶ 1,106 ± 511 940 ± 459

Bone mineral density (gm/cm2)
TBBMD 0.971 ± 1.127 1.033 ± 0.128¶ 0.970 ± 0.128 0.972 ± 0.129
TBBMD Z score 0.152 ± 0.810 0.712 ± 0.910¶ 0.200 ± 0.909 0.103 ± 0.709
Lumbar spine BMD 0.998 ± 0.189 1.0366 ± 0.174 0.998 ± 0.174 0.979 ± 0.206
Lumbar spine BMD Z score –0.362 ± 1.021 –0.008 ± 1.024 –0.243 ± 0.931 –0.480 ± 1.107

Body composition
Total body mass (kg) 49.5 ± 13.6 53.9 ± 15.3 47.3 ± 10.2 51.7 ± 16.2
Total body lean mass (kg) 33.4 ± 8.5 36.7 ± 10.0 32.5 ± 7.9 34.4 ± 9.1
Total body BMC (kg) 1.8 ± 0.5 2.2 ± 1.5 1.8 ± 0.4 1.9 ± 0.5
Total body fat mass (kg) 14.2 ± 7.1 15.2 ± 6.7 13.0 ± 3.7 15.4 ± 9.3
Total body fat (%) 29.3 ± 7.6 28.7 ± 6.4 28.8 ± 6.4 29.8 ± 8.6

* Values are the mean ± SD. JIA = juvenile idiopathic arthritis; Vo2peak = peak oxygen uptake; VE/VCO2 = ventilation/carbon dioxide 
production; TBBMD = total body bone mineral density; BMD = bone mineral density; BMC = bone mineral content. 
† Consisted of patients with persistent oligoarticular JIA, extended oligoarticular JIA, polyarticular JIA rheumatoid factor positive/
negative. 
‡ Consisted of patients with persistent oligoarticular JIA. 
§ Consisted of patients with extended oligoarticular JIA, polyarticular JIA rheumatoid factor positive/negative. 
¶ = P < 0.05. 
# Newton meter divided by body weight × 100. 
** P < 0.001 when comparing JIA total versus controls or oligoarticular JIA versus polyarticular JIA. 
†† Joule divided by body weight × 100. 
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DISCUSSION

Studies that concurrently evaluate all aspects of physical 
fitness are lacking in JIA, and there are sparse physical fitness 
data from contemporary cohorts. Here, we showed that patients 
with JIA who were diagnosed in the era of biologics had CRF 
and body composition comparable to age­  and sex­ matched 
controls from the general population, but lower muscle strength 

and TBBMD. Furthermore, higher CRF and muscle strength 
were associated with higher VPA levels, which reinforces the 
view that high intensity activities are desirable in JIA. No disease­ 
related variables were identified as correlates for physical fitness 
in patients. To our knowledge, this is the first study to assess 
physical fitness comprehensively with state­ of­ the­ art measure­
ments in a contemporary JIA patient cohort with good access to 
biologic therapies.

Figure 2. Differences in measures of cardiorespiratory fitness (A), muscle strength (B), bone mineral density (C), and body composition  
(D) between patients with juvenile idiopathic arthritis with active disease versus those with inactive disease. Vo2peak = peak oxygen uptake; BMD =  
bone mineral density.

Figure 1. There was no significant difference between the proportion of patients and controls defined as having poor Vo2peak (stratified by sex). 
JIA = juvenile idiopathic arthritis.
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The current JIA cohort included patients with oligoarticu­
lar and polyarticular disease. These 2 JIA subgroups constitute 
~75% of the JIA population included in the JIA patient registry 
run at our hospital since 1999; thus, our results cannot be gen­
eralized to JIA categories that were not included. Since we have 
no data available on the 37% of patients who declined to par­
ticipate in the current study, we cannot rule out that the patients 
enrolled might be biased towards more physically fit patients. 
However, 42% of the enrolled patients were treated with biologic 
medication, indicating that we were not biased towards patients 
with a milder disease. The patients were matched with controls 
randomly drawn from the National Registry and the same equip­
ment was used for all measurements, avoiding measurement 
errors. Additionally, the controls were tested within a year after 
the patients, which avoided changes in PA patterns that might 
influence the physical fitness levels. Importantly, the results on 
CRF and muscle strength from the controls are in accordance 
with data from Norwegian population studies (40,41).

Our findings of comparable CRF between patients and con­
trols are in contrast to previous studies, all showing poorer CRF 
in patients with JIA than in controls (4–10). Only 1 of the previous 
studies assessed CRF with direct measurement of oxygen uptake 
by treadmill testing (8). Comparison should be made with caution, 

because our patients are older. Nevertheless, our patients had 
higher Vo2peak, while the Vo2peak in the 2 control groups was com­
parable (8). The mean values for HR, RER, and RPE in our study 
indicate that the study participants exercised at their maximum 
levels, underlined also by the fact that all participants reported 
exhaustion as the reason for terminating the test. Maggio et  al 
(8) suggested that the low RER in their patients possibly could 
be explained by physical limitations making it difficult to complete 
maximal exercise testing. Interestingly, compared to our patient 
cohort, they found higher mean active joint count in their patients, 
possibly explaining the differences in achieving maximal exercise 
tests. The previous studies measuring Vo2peak on a cycle ergom­
eter are not directly comparable to treadmill testing, since cycling 
gives a lower cardiopulmonary stress and is thought to underesti­
mate Vo2peak by more than 8–10% (42).

Our encouraging results of comparable CRF between 
patients and controls could possibly be explained by advances in 
the multidisciplinary management of JIA, including biologic ther­
apy and individualized tailored patient education on PA empha­
sizing participation in physical activities like healthy peers that 
patients find enjoyable, without any general restrictions.

There was a significant difference in absolute Vo2peak and O2 
pulse between patients and controls. However, these CRF var­

Table 4. Correlates for physical fitness in patients with JIA*

Univariate regression analyses Multiple regression analyses

Unstandardized B 
(95% CI) P

Unstandardized B 
(95% CI) P

Cardiorespiratory fitness  
(Vo2peak ml × kg−1 × minutes−1)

Female sex –8.12 (–13.93, –2.30) 0.007 –9.0 (–13.4, –4.6) <0.001
BMI –1.49 (–2.14, –0.85) <0.001 –1.4 (–1.9, –1.0) <0.001
MPA 0.23 (0.04, 0.42) 0.02
VPA 0.29 (0.11, 0.47) 0.002 0.3 (0.2, 0.5) <0.001
Pain previous week (NRS 0–10) –1.15 (–2.19, –0.11) 0.03
Fatigue previous week (NRS 0–10) –0.88 (–1.75, –0.02) 0.05
R2 adjusted 0.55

Maximal knee extension,  
dominant leg (Nm)

Age 6.8 (4.3, 9.4) <0.001 6.0 (3.6, 8.3) <0.001
Women –20.3 (–37.7, –2.9) 0.02 –21.5 (–34.9, –8.2) 0.002
BMI 2.9 (1.1, 4.7) 0.002 1.8 (0.3, 3.2) 0.02
VPA 0.7 (0.05, 1.3) 0.04 0.8 (0.3, 1.2) 0.001
Sedentary time 0.07 (–0.2, 0.17) 0.12
Fatigue previous week (NRS 0–10) 40.2 (–5.8, 86.2) 0.09
C- HAQ –23.6 (–43, –4.2) 0.02
R2 adjusted 0.54

TBBMD (gm/cm2)
Age 0.04 (0.03, 0.05) <0.001 0.04 (0.02, 0.05) <0.001
Women 0.02 (–0.07, 0.11) 0.59 0.01 (0.05, 0.15) <0.001
BMI 0.02 (0.01, 0.03) <0.001
Total lean mass 0.012 (0.009, 0.014) <0.001 0.01 (0.007, 0.013) <0.001
Total fat mass 0.008 (0.004, 0.012) 0.001
C- HAQ –0.13 (–0.22, –0.04) 0.007
R2 adjusted 0.74

* JIA = juvenile idiopathic arthritis; 95% CI = 95% confidence interval; Vo2peak = peak oxygen uptake; BMI = body 
mass index; MPA = moderate physical activity; VPA = vigorous physical activity; NRS = numeric rating scale; C- HAQ =  
Childhood Health Assessment Questionnaire; TBBMD = total body bone mineral density. 
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iables are highly influenced by body weight, thus, the differences 
are most likely explained by the tendency for patients to have 
lower body weight than controls.

We found that male sex, lower BMI, and higher VPA were 
correlates for higher CRF in patients. No disease variables were 
associated with CRF, which is in contrast to previous stud­
ies reporting associations with disease activity (6,8,9), articular 
limitation (8), swollen, limited, and active joints, CRP, ESR, and 
hemoglobin (9). In univariate analyses, we found associations only 
between CRF and pain and fatigue during the previous week. 
However, these associations did not remain significant in the mul­
tiple linear regression analyses, indicating that they were weak or 
possibly mediated by other variables. The lack of association with 
disease variables in our study might be explained by low disease 
activity and functional disability, indicating that our patients were 
well treated.

We did observe a large variation in CRF among both patients 
and controls. In the clinical setting, the 20–30% of patients with 
poor CRF should be identified, and subsequently encouraged to 
improve their CRF by participating in enjoyable physical activities, 
preferably also of vigorous intensity.

Patients had lower muscle strength in most of the variables 
tested, particularly for maximal muscle strength. This is in line with 
previous findings (11–13), although direct comparison is difficult 
due to differences regarding the applied methods and the muscle 
groups that were tested. We observed a trend for patients with JIA 
to have lower body weight and total lean mass than controls. Total 
fat mass and percentage body fat were, however, comparable. 
The total body composition in our cohort of patients with JIA is 
more favorable than that which has been described in previous 
studies (24). Advances in the multidisciplinary management of JIA 
might explain this result, subsequently leading to PA levels being 
relatively comparable between patients and controls (26), which is 
important for healthy body composition.

Our patients had decreased TBBMD (absolute values and 
Z scores) compared to controls, which is in line with previous 
findings (20). Contrary to our study, most of these studies were 
conducted before the introduction of biologics, in a time when 
systemic corticosteroids were more commonly used. We have 
no data on the cumulative corticosteroid use in our patients, but 
none of our patients currently used systemic corticosteroids. In 
contrast, a recent study found that patients with JIA had TBBMD 
comparable to a reference group (21).

In patients, we found that older age, male sex, higher BMI, 
and higher VPA were associated with higher muscle strength, sim­
ilar to previous findings in healthy children (43). Lean mass was 
not included as an explanatory variable in the model for muscle 
strength because it was highly associated with muscle strength; 
this association probably reflects that lean mass can be consid­
ered as an indirect measure of muscle strength. To our  knowledge, 
correlates for muscle strength in patients with JIA have not 
 previously been reported. We identified higher lean mass, higher 

age, and female sex as correlates for higher TBBMD. Higher lean 
mass is important for higher TBBMD in healthy children as well 
(19). Disease­ related variables were not identified as correlates for 
TBBMD in our study, and similar findings were demonstrated in 
a recent study on bone health in patients with JIA (21). However, 
older studies have shown the opposite results (20,44), indicat­
ing that disease­ related variables might be less important with 
advanced treatment resulting in less active disease.

Exercise may improve muscle strength and bone health in 
patients with JIA (14,21). In healthy children, maximal muscle 
strength training is suggested as a safe and efficient method 
to increase muscle strength. Furthermore, maximal muscle 
strength training also increases muscle endurance, improves 
bone health, and is an independent predictor of CVD (16,43,45). 
The current PA recommendations for patients with JIA, with 60 
minutes of daily MVPA are in accordance with the World Health 
Organization’s (WHO) general recommendations for children 
(46). Additionally, the WHO recommends VPA at least 3 times a 
week, including activities that strengthen muscle and bone. Our 
results suggest that these WHO recommendations should be 
applied for patients with JIA as well, preferably through activities 
that patients find enjoyable.

We found comparable physical fitness between JIA sub­
groups (oligoarticular versus polyarticular and active versus inactive 
disease). As mentioned above, we found no associations between 
disease variables and any components of physical fitness. We 
believe our findings suggest that JIA­ related disease factors no 
longer have an impact on physical fitness when multidisciplinary 
patient care is given in the era of biologics, but further studies are 
needed. Studying the same cohort, we have previously found 
comparable overall physical activity levels between patients and 
controls (26), which we believe contribute to our findings of no 
associations between disease variables and physical fitness.

Study limitations include the cross­ sectional design not 
allowing for causal conclusions. The proportion of boys was low, 
and sex differences should therefore be interpreted with caution.

In conclusion, patients with oligoarticular and polyarticular 
JIA who have been diagnosed in the era of biologics have sim­
ilar CRF and body composition, but lower muscle strength and 
bone health than matched healthy controls. All components of 
physical fitness are comparable between patients with persis­
tent oligoarthritis and polyarticular disease. Higher levels of VPA 
are associated with higher CRF and muscle strength in patients 
with JIA. Patient education should include specific advice on 
increasing physical activities of vigorous intensity, including PA 
that strengthens muscle and bone, preferably through activities 
that patients find enjoyable.
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Cost-­Effectiveness­of­Alternative­Anticoagulation­Strategies­
for­Postoperative­Management­of­Total­Knee­Arthroplasty­
Patients
Savannah R. Smith,1 Jeffrey N. Katz,2 and Elena Losina3

Objective. To evaluate the cost- effectiveness of prolonged (35- day) and standard- duration (14- day)  anticoagulation 
therapy following total knee arthroplasty (TKA).

Methods. Using Markov modeling, we assessed clinical and economic outcomes of 14- day and 35- day 
 anticoagulation therapy following TKA with rivaroxaban, low molecular weight heparin (LMWH), fondaparinux, 
 warfarin, and aspirin. Incidence of complications of TKA and anticoagulation therapy (deep vein thrombosis [DVT], 
pulmonary embolism [PE], prosthetic joint infection [PJI], and bleeding) were derived from published literature. Daily 
costs ranged from $1 (aspirin) to $43 (fondaparinux). Primary outcomes included quality- adjusted life years (QALYs), 
direct medical costs, and incremental cost- effectiveness ratios (ICERs) at 1 year post- TKA. The preferred regimen 
was the regimen with highest QALYs maintaining an ICER below the willingness- to- pay threshold ($100,000/QALY). 
We conducted probabilistic sensitivity analyses, varying complication incidence and anticoagulation efficacy, to 
 evaluate the impact of parameter uncertainty on model results.

Results. Aspirin resulted in the highest cumulative incidence of DVT and PE, while prolonged fondaparinux led 
to the largest reduction in DVT incidence (15% reduction compared to no prophylaxis). Despite differential bleeding 
rates (ranging from 3% to 6%), all strategies had similar incidence of PJI (1% to 2%). Prolonged rivaroxaban was the 
least costly strategy ($3,300 at 1 year post- TKA) and the preferred regimen in the base case. In sensitivity analyses, 
prolonged rivaroxaban and warfarin had similar likelihoods of being cost- effective.

Conclusion. Extending postoperative anticoagulation therapy to 35 days increases QALYs compared to standard 
14- day prophylaxis. Prolonged rivaroxaban and prolonged warfarin are most likely to be cost- effective post- TKA; the 
costs of fondaparinux and LMWH precluded their being preferred strategies.

INTRODUCTION

Patients with total knee arthroplasty (TKA) are at risk of deep 
vein thrombosis (DVT) and pulmonary embolism (PE). Approx-
imately 60% of patients without prophylaxis develop DVT (1,2). 
While many of these thromboses are isolated to calf veins, resolv-
ing without complications, nearly 12% of patients after TKA with-
out preventative treatment present with evidence of proximal 
thromboses early in the postoperative course (2,3). Proximal DVTs 
are more likely to be clinically significant and can spontaneously 
break free, resulting in PE, which contributes to 100,000 deaths 
annually and increases the risk of recurrent DVT (4–6).

To reduce the risk of DVT and PE, TKA patients are 
 prescribed anticoagulants, as recommended by American 
 College of Chest Physicians (ACCP) and the American Academy 
of Orthopedic Surgeons (AAOS) (7,8). While both professional 
societies suggest chemoprophylaxis, the guidelines are unclear 
regarding the specific agent and appropriate duration. ACCP 
recommends therapy for a minimum of 10–14 days and up to 
35 days, whereas AAOS leaves the duration of postoperative 
anticoagulants to physician discretion (9,10). The absence of 
guidance on duration and regimen selection has resulted in high 
variability in the postoperative care of TKA patients, with various 
anticoagulants employed from 7 days to 6 weeks (7). Further, 

Supported by the Rheumatology Research Foundation Medical Student 
Preceptorship and the NIH (grant K24-AR-057827 from the National Institute 
of Arthritis and Musculoskeletal and Skin Diseases).

1Savannah R. Smith, BA: George Washington University School of 
Medicine and Health Sciences, Washington, DC, and Brigham and Women’s 
Hospital, Boston, Massachusetts; 2Jeffrey N. Katz, MD, MSc: Brigham and 
Women’s Hospital and Harvard Medical School, Boston, Massachusetts; 
3Elena Losina, PhD: Brigham and Women’s Hospital, Harvard Medical School, 
and Boston University School of Public Health, Boston, Massachusetts.

No potential conflicts of interest relevant to this article were  
reported.

Address correspondence to Elena Losina, PhD, Brigham and Women’s 
Hospital, Orthopedic and Arthritis Center for Outcomes Research and Policy 
and Innovation Evaluation in Orthopedic Treatments Center, 75 Francis 
Street, Building for Transformative Medicine, Room 5-016, Boston, MA 
02115. E-mail: elosina@bwh.harvard.edu.

Submitted for publication April 5, 2018; accepted in revised form October 
23, 2018.

https://orcid.org/0000-0001-8229-6674
mailto:elosina@bwh.harvard.edu


SMITH ET AL 1622       |

the daily cost of anticoagulation regimens varies from $1 to $43 
(9–12).

Some research has suggested that longer anticoagula-
tion regimens can substantially reduce the risk of DVT and 
PE (10,13); however, in the absence of definitive recommen-
dations, physicians are left weighing the risks of DVT and PE 
against those of anticoagulation therapy, including hemorrhage 
of gastrointestinal (GI) and central nervous system (CNS) sites, 
as well as a higher likelihood of prosthetic joint infection (PJI) 
(14). Prior cost- effectiveness analyses evaluating anticoagu-
lation therapy after joint arthroplasty have compared only 2 
agents and few studies have considered the duration of ther-
apy (15,16). One analysis evaluating prolonged (42- day) ver-
sus standard (12- day) treatment with enoxaparin in total hip 
arthroplasty (THA) or TKA patients suggested that prolonged 
therapy was cost- effective in THA patients (17). However, this 
study did not account for increased cumulative bleeding risk 
for prolonged therapy, thereby minimizing the potential adverse 
effects of extending the duration of anticoagulation therapy.

Given the lack of guidance regarding the specific agent 
and duration of prophylaxis and the wide range in the cost 
of anticoagulants, we sought to weigh the clinical benefits of 
prolonged (35- day) and standard- duration (14- day) anticoag-
ulation therapy, including reduced likelihood of DVT and PE, 
against the increased risks, including bleeding and PJI, taking 
into consideration the regimen costs, of commonly used post- 
TKA anticoagulants.

MATERIALS AND METHODS

Analytic overview. We conducted a formal cost- 
effectiveness analysis to evaluate 10 plausible clinical strate-
gies: 14- day (standard) and 35- day (prolonged) postoperative 
anticoagulation therapy with rivaroxaban, low molecular weight 

heparin (LMWH), warfarin, fondaparinux, and aspirin in patients 
undergoing TKA. The primary outcomes were quality- adjusted 
life years (QALYs) and costs at 1- year post- TKA. While TKA and 
anticoagulation complications most commonly present within 
the first few postoperative months, the associated decrease in 
quality of life (QoL) can persist for the first postoperative year; 
we therefore chose a 1- year time horizon to capture “important 
differences in consequences, both intended and unintended,” 
as recommended by the Panel of Cost- Effectiveness in Health 
and Medicine (18). We report quality- adjusted life days (QALDs) 
in each health state, which represent the number of days and 
proportion of the first postoperative year spent without compli-
cations and in each complication state. The cost- effectiveness 
of each strategy was expressed in terms of incremental cost- 
effectiveness ratios (ICERs), defined as the increase in cost 
per increase in QALY. We adopted a societal perspective and 
assumed a willingness- to- pay threshold of $100,000/QALY 
(19,20); strategies with ICERs below willingness- to- pay were 
considered cost- effective. Strategies that increased cost while 
reducing QALYs were deemed dominated. Because there is no 
standard of care for post- TKA anticoagulation therapy, we iden-
tified comparator strategies by considering the most commonly 
used clinically relevant DVT chemoprophylactic regimens for 
TKA patients; we therefore conducted cost- effectiveness anal-
yses with 2 strategies as the reference case: standard- duration 
warfarin and LMWH.

Model structure. We constructed a probabilistic, Markov, 
state- transition computer simulation model (TreeAge Pro 2017). 
Following TKA, subjects transitioned between the following major 
health states (Figure 1): proximal DVT, PE, bleeding, PJI, or no 
postoperative complications. We focused on proximal (versus 
distal) DVT, because this type of DVT is more likely to manifest 
clinically (21–24). Each health state is associated with a unique 
health- related QoL and cost. Death can occur at any state. The 
model follows each simulated subject from the time of TKA (model 
entry) to death or the end of the first postoperative year, whichever 
occurs first.

Subjects developing proximal DVT were stratified by symp-
tomatic status (symptomatic or asymptomatic), each carrying a 
risk of propagation to PE. Those who did not progress to PE 
within 30 days were considered resolved and at risk of recurrent 
DVT. Those who developed PE experienced an increased risk of 
death for 30 days following PE diagnosis; subjects who did not 
die from PE entered a post- PE state where they were at risk of 
recurrent DVT.

Major bleeding was categorized as operative-  or nonoperative- 
site bleeding. Operative- site bleeding increased the likelihood of 
PJI, while nonoperative- site bleeding (GI or CNS) increased mor-
tality. We assumed that the increased risks of PJI and death fol-
lowing operative-  and nonoperative- site bleeding persisted for 30 
days.

SIGNIFICANCE & INNOVATIONS
• For all anticoagulants, prolonging the duration of 

postoperative prophylaxis to 35 days increases 
quality-adjusted life years compared to standard 
14-day prophylaxis.

• Prolonged therapy with warfarin and rivaroxaban 
are cost-effective strategies following total knee 
arthroplasty. The cost of fondaparinux and low 
molecular weight heparin precluded their cost- 
effectiveness.

• As prolonged prophylaxis with rivaroxaban and 
warfarin are comparable from a cost-effectiveness 
standpoint, patient preferences regarding the high-
er incidence of bleeding with rivaroxaban versus 
the increased incidence of deep vein thrombosis 
with warfarin can help inform the choice of postop-
erative anticoagulation therapy.
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Input parameters. Transition probabilities. Background 
mortality in each state represented the likelihood of death un-
related to TKA or anticoagulation complications. We derived 
age- stratified background mortality from the Centers for Dis-
ease Control 2013 Life Tables (25). Complications of TKA and 

anticoagulation therapy included proximal DVT, PE, major 
bleeding, and PJI. The likelihood of each complication was de-
pendent on days post- TKA.

The underlying incidence of proximal DVT in the immediate 
postoperative period (days 0–14 post- TKA) was estimated from 
a published medical record review of 517 TKA patients (638 total 
TKAs) with average age 66 years; 78% were female, and the 
majority (85%) were white. Within this study population, indications 
for TKA were primarily degenerative arthritis (73%) and rheuma-
toid arthritis (15%). DVT was established via venography in the first 
postoperative week and was defined as an intraluminal filling defect 
within the calf, popliteal, or thigh veins. Of the 49 patients without 
anticoagulation therapy (62 TKAs), 36 had evidence of thrombosis 
in the calf, and 7 had evidence of thrombosis in the popliteal or 
thigh veins. We defined proximal DVTs as thromboses within the 
popliteal or thigh veins, resulting in 11.29% incidence of proximal 
DVT following TKA without preoperative anticoagulants (3). Evi-
dence suggests that the increased risk of DVT following orthope-
dic surgery is highest in the immediate postoperative period and 
may persist for up to 3 months (13,26). Based on published lit-
erature, we derived a likelihood of DVT in the extended post- TKA 
period (days 15–90) of 6.41% (3,7). At 3 months, we assumed no 
increased risk of DVT as a direct result of TKA and employed age- 
based DVT risks for the remainder of the year (0.25% annually) (27).

Based on published evidence, we estimated 68.75% of prox-
imal DVTs were symptomatic (28). Patients with DVTs were at risk 
of developing PE. Because symptomatic patients are more likely to 
present to care and receive treatment, the likelihood of progression 
to PE from symptomatic DVT is lower than asymptomatic DVT. We 
derived the likelihood of progression to PE from asymptomatic and 
symptomatic DVT as 50% and 6.25%, respectively (21,28).

We incorporated the risk of recurrent DVT for those who 
experienced resolution of the primary DVT or PE. Several patient 
factors are associated with recurrence of DVT (6,24,29–31). 
Postsurgical patients have an increased risk of primary DVT but 
a lower risk of DVT recurrence (hazard ratio 0.36) (30), whereas 

Figure  1. Model structure used to assess anticoagulation 
strategies after total knee arthroplasty (TKA). Following TKA, subjects 
can experience deep vein thrombosis, prosthetic joint infection, 
or bleeding or can proceed with no complications. Those who 
experience a complication and do not die enter a post- complication 
state, which is specific to the complication experienced (post–deep 
vein thrombosis, post–pulmonary embolism, post- bleeding, and 
post–prosthetic joint infection). Subjects are at continued risk of 
deep vein thrombosis in the post- complication state. Death can 
occur at any point.

Table 1. Model input data complication characteristics*

Proximal DVT PE Bleeding PJI
Probability (no prophylaxis), %

Days 1–14 11.29 ± 5.49 
(ref. 3)

– 1.50 ± 0.75 
(ref. 7)

0.43 ± 0.22 
(refs. 35,36)

Days 15+ 6.41 ± 3.26/0.25 ± 0.12 
(refs. 3,7,27)†

– 0.50 ± 0.25 
(ref. 7)

1.06 ± 0.53 
(refs. 35,36)

Cost, $ (refs. 9, 11, 12, 48–50) 9,600 11,000 13,000‡ 48,300
Utility 0.661 

(ref. 41)§
0.499 

(ref. 41)
0.573 

(refs. 44,48)‡
0.44 

(ref. 43)¶
Mortality, % – 3.00/7.70 

(ref. 32)#
9.26 

(ref. 34)‡
RR = 7.20 
(ref. 38)

* All costs are in 2016 US$. DVT = deep vein thrombosis; PE = pulmonary embolism; PJI = prosthetic joint infec-
tion; ref. = reference; RR = risk ratio. 
† Values for days 15–90/days 91+. 
‡ Applied to nonoperative- site bleeding only. 
§ Applied to symptomatic proximal DVT only. 
¶ Applied to acute PJI state; utility of post- PJI = 0.72. 
# Days post- PE diagnosis 1–5/6–30. 
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those patients with primary DVT who progress to PE have a 
nearly 3- fold (6) increased risk of recurrent DVT. Using data from 
Prandoni et  al (30), we derived a 1- year cumulative incidence 
of recurrent DVT among those with resolved primary DVT of 
17.68%. The likelihood of recurrent DVT in those with resolved 
PE was increased by a relative risk (RR) of 2.77 (6).

The likelihood of death from PE was time- dependent, with 
greater risk immediately following diagnosis. Data from Smith et al 
(32) suggest 3.00% in- hospital and 7.70% 30- day mortality risk 
for PE patients receiving early medical intervention. The median 
hospital stay for PE patients was 4.6 days; we therefore applied 
3.00% mortality risk for the first 5 days following PE diagnosis.

The risk of post- TKA bleeding without anticoagulation ther-
apy was derived from ACCP data: 1.50% for early bleeding (0–14 
days) and 0.50% for late bleeding (15+ days) (7). Bleeding was dif-
ferentiated by location (operative or nonoperative site). Based on 

published data, we assumed 68.7% of bleeding would occur at 
the operative site, and the remaining 31.3% at nonoperative sites, 
including GI and CNS (33). Operative- site bleeding increased the 
risk of PJI development (RR 9.8) (14), while nonoperative- site 
bleeding carried a case fatality of 9.26% (34), which was applied 
for 90 days following the hemorrhagic event.

We estimated the annual incidence of PJI from a published 
medical record review of 1,214 primary TKA recipients with 
median age of 72 years. The majority of the patients were female 
(63%), and 59% were considered obese or morbidly obese. A 
total of 92% of patients underwent TKA due to osteoarthritis, 
8% due to rheumatoid arthritis, and 1% due to osteonecrosis or 
trauma. There were 18 prosthetic infections identified within the 
first postoperative year, resulting in 1.48% annual incidence of PJI 
(35). Based on a retrospective review of PJI in post- TKA patients, 
we assumed 28.87% of PJIs would occur in the first 3 months 

Table 2. Model input data treatment characteristics*

Fondaparinux Rivaroxaban LMWH Warfarin Aspirin
Daily cost, $ (refs. 9–12) 43† 8 37† 6/3‡ 1
RR DVT (ref. 39) 0.08 (0.03) 0.12 ± 0.04 0.20 ± 0.07 0.36 ± 0.12 0.62 ± 0.21
RR bleeding (ref. 39) 2.21 (0.74) 2.12 ± 0.71 1.23 ± 0.41 1.21 ± 0.40 1.0 ± 0.15

* All costs are in 2016 US$. LMWH = low molecular weight heparin; refs. = references; RR = risk ratio; DVT 
= deep vein  thrombosis. 
† Includes cost of injection administration ($20). 
‡ Week 1/weeks 2+, includes cost of monitoring. 

Table 3. Base case cost- effectiveness analysis*

Strategy Cost, $ QALY ICER DVT, % Bleeding, %
Warfarin†

Prolonged rivaroxaban 3,279 0.733 Cost saving 18.0 6.0
Prolonged warfarin 3,291 0.732 Cost saving 21.9 4.0
Standard rivaroxaban 3,416 0.732 Cost saving 22.8 5.4
Standard warfarin 3,551 0.732 Reference 25.6 3.9
Prolonged aspirin 3,689 0.731 Dominated 25.7 3.5
Standard aspirin 3,777 0.731 Dominated 28.4 3.4
No prophylaxis 3,869 0.726 Dominated 32.1 3.3
Standard LMWH 3,898 0.732 Dominated 23.9 3.9
Standard fondaparinux 3,932 0.732 $977,100 22.3 5.6
Prolonged LMWH 4,375 0.733 Dominated 19.5 4.1
Prolonged fondaparinux 4,529 0.733 $1,085,600 17.3 6.2

LMWH†
Prolonged rivaroxaban 3,279 0.733 Cost saving 18.0 6.0
Prolonged warfarin 3,291 0.732 Cost saving 21.9 4.0
Standard rivaroxaban 3,416 0.732 Cost saving 22.8 5.4
Standard warfarin 3,551 0.732 Dominated 25.6 3.9
Prolonged aspirin 3,689 0.731 Dominated 25.7 3.5
Standard aspirin 3,777 0.731 Dominated 28.4 3.4
No prophylaxis 3,869 0.726 Dominated 32.1 3.3
Standard LMWH 3,898 0.732 Reference 23.9 3.9
Standard fondaparinux 3,932 0.732 $243,500 22.3 5.6
Prolonged LMWH 4,375 0.733 Dominated 19.5 4.1
Prolonged fondaparinux 4,529 0.733 $1,085,600 17.3 6.2

* A strategy that leads to greater cost without clinical benefit is deemed dominated. Deep 
vein thrombosis (DVT) and bleeding are shown as cumulative incidence. Standard strate-
gies are 14 days, and prolonged strategies are 35 days. QALYs = quality- adjusted life years;  
ICER = incremental cost- effectiveness ratio; LMWH = low molecular weight heparin. 
† Standard- duration standard of care. 
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(36), which led to a cumulative incidence of PJI of 0.43% in the 
first 3 months and 1.06% in the subsequent 9 months post- TKA. 
Mortality was derived using Nosocomial Infection National Sur-
veillance Service, resulting in increased odds of death for patients 
with deep infection compared to no infection post- TKA of 7.2 
(37,38). The increased mortality from PJI was applied for 120 days 
following diagnosis.

Regimen- specific anticoagulation efficacy and toxicity. We 
estimated the QoL from complications using data from the Na-
tional Institute for Health and Clinical Excellence (NICE) guide-
lines on reducing venous thromboembolic events in hospitalized 
patients (39). Using network meta- analysis of anticoagulation 
studies for TKA, NICE derived RRs of DVT and major bleeding 
events (Tables 1 and 2), which were applied for 35 days for pro-

longed and 14 days for standard strategies.
QoL utilities. We assumed a QoL utility of 0.69 in the first 3 

months following TKA for those patients without complications, 
reflecting the pain and functional limitation in the immediate re-
covery period. The utility of the post- TKA state with no compli-
cations was increased to 0.76 after 3 months (40). Symptomatic 
proximal DVT, PE, nonoperative- site bleeding, and PJI carried 
reduced QoL utilities of 0.66, 0.49, 0.57, and 0.44, respectively, 
which were applied for the duration of the complication state 
(described above) (41–44). Those patients with asymptomatic 
proximal DVT or nonoperative- site bleeding, as well as those 

with resolved complications, acquired the same utility as patients 
with no complications. Patients with resolved PJI were assigned 
a lower post- PJI utility (0.72), due to the necessity of revision and 
associated recovery (43).

Costs. Daily costs of anticoagulants were derived by 
 converting average wholesale prices from Red Book Online to 
average sales prices by discounting brand name drugs by 26% 
and generic drugs by 68% (45,46). The resulting average sales 
prices were weighted as 93% generic and 7% brand name, rep-
resenting the proportion of generic versus brand name drugs 
prescribed in the US (47). We included the cost of injection 
administration ($25), estimated from Medicare reimbursement 
schedules, for LMWH and fondaparinux (10). Additionally, the 
cost of monitoring ($20/week), consisting of prothrombin time 
(international normalized ratio), and an established patient visit 
were incorporated into the cost of warfarin treatment (9–12). We 
assumed 2 monitoring sessions within the first week of therapy 
and weekly for all subsequent weeks.

Complication costs were derived from the Healthcare Cost 
and Utilization Project 2014 and inflated to 2016 US$ (9,12,48). 
Because PJI frequently requires revision surgery, the acute cost 
of PJI included the cost of revision TKA, estimated at $25,000 
(9,10,12,48–50). Final costs (2016 US$) were $9,600 for DVT, 
$11,000 for PE, $48,400 for PJI, and $13,000 for nonoperative- 
site bleeding.

Figure 2. The total quality- adjusted life days and proportion of the first postoperative year spent in each health state is depicted for each 
prolonged strategy. QALDs = quality- adjusted life days; PJI = prosthetic joint infection; PE = pulmonary embolism; DVT = deep vein thrombosis, 
LMWH = low molecular weight heparin.
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Sensitivity analyses. We conducted a sensitivity 
analysis removing the cost of administration, to represent 
self- injection, of fondaparinux and LMWH. We performed 
probabilistic sensitivity analyses incorporating the variability 
in efficacy of each anticoagulation agent (QoL with DVT and 
bleeding) and baseline estimates of DVT, bleeding, and PJI 
incidences. Distributions used in probabilistic sensitivity anal-
yses are shown in Supplementary Table 1, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23803/ abstract. Results of probabilistic 
sensitivity analyses are represented by a cost- effectiveness 
acceptability curve, which gives the proportion of 10,000 
iterations for which each strategy was the preferred regimen 
over a range of willingness- to- pay thresholds. We repeated all 
analyses modeling a cohort of obese patients with increased 
baseline risk of DVT; the results of these analyses are shown 
in Supplementary Tables 2a and 2b and Supplementary Figure 
1, available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23803/ abstract.

RESULTS

Aspirin (taken for either 14 or 35 days) was associated with 
the highest projected 1- year cumulative incidence of DVT and PE 

and the fewest bleeding events (Table 3). Prolonged rivaroxaban 
resulted in a 14% absolute reduction in proximal DVTs compared 
to no prophylaxis, and prolonged fondaparinux reduced proximal 
DVT incidence by an additional 1%. Prolonged rivaroxaban and 
fondaparinux led to bleeding rates of 6%. All strategies resulted in 
similar rates of PJI in the year following TKA.

Figure 2 shows the number of QALDs and the proportion of 
the year spent in each health state. All prolonged strategies were 
associated with approximately 267 QALDs at 1 year post- TKA; 
however, the distribution of the number QALDs varied between 
strategies. Prolonged rivaroxaban, fondaparinux, and LMWH 
resulted in an average 215 QALDs (approximately 80%) without 
complications. Prolonged aspirin had the fewest QALDs without 
complications (201) and the largest proportion spent in the DVT 
state (18%). Strategies resulting in the fewest QALDs with DVT 
(prolonged fondaparinux and rivaroxaban) also resulted in the 
highest average QALDs with bleeding.

Prolonged rivaroxaban was the least costly strategy, accu-
mulating $3,280 in 1 year post- TKA (Figure 3 and Table 3). Anti-
coagulation cost was the largest contributor to overall cost for 
prolonged LMWH and fondaparinux, the most costly strategies 
(30% for LMWH, 34% for fondaparinux). In both stan dard and 
prolonged aspirin therapy, the cost of DVT treatment was the 
largest contributor to overall cost (50% for prolonged, 53% for 

Figure 3. The individual components of the annual cost for each prolonged strategy are shown. Anticoagulation includes the cost of the anticoagulant 
and any monitoring (warfarin) or administration (low molecular weight heparin [LMWH] and fondaparinux), as appropriate. The cost of anticoagulation 
in the prolonged aspirin strategy is minimal and not indicated here. PJI = prosthetic joint infection; PE = pulmonary embolism; DVT = deep vein 
thrombosis. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract
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standard). For all prolonged strategies, 1–2% of the cohort expe-
rienced a PJI and 4–6% a bleeding event, leading to an average 
per- person annual cost of $1,000 and $200 on PJI and bleed-
ing, respectively. Extending the duration of therapy saved an 
average of $300, $240, $170, $280, and $320 per person per 
year on DVT treatment for rivaroxaban, warfarin, aspirin, LMWH, 
and fondaparinux strategies, respectively. The cost saved from 
preventing DVT by prolonging therapy exceeded the additional 
cost of anticoagulation therapy for rivaroxaban, warfarin, and 
aspirin, but not for LMWH or fondaparinux.

Table  3 presents the base case cost- effectiveness analy-
sis, comparing standard- duration warfarin and standard- duration 
LMWH as standard of care. All strategies increased QALYs com-
pared to no prophylaxis. Assuming either standard- duration warfa-
rin or LMWH as the standard of care, both durations of fondaparinux 
increased the cost with minimal increases in QALY, leading to ICERs 
more than $200,000/QALY. Prolonged warfarin and both durations 
of rivaroxaban were cost saving in both reference cases. Prolonged 
rivaroxaban was the preferred strategy using either standard- 
duration warfarin or LMWH as the standard of care.

The results of probabilistic sensitivity analyses are shown 
in Figure  4. Across all willingness- to- pay thresholds, prolonged 
warfarin was the cost- effective strategy in approximately 40% of 
iterations. Prolonged rivaroxaban reached maximum likelihood of 
cost- effectiveness (34%) at willingness- to- pay of $150,000/QALY. 
Prolonged aspirin was cost- effective in 15% of iterations across all 
willingness- to- pay thresholds.

DISCUSSION

We built a probabilistic state- transition computer simulation 
model to weigh the benefits, reduction in DVT and PE, against 
the harms, including increased bleeding and PJI, of standard or 
prolonged- duration therapy of 5 commonly prescribed anticoagu-
lants following TKA. Our results show that extending the duration of 
therapy increases QALYs. In the base case, prolonged rivaroxaban 
was the preferred strategy; however, in sensitivity analyses, incor-
porating the uncertainty surrounding the efficacy of each anticoag-
ulant, we found that prolonged rivaroxaban and warfarin were likely 
to be cost- effective in nearly equal proportions. The cost of LMWH 
and fondaparinux prohibited them from being cost- effective.

While minor differences may be seen between overall 
QALYs in the first postoperative year, all prolonged strategies 
increased the number no- complication days in the first postop-
erative year compared to standard- duration therapies, ranging 
from 10 QALDs for rivaroxaban, LMWH, and fondaparinux to 
6 QALDs for aspirin. Additionally, the increase in postoperative 
bleeding events and PJIs was outweighed by the decrease in 
QALDs associated with DVT and PE for all prolonged strategies 
compared to their standard- duration counterparts.

To our knowledge, this is the first cost- effectiveness analysis 
to compare multiple anticoagulants at several durations post- TKA. 
Previous studies of anticoagulation therapy in TKA or THA recip-
ients have focused on comparative analyses of 2 strategies or a 
single agent prescribed at different doses or durations (15,16). A 

Figure  4. Proportion of iterations where a given strategy was the cost- effective option at various willingness- to- pay (WTP) thresholds. 
Strategies with probabilities of cost- effectiveness <5% are not shown. QALY = quality- adjusted life year. Color figure can be viewed in the online 
issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23803/abstract


SMITH ET AL 1628       |

cost- effectiveness analysis by Schousboe and Brown (33) showed 
that, when compared to LMWH, aspirin was the preferred  strategy 
in THA patients but the cost- effectiveness in TKA patients was 
dependent on age and DVT risk, with aspirin assuming a higher 
likelihood of cost- effectiveness in older patients without high DVT 
risk. Another analysis evaluating aspirin and warfarin showed 
that aspirin was the preferred strategy in THA patients of all 
ages, regardless of the rate of venous thromboembolism. In TKA 
patients, warfarin was the preferred strategy in patients with low 
risks of bleeding and a high risk of venous thromboembolism (51). 
The results of the base case analysis presented here contrast with 
those of Tabatabaee et al and Schousboe and Brown, with warfa-
rin and LMWH leading to higher QALYs than aspirin. This difference 
could be explained by our use of a shorter time horizon, emphasiz-
ing the immediate QoL decrements of complications, notably DVT.

Few studies have formally assessed the clinical and economic 
outcomes associated with extending thromboprophylaxis in a TKA 
population. Haentjens et  al (17) evaluated 12- day versus 42- day 
enoxaparin therapy following total joint arthroplasty and reported 
ICERs (2016 US$) of $8,900/QALY for THA and $83,200/QALY for 
TKA for 42- day compared to 12- day therapy. This analysis, however, 
assessed only enoxaparin and did not increase the risk of bleeding 
for extended therapy, potentially limiting the utility of the results.

There are important limitations to our analyses. We used the 
best currently available data to inform model inputs, but data on 
the continued efficacy of anticoagulants in the extended prophy-
lactic period were limited. We based our efficacy estimates on 
network meta- analyses combining trials of both THA and TKA 
patients, which may overestimate the efficacy. Based on network 
meta- analytic results, we assumed that aspirin did not increase 
the risk of bleeding; however, some studies have observed simi-
lar incidence of bleeding between aspirin and LMWH or warfarin. 
We addressed the uncertainty in this parameter in probabilis-
tic sensitivity analyses and found the results robust to plausible 
ranges in bleeding risk while taking aspirin.

In conclusion, we found prolonged therapies to increase 
QALYs compared to standard- duration therapies, supporting 
the extension of anticoagulation therapy post- TKA. Prolonged 
prophylaxis with warfarin and rivaroxaban emerged as cost- 
effective strategies in this setting. Because these 2 agents are 
comparable from a cost- effectiveness standpoint, patient pref-
erences can help inform the choice of the appropriate postoper-
ative anticoagulation strategy.
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Psychometric Evaluation of the National Institutes 
of Health Patient- Reported Outcomes Measurement 
Information System in a Multiracial, Multiethnic  
Systemic Lupus Erythematosus Cohort
Patricia Katz,1 Jinoos Yazdany,1 Laura Trupin,1 Stephanie Rush,1 Charles G. Helmick,2 Louise B. Murphy,2  
Cristina Lanata,1  Lindsey A. Criswell,1 and Maria Dall’Era1

Objective. We examined psychometric performance of Patient- Reported Outcomes Measurement Information Sys-
tem (PROMIS) measures in a racially/ethnically and linguistically diverse cohort with systemic lupus erythematosus (SLE).

Methods. Data were from the California Lupus Epidemiology Study, a multiracial/multiethnic cohort of individuals 
with physician- confirmed SLE. The majority (n = 332) attended in- person research visits that included interviews con-
ducted in English, Spanish, Cantonese, or Mandarin. Up to 12 PROMIS short forms were administered (depending 
on language availability). An additional 99 individuals completed the interview by phone only. Internal consistency 
was examined with Cronbach’s alpha and item- total correlations. Correlations with the Short Form 36 subscales and 
both self- reported and physician- assessed disease activity assessed convergent validity. All analyses were repeated 
within each racial/ethnic group. Differences in scores by race/ethnicity were examined in bivariate analyses and by 
multiple regression analyses controlling for age, sex, disease duration, and disease damage and activity.

Results. The total sample was 30.0% white, 22.3% Hispanic, 10.9% African American, 33.7% Asian, and 3.0% 
other race/ethnicity. Seventy- seven percent of interviews were conducted in- person. Non- English interviews were 
conducted in 26.0% of the Hispanic subjects and 18.6% of the Asian subjects. Each scale demonstrated adequate 
reliability and validity overall and within racial/ethnic groups. Minimal floor effects were observed, but ceiling effects 
were noted. Missing item responses were minimal for most scales, except for items related to work. No differences 
were noted by mode of administration or by language of administration among Hispanics and Asians. After account-
ing for differences in disease status, age, and sex, few differences in mean scores between whites and other racial/
ethnic groups were noted.

Conclusion. PROMIS measures appear reliable and valid in persons with lupus across racial/ethnic groups.

INTRODUCTION

Lupus is a disease with extreme biologic and clinical hetero­
geneity that makes measurement of outcomes challenging in 
clinical research. The complexity of lupus is evident in the clinical 
measures of disease damage and activity, which assess diverse 
manifestations across multiple organ systems. The range and 
complexity of patient­ reported outcomes (PROs) parallel that 
of the clinical outcomes (1). Multiple measures of lupus­ specific 

quality of life have been published (1), but none are routinely used 
in clinical trials, observational studies, or clinical practice. The 
importance of including PROs as end points in clinical trials of 
novel therapies is gaining momentum and is recognized by the 
lupus community and the Food and Drug Administration (2,3). 
However, there is no consensus on which PROs should be used.

The National Institutes of Health Patient­ Reported Outcomes 
Measurement Information System (PROMIS) initiative was under­
taken to improve and standardize measurement of PROs (4). The 
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PROMIS measures reflect the broad view of health proposed by 
the World Health Organization (http://www.who.int/about/ defin 
ition/ en/print.html), covering physical, mental, and social health. 
PROMIS measures were developed using state­ of­ the­ art psy­
chometric techniques and may be administered via computer 
adaptive testing (CAT) or through static short forms that range 
from 4 to 20 items. Item banks and short forms exist for 20+ 
domains that represent a comprehensive model of health and 
health­ related quality of life (HRQoL) that includes physical, social, 
and mental health. This theoretical framework is in accord with 
domains that have been reported to be important and meaning­
ful to individuals with lupus (1,5). Notably, many of these content 
domains are among those of greatest concern to patients with 
lupus (e.g., cognition, sleep) (1,5), yet are not measured in current 
generic HRQoL questionnaires.

To date, only a handful of published reports have exam­
ined the psychometric characteristics of PROMIS measures in 
cohorts of individuals with systemic lupus erythematosus (SLE) 
(6–9). In all 4 of these studies, participants were exclusively 
English­ speaking. In 2 studies, participants were primarily white, 
and in the remaining 2, PROMIS responses by race/ethnicity 
were not examined. In this study, we address this gap in the 
literature by examining the reliability, validity, and usefulness of 
the PROMIS measures in a racially/ethnically and linguistically 
diverse cohort of individuals with SLE.

SUBJECTS AND METHODS

Subjects. Subjects were participants in the California 
Lupus Epidemiology Study (CLUES), a multiracial/multiethnic 
cohort of individuals with physician­ confirmed SLE. Participants 
were recruited from the California Lupus Surveillance Project, a 
population­ based cohort of individuals with SLE living in San Fran­
cisco County from 2007 to 2009 (10). Additional participants who 
resided in the geographic region were recruited through local aca­
demic and community rheumatology clinics and through existing 
local research cohorts.

Study procedures involved an in­ person research clinic visit, 
which included collection and review of medical records prior 
to the visit, a history and physical examination conducted by 
a physician specializing in lupus, collection of biospecimens for 
clinical and research purposes, and completion of a structured 
interview administered by an experienced research assistant. All 
SLE diagnoses were confirmed by study physicians, according 
to any of the following definitions: 1) meeting ≥4 of the 11 Amer­
ican College of Rheumatology (ACR) revised criteria for the clas­
sification of SLE as defined in 1982 and updated in 1997 (11,12), 

SIGNIFICANCE & INNOVATIONS
• The current study shows the first examination of 

Patient-Reported Outcomes Measurement Informa-
tion System short forms across different racial/eth-
nic and language groups in a diverse lupus cohort, 
showing adequate reliability and validity, and mini-
mal floor effects for each of 4 racial/ethnic groups.

• No differences were noted by mode of administra-
tion (in-person versus telephone) or by language 
among Hispanic and Asian participants.

• After controlling for differences in disease status, 
age, and sex, few differences existed between 
whites and other racial/ethnic groups, suggesting 
that differences in scale scores may be primarily 
attributable to differences in disease and demo-
graphics rather than race/ethnicity per se.

Table 1. Patient­ Reported Outcomes Measurement Information System (PROMIS) measures administered in the California 
Lupus Epidemiology Study

PROMIS short form No. items English Spanish Chinese
Physical health

Physical function 10 ✓ ✓ ✓
Pain interference* 4 ✓ ✓ ✓
Fatigue* 4 ✓ ✓ ✓
Sleep disturbance 4 ✓ ✓ ✓
Sleep impairment 8 ✓ ✓

Mental health
Applied cognition, abilities 4 ✓ ✓
Psychosocial illness impact, negative 8† ✓
Psychosocial illness impact, positive 8† ✓

Social health
Ability to participate in social roles and 

activities
4 ✓ ✓

Satisfaction with participation in  
discretionary social activities

7 ✓ ✓

Satisfaction with participation in social roles 7 ✓ ✓
Social isolation 4 ✓ ✓

* In the Chinese version of the PROMIS short form, the number of items for pain interference = 6 and the number of items 
for fatigue = 7. 
† Only 4 items are scored. 

http://www.who.int/about/definition/en/print.html
http://www.who.int/about/definition/en/print.html
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2) meeting 3 of the 11 ACR criteria plus a  rheumatologist’s  
documented diagnosis of SLE, or 3) a confirmed diagnosis of 
lupus nephritis (10). A subgroup of participants was unable to 
attend the in­ person visit. For these individuals, medical records 
were collected and reviewed, and the same structured interview 
was administered by telephone. Diagnoses were confirmed 
through medical record review.

CLUES specifically aimed to include a diverse patient 
sample, with representation from multiple racial/ethnic groups 
speaking multiple languages. Study interviews were conducted 
in English, Spanish, Mandarin, or Cantonese. Data for these 
analyses included a total of 431 individuals, 332 of whom partic­
ipated in an in­ person visit.

Variables. PROMIS. The PROMIS short forms shown in 
Table 1 were administered as part of the structured interviews. 
All scales were scored as recommended and converted to T 
scores, with a mean ± SD population of 50 ± 10, using PROMIS 
scoring documentation (available at http://asses sment center.
net). For all PROMIS scales, higher scores reflect “more” of the 
construct being measured. For example, higher physical func­
tion and satisfaction with social roles scores would reflect better 
functioning and satisfaction, and thus would be considered to 
be better scores; higher fatigue, pain interference, sleep distur­
bance, depression, and anxiety scores would be considered to 
be worse.

As noted above, PROMIS measures can be  administered 
as static short forms or through CAT. CAT is intended to 
administer items that are targeted to the individual respon­
dent, which may lead to greater measurement precision (4). 
However, the PROMIS item banks that support CAT are avail­
able only in English and Spanish, while the short forms are 
available in additional languages, including Mandarin and Can­
tonese. Because we wanted to use the same mode of admin­
istration for all CLUES participants, we chose to administer 
short forms.

Other patient- reported outcomes. Three other instruments 
were used to measure PROs. The Medical Outcomes Study 
Short Form 36 (SF­ 36) is a widely used PRO measure and in­
cludes 8 subscales, including physical function, role physical, 
role emotional, vitality, mental health, social function, and bod­
ily pain (13). Scores for each scale range 0–100, with a mean 
± SD population of 50 ± 10. Higher scores for each scale, ex­
cept bodily pain, reflect better outcomes. SLE  disease activity 
was measured with the Systemic Lupus Activi  ty Questionnaire 
(SLAQ) (14,15), a validated, self­ report mea sure of SLE dis­
ease activity. SLAQ scores range 0–44, with higher scores re­
flecting more disease activity. The SLAQ also includes an item 
for respondents to rate their lupus disease activity over the 
past 3 months (where 0 = no activity and 10 = high activity). 
The Brief Index of Lupus Damage (BILD) was used to estimate 
organ damage (16). The BILD is based on the Systemic Lupus 

International Cooperating Clinics/ACR Damage Index (SDI) 
(17), and consists of 28 items capturing information on 26 SDI 
items, including determinations of important comorbid condi­
tions such as cardiovascular disease and events and diabetes 
mellitus. It has been shown to be predictive of hospitalizations 
and mortality (18).

Physician- reported measures and covariates. The Sys­
temic Lupus Erythematosus Disease Activity Index ( SLEDAI) 
(19) and SDI (17) were completed by study rheumatologists 
during the in­ person study visit. Race, ethnicity, age, age at 
lupus onset, household income, and education level were 
self­ reported. Language was categorized by the language in 
which interviews were conducted (English, Spanish, Manda­
rin, or Cantonese). Current medications were recorded during 
interviews.

Statistical analysis. Descriptive analyses. Descriptive sta­
tistics were calculated for the total sample and for each racial/
ethnic group. Differences in characteristics of groups were 
tested using chi­ square analyses and t­ tests. The percentage of 
respondents with missing items and scale scores was calculated. 
Distributions of PROMIS scores were examined. Because of the 
difference in the direction of scores (i.e., high scores reflected bet­
ter health states for some scales and worse health states for other 
scales), we modified the standard terminology with floor referring 
to the worst score, and ceiling referring to the best. Chi­ square 
analyses and t­ tests were used to compare characteristics and 
PROMIS scores of individuals completing in­ person versus tele­
phone interviews.

Reliability and validity. Internal consistency was assessed by 
examining item­ total correlations and Cronbach’s alpha. Item­ 
total correlations ≥0.4 and α ≥0.80 are considered acceptable 
(20). For assessment of convergent validity, Pearson’s correla­
tion and Spearman’s correlation analyses were used to exam­
ine associations of PROMIS scale scores with PROs for similar 
domains and measures of disease activity and damage. Corre­
lations of 0.3–0.5 were considered low, 0.5–0.7 moderate, and  
≥0.7 high (21).

Psychometric analyses by racial/ethnic group. All descrip­
tive, reliability, and validity analyses were repeated within each 
racial/ethnic group. Within the relevant racial/ethnic group, t­ 
tests compared PROMIS scores of individuals completing inter­
views in English or another language.

Differential scores by race/ethnicity. Differences in 
PROMIS scores by race/ethnicity were examined to determine 
if there appeared to be systematic differences in scores that 
were not attributable to differences in lupus severity, health 
status, or socioeconomic status. Differences in PROMIS 
scores between whites and other racial/ethnic groups were 
examined using multiple linear regression analyses, first with 
no  covariates, and then controlling for age, sex, disease 
 duration, SLEDAI, and SDI to determine if systematic differ­

http://assessmentcenter.net
http://assessmentcenter.net
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ences among the groups remained. Multiple regression analy­
ses were repeated using self­ reported disease activity (SLAQ) 
and damage (BILD) so that telephone­ only participants could 
be included in the analysis. Individuals categorized as other 
race/ethnicity were omitted from the race­  or ethnic­ stratified 
analyses because of the small number (n = 13). All analyses 
were performed with SAS, version 9.4.

RESULTS

Descriptive, total sample. Descriptive characteristics of 
the CLUES sample (n = 431) are shown in Table  2. Approxi­
mately 90% were female, the mean age was 46.6 years, 19.5% 
had household incomes below the poverty level, and 22.1% had 
education at the high school level or lower. Thirty percent were 
white, 22.3% Hispanic, 10.9% African American, 33.7% Asian/
Pacific Islander, and 3.0% other race/ethnicity.

Missing item data were greatest in the satisfaction with 
social roles scale, ranging from 1.1% of items for Hispanic 
Spanish­ speaking respondents to 4.9% for white respondents 
(Table  3). Specific items with the greatest number of miss­
ing values queried were satisfaction with the amount of work 
one could do (9.0% missing), ability to work (6.6% missing), 
and ability to meet the needs of those who depend on the 
respondent (3.8% missing). The item in the ability to partic­
ipate in social roles scale, which deals with work, also had 
a relatively large number of missing responses (5.9%). The 2 
psychosocial impact of illness scales and the social isolation 
scales also had a relatively large number of missing item data, 

ranging from 0.5% to 2.8% of items, although missingness 
was not concentrated on specific items.

Mean scores of all PROMIS measures were within one­ 
half SD of the population mean (50.0) (Table  4). Floor effects 
(worst scores) were minimal, with the largest effect seen for 
fatigue (5.4%). In contrast, more than 20% of the cohort 
scored at the ceiling (best scores) for physical function, posi­
tive psychosocial impact of illness, and all 4 social health  
scales.

Ninety­ nine of the CLUES participants completed the 
PROMIS measures by telephone. The telephone completion 
group was older (mean age of participants via phone of 52 
years versus the mean age of those in­ person of 45 years; 
P < 0.0001), more likely to complete the interview in English 
(95% versus 86%; P = 0.02), and had longer disease dura­
tion (23 years versus 16 years; P < 0.0001) and higher BILD 
scores (2.6 versus 1.9; P = 0.03). There were no other signif­
icant differences between the 2 groups in sex, race/ethnicity, 
education, income, SLAQ, or PROMIS scale scores (data not 
shown).

Reliability and validity, total sample. All item­ total 
correlations were >0.50, except for 3 individual items, which 
were all >0.40 (Table  4). Cronbach’s alpha was acceptable 
across domains: ≥0.80 for all scales except negative psycho­
social impact (α = 0.78) and positive psychosocial impact (α = 
0.79).

PROMIS scores demonstrated moderate to high corre­
lations with SF­ 36 scores that measured similar constructs 

Table 2. Baseline characteristics of the California Lupus Epidemiology Study cohort (n = 431)*

Total White Hispanic African American Asian Other P
Number 431 130 (30.0) 96 (22.3) 47 (10.9) 145 (33.7) 13 (3.0)
In- person interview 332 (77.0) 96 (73.9) 76 (79.2) 36 (76.6) 118 (81.4) 6 (46.2) 0.05
Female 387 (89.8) 116 (89.2) 83 (86.5) 46 (97.9) 129 (89.0) 13 (100) 0.19
Age, mean ± SD years 46.6 ± 14.3 51.4 ± 12.3 42.7 ± 14.1 52.8 ± 14.8 42.7 ± 14.0 48.7 ± 13.3 <0.0001
Below poverty 75 (19.4) 7 (5.7) 25 (29.1) 15 (37.5) 24 (19.1) 4 (36.4) <0.0001
Low education 94 (22.1) 11 (8.6) 29 (30.5) 18 (38.3) 34 (23.6) 2 (16.7) <0.0001
Non- English interview 52 (12.1) 0 25 (26.0) 0 27 (18.6) 0 <0.0001
Disease duration,  

mean ± SD years
17.7 ± 11.1 22.1 ± 10.7 15.0 ± 9.9 18.9 ± 13.1 14.6 ± 9.8 24.3 ± 11.0 <0.0001

Current GC use 210 (48.7) 50 (38.5) 50 (52.1) 26 (55.3) 77 (53.1) 7 (53.9) 0.09
High dose GC use (≥7.5 

mg for ≥ 3 months in 
past year)

95 (22.4) 27 (20.8) 22 (23.2) 10 (21.7) 32 (22.5 34 (3.3) 0.90

Current non- GC 
immunosuppressant

200 (46.4) 39 (30.0) 48 (50.0) 25 (53.2) 84 (57.9) 4 (30.8) <0.0001

SLEDAI (n = 330),  
mean ± SD

3.0 ± 3.1 2.4 ± 3.0 3.6 ± 3.6 2.3 ± 2.0 3.1 ± 2.9 4.2 ± 4.5 0.07

SDI (n = 331), mean ± SD 1.8 ± 2.0 1.9 ± 2.2 1.9 ± 2.0 2.4 ± 2.2 1.6 ± 1.8 2.8 ± 2.4 0.21
BILD, mean ± SD 2.1 ± 2.3 2.1 ± 2.3 2.3 ± 2.6 2.4 ± 2.3 1.8 ± 2.0 3.1 ± 2.0 0.09
SLAQ, mean ± SD 8.8 ± 7.3 9.4 ± 7.5 9.2 ± 7.2 11.3 ± 7.8 7.0 ± 6.6 12.4 ± 8.6 0.0007
SLE activity (0–10 

rating), mean ± SD
3.3 ± 2.7 3.1 ± 2.7 3.7 ± 2.6 4.3 ± 3.0 2.7 ± 2.5 4.5 ± 2.6 0.001

* Values are the number (%) of patients unless indicated otherwise. GC = glucocorticoid; SLEDAI = Systemic Lupus Erythematosus Disease Activity 
Index; SDI = Systemic Lupus International Collaborating Clinics/American College of Rheumatology Damage Index; BILD = Brief Index of Lupus 
Damage; SLAQ = Systemic Lupus Activity Questionnaire; SLE = systemic lupus erythematosus. 
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Table 3. Missing data in PROMIS items and scale scores in CLUES cohort by race/ethnicity*

White 
(n = 130)

Hispanic, 
Spanish 
(n = 25)

Hispanic, 
English 
(n = 71)

African 
American 
(n = 47)

Asian, 
Chinese 
(n = 27)

Asian,  
English 

(n = 118)
Physical health

Physical function (10 items)
Items, no. 1 1 2 0 1 0
Items, % 0.1 0.4 0.3 0 0.4 0
Scale scores, no. 0 0 0 0 0 0

Pain interference (4 items)†
Items, no. 1 1 0 6 5 0
Items, % 0.2 1.0 0 3.2 3.1 0
Scale scores, no. 1 0 0 4 0 0

Fatigue (4 items)†
Items, no. 0 0 0 2 5 4
Items, % 0 0 0 1.1 2.7 0.9
Scale scores, no. 0 0 0 1 0 3

Sleep disturbance (4 items)
Items, no. 1 0 0 0 1 1
Items, % 0.2 0 0 0 0.9 0.2
Scale scores, no. 1 0 0 0 1 1

Sleep impairment (8 items)
Items, no. 2 0 1 3 – 1
Items, % 0.2 0 0.2 0.8 – 0.1
Scale scores, no. 0 0 0 0 – 0

Mental health
Cognitive (4 items)

Items, no. 0 1 0 0 1
Items, % 0 1.0 0 0 – 0.2
Scale scores, no. 0 1 0 0 – 1

Psychosocial impact, neg.  
(4 items scored)

Items, no. 12 – 8 1 – 13
Items, % 2.3 – 2.8 0.5 – 2.8
Scale scores, no. 6 – 5 1 – 8

Psychosocial impact, pos.  
(4 items scored)

Items, no. 13 – 8 3 – 11
Items, % 2.5 – 2.8 1.6 – 2.3
Scale scores, no. 7 – 5 3 – 7

Social health
Ability to participate social 

roles, activities (4 items)
Items, no. 16 0 8 9 – 6
Items, % 3.1 0 2.8 4.8 – 1.2
Scale scores, no. 10 0 5 6 – 6

Satisfaction, discretionary 
social activities (7 items)

Items, no. 16 0 0 9 – 2
Items, % 1.8 0 0 2.7 – 0.2
Scale scores, no. 2 0 0 1 – 0

Satisfaction social roles  
(7 items)

Items, no. 44 2 13 14 – 26
Items, % 4.9 1.1 2.6 4.3 – 3.2
Scale scores, no. 3 1 0 1 – 1

Social isolation (4 items)
Items, no. 9 1 1 0 – 3
Items, % 1.7 1.0 0.4 0 – 0.6
Scale scores, no. 3 1 1 0 – 2

* Other race/ethnicity excluded because of small sample size. The percentage of items missing is calculated as (number of items in scale with 
missing responses) / (number of items in scale × number of respondents). PROMIS = Patient- Reported Outcomes Measurement Information 
System; CLUES = California Lupus Epidemiology Study. 
† In the Chinese version of the PROMIS short form, the number of items for pain interference = 6 and the number of items for fatigue = 7. 
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(Table  5). The highest correlations were noted for the scales 
with the most similar content (i.e., physical function, pain, 
and fatigue). PROMIS scores had moderate correlations with 
patient­ reported disease activity (SLAQ), and low correlations 
with patient­ reported disease damage (BILD) (Table 5). However, 
there were no associations between PROMIS measures and 
physician­ assessed disease activity (SLEDAI), and only minimal 

associations with physician­ assessed disease damage (SDI).

Descriptive, by racial/ethnic group. White participants 
were significantly older, with longer disease duration, and were 
significantly less likely to have below­ poverty incomes or low 
education (Table 2). There were no significant differences among 
groups in the physician­ assessed measures of disease activity 
and damage. In contrast, Asian patients had significantly lower 
scores on the self­ reported disease activity measures. Twenty­ 
six percent of the Hispanic participants and 19% of the Asian 
participants completed the PROMIS measures in Spanish or 
Chinese (Cantonese or Mandarin), respectively. There were no 
significant differences in PROMIS scores by language for these 
2 groups (data not shown). As noted in Table 1, only 10 of 12 
PROMIS mea sures were available in Spanish and only 4 in Chi­
nese languages.

Psychometric analysis, by race/ethnicity. There 
were no appreciable racial/ethnic differences in the percentage 
of scores at the floor (see Supplementary Table 1, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23797/ abstract). However, racial/
ethnic differences were apparent in the percentage of ceiling 

responses, with the most notable pattern being a lower per­
centage of African American patients at the ceiling for a num­
ber of scales. All Cronbach’s α were ≥0.80 when examined by 
racial/ethnic group, except for sleep disturbance (whites, Afri­
can Americans), psychosocial impact of illness negative (His­
panics, African Americans, Asians), and psychosocial impact 
of illness positive (African Americans, Asians); each of these α 
coefficients was ≥0.70. Item­ total correlations were ≥0.50 for 
all groups, with a few exceptions, most notably the physical 
function item regarding limitations in vigorous activity, the sleep 
impairment item regarding feeling alert upon awakening, and 
the psychosocial impact of illness item regarding worry about 
the future.

There were no substantive differences in correlations with 
SF­ 36 scales by race/ethnicity (see Supplementary Table 2, 
available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23797/ abstract). As  
with the total cohort, correlation coefficients of PROMIS 
scores with physician­ assessed disease activity were min­
imal for all groups, and correlations with patient­ reported 
disease activity were generally moderate. Among white par­
ticipants only, correlations with SDI and BILD were significant 
for almost all PROMIS scales, although most correlations 
were small. No consistent patterns of differences among 
racial/ethnic groups were noted (see Supplementary Table 
3, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23797/ abstract).

Differences in scores by race/ethnicity. In bivariate 
analyses, Asians had significantly better scores than whites for 

Table 4. PROMIS scale T­ score characteristics in CLUES cohort*

Mean ± SD At floor (%)† At ceiling (%)‡ Cronbach’s alpha
Physical health

Physical function 47.4 ± 9.9 0.2 20.2 0.94
Pain interference 52.4 ± 10.0 0.5 3.3 0.95
Fatigue 52.5 ± 11.6 5.4 0.5 0.96
Sleep disturbance 52.7 ± 9.1 2.3 3.7 0.80
Sleep impairment 52.9 ± 10.7 0.3 4.5 0.92

Mental health
Cognition, ability 48.7 ± 8.5 2.2 14.7 0.90
Psychosocial illness impact, neg. 52.1 ± 8.2 0.3 12.3 0.78
Psychosocial illness impact, pos. 48.2 ± 9.1 0.6 21.7 0.79

Social health
Ability to participate social roles, 

activities
50.5 ± 10.0 3.2 24.8 0.96

Satisfaction, discretionary social 
activities

52.8 ± 10.0 1.8 20.0 0.95

Satisfaction, social roles 51.1 ± 10.7 2.3 24.1 0.96
Social isolation 46.3 ± 9.4 0.5 27.5 0.90

* For Patient- Reported Outcomes Measurement Information System (PROMIS) scales, higher T scores reflect more 
of the domain being measured (i.e., better physical function, more pain interference). Because the directionality of 
scores is not consistent in terms of best or worst scores, floor and ceiling were defined to have a consistent mean-
ing. All item- total correlations were r > 0.50 except physical function (limitations in vigorous activity [r = 0.48]), sleep 
impairment (“I felt alert when I woke up” [r = 0.39]), and PIN (“I worry about the future” [r = 0.44]). neg. = negative; 
pos. = positive. 
† Floor = worst score. 
‡ Ceiling = best score. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23797/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23797/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23797/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23797/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23797/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23797/abstract
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PROMIS physical function, pain interference, fatigue, ability to 
participate in social roles and activities, satisfaction with discre­
tionary activities, and satisfaction with social roles (Table 6). Afri­
can Americans had significantly worse physical function scores. 
In analyses adjusting for age, sex, disease duration, SLEDAI, 
and SDI, differences between whites and other race/ethnicity 
groups were seen only for fatigue and satisfaction with discre­
tionary activities. Again, Asians had significantly better scores 
than whites for each of these scales (Table 6, Model 1). After 
further adjustment for obesity and smoking, these differences 
remained (Table 6, Model 2). Further adjustment for income did 
not change results substantively (data not shown). In sensitivity 
analyses using patient­ reported disease activity and damage 
instead of SLEDAI and SDI in order to include subjects who 
participated by phone only, similar results were noted (Table 6, 

Model 3). 

DISCUSSION

To our knowledge, this study shows the first examination 
of PROMIS short forms across different racial/ethnic and lan­
guage groups in a diverse lupus cohort. Overall, each of the 

scales demonstrated adequate reliability (internal consistency) 
and validity (correlations with similar measures). Minimal floor 
effects were observed, but ceiling effects were noted, particu­
larly in social health measures, which could limit responsive­
ness to change. Missing item responses and resulting missing 
scale scores were minimal and random for most scales. The 
notable exceptions were the satisfaction with social roles, 
participation in social roles and activities, and the 2 psycho­
social impact of illness scales; for the first 2 of these, items 
dealing with work accounted for the majority of missing item 
responses. It is possible that individuals who were not working 
felt these items were not applicable to them. For the psycho­
social impact of illness scales, there were no clear patterns of 
missing items. Item­ total correlations were lower than optimal 
for a few items, including ability to engage in vigorous physical 
activities, feeling alert upon awakening, and worry about the 
future. The relatively poor performance of these items within 
their respective scales may reflect lupus­ specific biases; i.e., 
the domains addressed by these items may be affected by 
lupus in a manner different than that in the general population. 
Further work is needed to determine the underlying reasons 
for these anomalies and the usefulness of these items among 

Table 5. PROMIS scale correlations with SF­ 36 and measures of disease activity and damage*

PROMIS scales

Patient- reported measures

Physician- 
reported mea-

sures

SF- 36 
PF

SF- 36 
Pain

SF- 36 
Vit

SF- 36 
SF

SF- 36 
RP

SF- 36 
RE

SF- 36 
MH SLAQ†

Lupus 
activity 
(0–10) BILD SLEDAI SDI

Physical health
Physical function 0.94‡ –0.60‡ –0.48‡ –0.38‡ 0.09 –0.32‡
Pain interference –0.79‡ 0.65‡ 0.56‡ 0.28‡ –0.05 0.19§
Fatigue –0.80‡ 0.67‡ 0.56‡ 0.17§ –0.03 0.13
Sleep disturbance –0.55‡ 0.44 0.37‡ 0.08 –0.01 0.01
Sleep impairment –0.78‡ 0.60‡ 0.51‡ 0.16§ –0.03 0.07

Mental health
Cognition, ability 0.41‡ 0.42‡ –0.44‡ –0.35‡ –0.20‡ –0.01 –0.14§
Psychosocial illness 

impact, neg.
–0.43‡ –0.60‡ 0.41‡ 0.34‡ 0.12§ –0.03 0.08

Psychosocial illness 
impact, pos.

0.47‡ 0.53‡ –0.38‡ –0.29‡ –0.15§ –0.01 –0.10

Social health
Ability to participate 

social roles, activities
0.51‡ 0.72‡ –0.59‡ –0.48‡ –0.27‡ 0.05 –0.22§

Satisfaction, discretion-
ary social activities

0.67‡ 0.68‡ –0.58‡ –0.49‡ –0.22‡ 0.01 –0.20§

Satisfaction, social roles 0.66‡ 0.74‡ –0.58‡ –0.48‡ –0.23‡ 0.01 –0.19§
Social isolation –0.53‡ –0.51‡ 0.45‡ 0.34‡ 0.18§ –0.04 0.10

* For Patient- Reported Outcomes Measurement Information System (PROMIS) scales, higher T- scores reflect more of the domain being mea-
sured (i.e., better physical function, more pain interference). Short Form 36 (SF- 36) scales include physical function (PF), pain, vitality (Vit), social 
functioning (SF), role physical (RP), role emotional (RE), and mental health (MH). SLAQ = Systemic Lupus Activity Questionnaire; BILD = Brief Index 
of Lupus Damage; SLEDAI = Systemic Lupus Erythematosus Disease Activity Index; SDI = Systemic Lupus International Collaborating Clinics/
American College of Rheumatology Damage Index; neg. = negative; pos. = positive. 
† From SLAQ, rating of lupus over the past 3 months (range 0–10, where 0 = no activity and 10 = high activity). 
‡ P < 0.0001. 
§ P < 0.05. 
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individuals with lupus, particularly those who may be work­ 
disabled.

All of the PROMIS short forms demonstrated consistent reli­
ability and validity across racial/ethnic groups. We found no dif­
ferences by mode of administration (in­ person versus telephone) 
or by language of administration among the Hispanic and Asian 
participants. Bivariate analyses showed significant differences in 
mean scores by race/ethnicity for more than half of the scales. 
However, after accounting for differences in disease status, age, 
and sex, few differences remained between whites and other 
racial/ethnic groups, suggesting that differences in scale scores 
may be attributable to differences in disease and demographics 
rather than race/ethnicity (per se).

We found that in our population­ based cohort of individu­
als with lupus, scores were generally reflective of better health 
than have been reported in a sample of lupus patients recruited 
from a clinical setting (6). That study also reported fewer ceiling 
effects, possibly due to the shift toward lower mean scores. The 
difference between that study and the data reported here may 
be because individuals are less likely to attend a research visit 
during episodes of poor health or a flare, while clinical visits are 
more likely to occur during those times. However, the study of 
clinic patients also used the CAT versions of the PROMIS scales, 
so it is possible that the CAT version produces greater precision 
of item selection and yields fewer ceiling effects, as has been 
suggested in studies of the PROMIS measures of depressive 
symptoms (22) and physical function (23).

We found no association of PROMIS scores with physician­ 
assessed disease activity and only minimal correlations with 
physician­ assessed disease damage. A similar lack of correla­
tion with the SLEDAI and low correlation with SDI was noted in 
a previous study by Kasturi et al (6). However, the lack of corre­
spondence between physician­ completed and patient­ reported 
measures in lupus has been well­ documented (24), so this find­
ing is not surprising.

Strengths of this study include the diverse cohort, with suf­
ficient sample sizes to examine measures by racial/ethnic group. 
This study included the largest number of PROMIS short forms 
administered in a lupus cohort. In addition, administration in multi­
ple languages and in both in­ person and phone formats permitted 
comparisons of these subgroups. Only 4 other studies have been 
published examining PROMIS scales in lupus. Two examined the 
PROMIS 29­ item profile, which includes 4­ item short forms for 
physical function, fatigue, pain interference, sleep disturbance, 
satisfaction with social role, anxiety, and depression (7,8), in non­
clinical study settings among patients who were primarily white 
and exclusively English­ speaking. The remaining 2 publications 
were based in a clinical setting, with a more diverse, yet exclu­
sively English­ speaking, cohort, but did not examine racial/ethnic 
differences in scale performance (6,9).

Limitations include the underrepresentation of clinically active 
lupus, as noted above. While the cohort was quite diverse, the 

number of non­ English speakers was relatively small. Yet, this is 
the first comparison of PROMIS scores of English and non­ English 
speakers. A limited number of legacy measures was available for 
validity analyses; however the SF­ 36 is the PRO most commonly 
used in lupus studies, including clinical trials. A comparison of 
PROMIS measures with one of the lupus­ specific quality of life 
measures could provide useful information. All questionnaires 
were interviewer­ administered, so results may have been different 
if self­ administered. However, interviewer administration provided 
consistency in mode of administration between the in­ person and 
phone interviews.

PROMIS measures offer several advantages to existing PRO 
measures; in particular the SF­ 36, which is the most commonly 
used PRO in lupus studies. There is evidence that the SF­ 36 does 
not adequately cover the broad range of symptoms and out­
comes important in lupus (5,25). With PROMIS, a broader range 
of domains can be examined, including domains that are relevant 
to SLE and meaningful to patients, such as sleep quality, cogni­
tive abilities, impact of pain, and satisfaction with social roles, with 
a relatively small response burden. Like the SF­ 36, PROMIS short 
forms have been translated and culturally adapted to multiple lan­
guages. PROMIS measures are available in the public domain 
and are free to use in clinical trials as well as in registries, obser­
vational studies, and clinical practice. PROMIS measures have 
also been adapted to use within many existing electronic health 
record systems.

It is yet to be seen if the PROMIS measures are respon­
sive to changes in lupus disease activity or severity. The ceiling 
effects noted in this study may indicate a limitation in responsive­
ness, but such limitations may not exist in a sample of respon­
dents with more active disease. Additional studies are needed 
to determine responsiveness to change and minimal clinically 
important differences in lupus.

In summary, these results add to the growing evidence sup­
porting PROMIS measures as reliable and valid in lupus. This 
study adds information regarding the performance of PROMIS 
measures in lupus across racial/ethnic groups, which is particu­
larly important given the high burden of disease among racial/
ethnic minorities. Differences that we observed between racial/
ethnic groups appeared to be primarily due to differences in the 
groups’ clinical or sociodemographic characteristics rather than 
differential scale performance. Overall, the PROMIS measures 
appear to be well­ suited to use in lupus and may be particularly 
useful as outcome measures in clinical trials of targeted thera­
pies and longitudinal studies.
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Metabolic and Structural Skeletal Muscle Health in 
Systemic Lupus Erythematosus–Related Fatigue: 
A Multimodal Magnetic Resonance Imaging Study
Sai Man Cheung,1 Karen Keenan,1 Nicholas Senn,1 Gayle Hutcheon,2 Kwokshing Chan,1 Lars Erwig,3 
Andrew Schrepf,4 Paula Dospinescu,2 Stuart Gray,5 Gordon Waiter,1 Jiabao He,1 and Neil Basu5

Objective. To investigate the potential structural and metabolic role of skeletal muscle in systemic lupus erythe-
matosus (SLE)–related fatigue.

Methods. A case–control, multimodal magnetic resonance imaging (MRI) study was conducted. Cases were pa-
tients with inactive SLE who reported chronic fatigue. Controls were age- and sex- matched healthy members of the 
general population. Patients were clinically characterized and then underwent a 3T whole- body MRI scan. Resting 
and dynamic 31P MRI spectroscopy of the calf muscles was applied, from which phosphocreatine (PCr) recovery 
halftime, a marker of mitochondrial dysfunction, was computed. In addition, microstructural sequences (T1- weighted 
anatomic images, T2 mapping, and diffusion tensor imaging) were acquired. Descriptive statistics evaluated group 
differences and within- case physical fatigue correlations were explored.

Results. Of the 37 recruits (mean age 43.8 years, 89.2% female), cases (n = 19) reported higher levels of physical 
fatigue, pain, depression, and sleep disturbance compared to the control group (P < 0.0001). PCr was greater (P = 
0.045) among cases (mean ± SD 33.0 ± 9.0 seconds) compared to controls (mean ± SD 27.1 ± 6.6 seconds). No 
microstructural group differences were observed. Within cases, physical fatigue did not correlate with PCr (r = –0.28, 
P = 0.25).

Conclusion. We report preliminary data demonstrating greater skeletal muscle mitochondrial dysfunction among 
fatigued patients with SLE compared to healthy controls.

INTRODUCTION

Patients with systemic lupus erythematosus (SLE) con-
sider fatigue to be one of the most pervasive and disabling 
aspects of their disease. As many as 85% of patients report 
significant levels of fatigue (1), a prevalence greater than that 
observed in the general population and among patients with 
more common inflammatory rheumatic disorders (2). More-
over, the impact of fatigue permeates all aspects of life, as 
reflected by its strong associations with impaired quality of 
life (3) and work disability (4). Despite these significant conse-
quences, little is understood about this symptom. The major 
challenge in clinical practice is to deliver therapeutic options to 
those patients whose disease is otherwise in remission and for 
whom no other reversible causes are apparent (5).

Patients describe multiple dimensions of fatigue, and there-
fore its etiology is likely to be complex. The predominance of both 
physical and mental fatigue (6) alludes to a mixture of peripheral 
and central mechanisms. In terms of investigating the former, skel-
etal muscle dysfunction has previously been associated with SLE- 
related fatigue (7), although no studies have investigated whether 
this observation is underpinned by pathologic abnormalities within 
the muscles themselves.

Developments in magnetic resonance imaging (MRI) technol-
ogy offer a noninvasive opportunity to comprehensively quantify 
skeletal muscle pathology at both metabolic and structural levels. 
For example, 31P MRI spectroscopy (MRS) allows for the direct 
measurement of altered metabolic activity, such as levels of phos-
phocreatine (PCr), in vivo during physical activity, and MRS has 
previously signaled dysfunction in the muscles of chronic fatigue 
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syndrome (CFS) populations (8). In contrast to CFS, there is some 
histologic evidence that at least selected patients with SLE exhibit 
structural abnormalities in their skeletal muscle (9). Novel methods, 
such as diffusion tensor imaging (DTI), are sensitive to pathologic 
abnormalities associated with overall cell geometry and edema 
(10,11). In addition to high- resolution MRI for the quantification of 
muscle volume, T2 mapping highlights edema, while Dixon MRI 
allows quantitative measurement of fat infiltration. To our knowl-
edge, no study has yet to contemporaneously use these meth-
odologic advances to investigate SLE. We aimed to investigate 
the differences between the metabolic and structural features of 
skeletal muscle among patients with SLE with idiopathic fatigue 
and healthy controls using multimodal MRI muscle imaging.

PATIENTS AND METHODS

A case–control study was conducted. Subjects were invited 
to undertake a multimodal MRI scan of their calf muscles along-
side the collection of clinical data. The East Midlands–Leicester 
Research Ethics Committee (ref: 15/EM/0418) approved the 
study, and written informed consent was obtained from patients 
according to the Declaration of Helsinki.

Patients. Cases were patients with SLE, classified accord-
ing to the 1997 American College of Rheumatology criteria (12), 
attending secondary care clinics in NHS Grampian. To be eligi-
ble, patients were required to report chronic (>3 months), clinically 
important fatigue (defined as a score of >3 on the Chalder  Fatigue 
Scale [binary scoring]) (13), experience reduced muscle strength 
(item 6 of the Chalder Fatigue Scale), and have inactive SLE, 
defined as a British Isles Lupus Assessment Group 2004 score 
of 0 (excluding the fatigue constitutional domain) (14). In addition, 
patients were excluded if they had any past history of clinically 
diagnosed myositis or alternative medical explanations for their 
fatigue (symptomatic cardiorespiratory disease, a history of can-
cer in the previous 5 years, unstable thyroid disease, moderate- 
to- severe chronic kidney disease, moderate- to- severe anemia, a 
beta- blocker prescription, or fibromyalgia).

Controls, recruited by local advertising, were healthy (no 
relevant past medical history) subjects who did not report clin-
ically important fatigue (Chalder Fatigue Scale ≤3) or reduced 
muscle strength (item 6 of the Chalder Fatigue Scale). They were 
approximately matched to cases by age and sex. In order to off-

set potential confounding due to deconditioning, controls were 
additionally required to be sedentary, defined as those having a 
desk job and undertaking <3 hours of physical activity per week 
(8). Any potential case or control with a contraindication to MRI 
(e.g., pacemaker in situ) was excluded.

Clinical characterization. Eligible cases underwent 
a clinical evaluation that included an assessment of disease 
damage (according to Systemic Lupus International Collab-
orating Clinics [SLICC] criteria) (15), previous organ involve-
ment, and disease duration. Erythrocyte sedimentation rate, 
serum creatinine, and creatine kinase were measured in both 
cases and controls. All subjects completed a self- reported 
questionnaire that included the following validated measures 
and known confounders of fatigue: 1) the Chalder Fatigue 
Scale is one of the most commonly employed measures of 
fatigue and has been found to be both feasible and accept-
able in SLE (16); of the 11 questions, 7 specifically exam-
ine physical fatigue and are scored on a Likert scale (range 
0–21), with high scores indicating high levels of physical 
fatigue; 2) the Hospital Anxiety and Depression Scale is a 
validated 14- item tool for assessing anxiety and depression 
in patients with SLE and in the general population (17); this 
scale also employs a Likert- style scoring system (range 0–21 
for each domain); 3) pain severity was measured using a 
0–10 numerical rating scale; and 4) Jenkin’s Sleep Scale is 
known to perform well in both nonclinical and clinical popula-
tions, succinctly quantifying key sleep dysfunction domains, 
i.e., difficulties in sleep onset and maintenance, early waken-
ing, and nonrestorative sleep; the domain scores are totaled 
(range 0–20), with higher scores indicating greater sleep dis-
turbance (18).

Finally, both cases and controls underwent the Siconolfi 
Step Test. This measure of aerobic fitness (a putative confounder) 
has been validated in patients with SLE (19). It involved patients 
stepping up and down from a 10- inch bench for 3 minutes at a 
rate of 17 steps per minute (guided by a metronome). Heart rate 
was monitored and the protocol stopped if 65% of the predicted 
heart rate (220 minus age) was exceeded. If not reached, then a 
second stage (26 steps per minute) and a third stage (34 steps 
per minute) were performed, with 1-minute rest between stages. 
Maximal oxygen uptake was then estimated using the formulas 
described by Siconolfi et al (20).

MRI acquisition. Images were acquired on a 3T whole- 
body MRI scanner (Achieva TX, Philips Healthcare) using the 
body coil for transmission and an 8- channel knee coil as the 
receiver. In 1 patient with SLE and 2 healthy controls, the diam-
eter of the lower leg was too large for the knee coil, and for 
these participants a 2- channel flex- M receiver coil was used. The 
imaging volume was centered at the thickest part of the right 
calf, with the subject in supine position.

SIGNIFICANCE & INNOVATIONS
• Systemic lupus erythematosus (SLE)–related fa-

tigue does not appear to be implicated with abnor-
mal skeletal muscle microstructure.

• Patients with SLE exhibit higher levels of skeletal 
muscle mitochondrial dysfunction.
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T1- weighted anatomic images were acquired using a 
standard sequence with repetition time (TR) of 2,700 msec, 
echo time (TE) of 55 msec, field of view (FOV) of 160 × 160 
mm2, matrix size of 160 × 160, and 48 slices of 1.5- mm 
thickness. T2 mapping was performed using a gradient and 
spin- echo sequence with TR of 3,137 msec, and with 12 
equally spaced echoes from TE of 10–120 msec (21,22). DTI 
was acquired using a single- shot pulsed gradient spin- echo 
sequence with TR/TE of 2,000/53 msec (11,23), 32 diffusion 
directions, diffusion weighting of 400 seconds/mm2, and 2 
averages (24). Fat mapping was performed using a multislice 
multi- echo spoiled gradient- echo sequence, with TR of 20 
msec, 16 equally spaced echoes from TE of 1.14 to 18.24 
msec, and 3° flip angle (25,26). For T2 mapping, DTI, and fat 
mapping, the imaging volume was set to FOV of 192 × 192 
mm2, and 12 transverse slices of 6- mm thickness. The matrix 
size was set to 128 × 128 for T2 and fat mapping, and 64 × 64 
for DTI, to ensure adequate signal- to- noise ratio (24).

31P- MRS scans were acquired from a 14- cm diameter  
31P coil positioned underneath the thickest part of the calf, using a 
1- D image- selected in vivo spectroscopy sequence with the detec-
tion slab covering the posterior portion of the calf (27). Dynamic 
spectra were acquired with TR of 5 seconds and 108 dynamics (28), 
while the subject concurrently performed a plantar flexion exercise 
protocol at 20% maximal voluntary contraction in synchrony to an 
audio metronome prompt at 35 beats per minute. Isometric max-
imal voluntary contraction of the right calf with 90° plantar ankle 
flexion for each subject was measured (KinCom 500H dynamom-
eter). Measurements at 2- minute intervals were performed until the 
difference between the last 2 measures was >5% of their average; 
normally 3–4 repetitions were performed. The highest of the last 

2 measures was taken as the maximal voluntary contraction (29). 
The exercise paradigm contained a 2- minute baseline followed by 
2 8- minute cycles, where each cycle was composed of 3 minutes 
of exercise before a 5- minute recovery period.

Image analysis. The 31P spectra were processed in 
jMRUI software, version 3.0 (30), and PCr halftime was com-
puted from the PCr time course in the postexercise recovery 
period as an indicator of muscle energetics (31). DTI analy-
sis was performed in FSL software FMRIB, to derive metrics 
maps of mean diffusion (MD), radial diffusivity (RD), and frac-
tional anisotropy (FA) (23) as indicators of muscle integrity (24). 
In 5 subjects, images affected by motion artefact, resulting 
in failure of the motion correction algorithm, were identified 
and removed before the calculation of diffusion metrics. T2 
maps were computed using in- house software in MATLAB 
(MathWorks), following standard procedures (21). Fat fraction 
maps, as the ratio between fat and the sum of fat and water 
images, were computed using the ISMRM Fat- Water Tool-
box in MATLAB (32). Fat and water were separated using a 
multistep fitting approach (33), incorporating a multifrequency 
fat- spectrum model (34,35). To avoid confounding factors, 
patients with nonadherence to the exercise protocol were 
excluded from the PCr halftime analysis; patients using the 
flex- M coil or showing severe image artefact were excluded 

from corresponding image analysis (Table 1).
Regions of interest were manually drawn by a single oper-

ator in MRIcron on the central 10 slices of the image acquired 
at a TE of 10 msec from T2 mapping, to delineate soleus and 
exclude subcutaneous fat or blood vessels. The binary masks 
were subsequently applied on maps of T2, MD, FA, RD, and fat 

Table 1. Magnetic resonance imaging results*

Result SLE Healthy controls t- test score† P
Metabolism‡

PCr halftime, seconds 33.0 ± 9.0 27.1 ± 6.6 2.087 0.045§
End- exercise pH 7.00 ± 0.01 7.01 ± 0.01 0.704 0.488
Muscle integrity¶
MD (×10–3 mm2 seconds−1) 1.57 ± 0.07 1.54 ± 0.12 0.850 0.401
RD (×10–3 mm2 seconds−1) 1.39 ± 0.07 1.38 ± 0.11 0.597 0.554
FA 0.21 ± 0.02 0.21 ± 0.02 1.212 0.234

Muscle condition#
T2, msec 33.2 ± 1.5 32.6 ± 1.1 1.355 0.185
Fat infiltration**
Fat fraction, % 3.69 ± 1.27 3.90 ± 1.81 –0.381 0.706

Size, CSA cm2 21.8 ± 3.7 22.6 ± 5.4 –0.497 0.623
* Values are the mean ± SD unless indicated otherwise. SLE = systemic lupus erythematosus; PCr =  
phosphocreatine; MD = mean diffusivity; RD = radial diffusivity; FA = fractional anisotropy; CSA = 
cross- sectional area. 
† Independent sample. 
‡ One case and 1 control not analyzed due to exercise nonadherence. Two cases and 1 control not 
analyzed due to an artifact in the recovery curve. 
§ Statistically significant. 
¶ One control not analyzed due to image artifact. 
# Two cases and 2 controls not analyzed due to image artifacts. 
** One case and 2 controls not analyzed due to flex- M coil use. One case not analyzed due to image 
artifact. 
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fraction to generate the average value. Muscle volumes of soleus 
were also quantified as the cross- sectional area on the central 
slice of the T1- weighted anatomic image (36). Eighteen subjects 
per group sufficiently afforded >80% power to detect an effect 
size of 0.85, with a measurement error of 30% at an alpha of 
0.05 (as measured by PCr recovery halftime).

Statistical analysis. Clinical parameters were expressed 
using simple descriptive statistics with case–control compari-
sons made using chi- square tests for categorical variables and 
t- tests for continuous variables. To investigate the role of skeletal 
muscle energetics in SLE, the case–control comparison of PCr 
halftime was performed using a t- test. To examine the role of 
muscle microstructure integrity and muscle volume in SLE, the 
case–control comparison of MD, FA, RD, T2, and fat fraction, as 
well as the cross- sectional area, was performed using t- tests. 
Within- case Pearson correlations were conducted using STATA 
software, version 12.1, to further investigate any identified group 
differences. Due to the small sample size, these analyses were 
considered exploratory.

RESULTS

Among the 37 recruited subjects (mean age 43.8 years, 
89.2% female), cases (n = 19) reported significantly higher levels 
of physical fatigue, pain, depression, anxiety, and sleep distur-
bance compared to the control group, although the groups were 
comparable in terms of demographic and physiologic parame-

ters (Table 2).
Overall, cases had mild SLE; only 1 patient had a history of 

renal involvement, and the mean ± SD SLICC score was 0.11 
± 0.3. The majority of patients experienced  musculoskeletal 

(n  = 17) and/or cutaneous (n = 12) involvement. The most 
commonly prescribed immunosuppressant treatment was 
hydroxychloroquine (n = 15), followed by methotrexate (n = 8). 
Other SLE- specific treatment at the time of the study included 
azathioprine (n = 2), mycophenolate mofetil (n = 3), and ritux-
imab (n = 3). Only 3 patients were receiving long- term pred-
nisolone (5–8 mg/day).

MRI analysis. In assessment of calf muscle metabolic 
function, there was a difference (P = 0.045) in the PCr halftime 
recovery between patients with SLE (mean ± SD 33.0 ± 9.0 sec-
onds) and healthy controls (mean ± SD 27.1 ± 6.6 seconds). 
There were no significant differences in MD, RD, or FA from DTI 
between patients with SLE and controls (Table 1). Additionally, 
there were no significant differences in T2 (P = 0.185) or fat frac-
tion (P = 0.706) between patients with SLE (mean ± SD T2 33.2 ± 
1.5 msec; fat fraction 3.69 ± 1.27%) and controls (mean ± SD T2 
32.6 ± 1.1 msec; fat fraction 3.90 ± 1.81%) or in muscle cross- 
sectional areas (P = 0.623) (mean ± SD SLE 21.8 ± 3.7 cm2; 
controls 22.6 ± 5.4 cm2). The MRI data from a healthy  control are 
shown in Figure 1. There were no significant correlations identi-
fied between PCr halftime and levels of physical fatigue (r = –0.28 
[95% confidence interval (95% CI) –0.60, 0.13], P = 0.25), or 
mental fatigue (r = 0.2 [95% CI –0.2, –0.54], P = 0.41).

DISCUSSION

To the best of our knowledge, this is the first study of a rheu-
matic disease to investigate the relationship between skeletal 
muscle and fatigue employing multimodal MRI. Among fatigued 
patients with SLE, calf muscle PCr recovery halftime was sig-
nificantly prolonged compared to nonfatigued healthy controls. 

Table 2. Baseline characteristics*

Characteristic
Cases 

(n = 19)
Controls 
(n = 18) P†

Demographics
Age, years 44.8 ± 14.43 42.8 ± 13.6 0.67
Female, no. 17 16 0.95‡

Symptoms
Physical fatigue (CFS) 14.7 ± 3.6 6.9 ± 0.6 <0.0001
Anxiety (HADS) 9.3 ± 4.2 4.3 ± 2.4 0.0001
Depression (HADS) 6.7 ± 3.4 1.6 ± 1.7 <0.0001
Pain (NRS; range 0–10) 3.5 ± 2.3 0.3 ± 0.8 <0.0001
Sleep disturbance (JSS) 12.7 ± 5.3 4.8 ± 5.3 <0.0001

Physiologic measures
Vo2 max (ml/kg/minute)§ 28.0 ± 4.4 28.4 ± 6.0 0.78
ESR (mm/hour) 18.7 ± 14.2 13.6 ± 10.4 0.28
Hemoglobin (gram/liter) 132.6 ± 11.2 131.1 ± 6.9 0.67
Creatinine (μmoles/liter) 69.7 ± 24.0 64.2 ± 13.7 0.39
Creatinine kinase (U/liter) 89.4 ± 34.2 113.8 ± 71.3 0.20

* Values are the mean ± SD unless indicated otherwise. CFS = Chalder Fatigue Scale 
(physical domain); HADS = Hospital Anxiety and Depression Scale; NRS = numeric 
rating scale; JSS = Jenkin’s Sleep Scale; ESR = erythrocyte sedimentation rate. 
† Derived from t- tests unless indicated otherwise. 
‡ Derived from chi- square test. 
§ Derived from Siconolfi Step Test. 
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These differences do not appear to 0be related to physical 
fatigue. Further, no differences in skeletal muscle microstructure 
were observed between cases and controls. Taken together, 
skeletal muscle does not appear to serve as a major factor in 
SLE- related fatigue.

PCr recovery halftime reflects the muscle oxidative capac-
ity and is used as a marker of muscle mitochondrial function 
(37). In SLE there is accumulating evidence to support the 
presence of mitochondrial abnormalities in peripheral blood 
cells. For example, Gergely et  al observed hyperpolarized 
mitochondria in T cells that resulted in greater ATP depletion, 
oxidative stress, and ultimately cell death (38). We now pro-
vide supporting data that mitochondrial dysfunction might 
also exist within the skeletal muscle of patients with SLE. The 
same marker has previously been related to fatigue in SLE 
(39), although our exploratory analysis suggests that pathways 
other than skeletal muscle mitochondrial dysfunction may be 
involved in the generation of this symptom.

Microstructural MRI of skeletal muscles has been applied 
in only a few clinical populations and, to our knowledge, never 
in the investigation of fatigue. DTI has evidenced changes of 
muscle integrity in athletes following marathon runs, where stan-
dard sequences have failed to detect macroscopic differences 
(40). Furthermore, this method can distinguish disease activity 
in inflammatory muscle diseases with greater sensitivity than 
standard imaging (41). Among neuromuscular conditions, where 
existing clinical tests are inadequate to assess disease progres-
sion, the quantification of structural parameters such as muscle 

volumes and fat infiltration are providing superior biomarkers 
for clinical trials and practice (42). Such studies are similar in 
size to the present investigation, and so the absence of differ-
ences between our cases and controls in any of the sensitive 
microstructural metrics contradicts the hypothesis that physi-
cal fatigue is related to structural abnormalities in SLE skeletal 
 muscle.

If not skeletal muscles, what then are the main explana-
tions of physical fatigue among patients with SLE? A recent 
study of fatigue in another multisystem autoimmune disorder 
(antineutrophil cytoplasmic antibody–associated vasculitis) 
failed to detect a significant relationship between physical 
fatigue and skeletal muscle mass (measured using dual- energy 
x- ray absorptiometry) or function. Compared to healthy con-
trols, fatigued cases evidenced reduced voluntary activation of 
skeletal muscle and reduced maximal voluntary contraction of 
skeletal muscle, and they had higher levels of perceived exer-
tion, a finding that significantly correlated with physical fatigue 
(43). Together, these observations pointed toward centrally 
rather than peripherally driven mechanisms.

The novel application of cutting-edge MRI methods 
combined with a comprehensive approach to phenotyping 
are strengths of this study, but a number of limitations must 
also be considered. First, the highly selective eligibility cri-
ter ia  (purposely planned to enhance homogeneity by exclud-
ing known fatigue mechanisms) has resulted in a sample with 
generally mild disease. The results are therefore not general-
izable to the wider disease spectrum. For example, patients 

Figure 1. Magnetic resonance imaging data from a healthy control. A, Baseline 31P spectrum; B, Dynamics of phosphocreatine (PCr) during 
the recovery period; C, Transverse relaxation from a single voxel within soleus muscle, shown together with fitted curve; D, Calculated transverse 
relaxation time map; E, Fat fraction map; and F, mean diffusivity map. TE = echo time; ms = milliseconds.
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with a  history of myositis (prevalent in 4–16% of SLE cases 
[44]) were excluded. Data from this study cannot be used to 
inform the usefulness of these methodologies in the evaluation 
of such manifestations (a distinct research question). Second, 
we recognize that patients with SLE without fatigue would 
have served as a more precise control group. That said, given 
the pervasiveness of fatigue in this disease, recruiting such 
patients would have been logistically challenging. Regardless, 
the absence of differences even with a healthy control group 
(as observed with almost all of the MRI metrics) indicates that 
these methodologies are unlikely to identify a clinically relevant 
fatigue- specific signal. Uncertainty also exists regarding the 
clinical relevance of the statistically significant PCr measure, 
since the 6- second difference in recovery halftime is lower in 
magnitude compared to other 31P studies (for example, mean 
± SD 18.7 ± 0.9 seconds in healthy controls versus 27.3 ± 
3.5 seconds in patients with diabetes mellitus [45], or mean 
± SD 35.0 ± 3.0 seconds in healthy controls versus 45.0 ± 
4.0 seconds in patients with chronic obstructive pulmonary 
disease [46]). Third, although the sample size is equivalent to 
other MRI muscle studies, which have detected significant 
changes in other populations, we cannot be certain that larger 
sample sizes will not identify a significant effect. In particular, 
fully powered analyses of within- case correlational analysis 
might uncover relationships between PCr and SLE fatigue. We 
suspect, however, that in the absence of even a trend, any 
associations are unlikely to be major contributors to our under-
standing of physical fatigue.

This study provides evidence of feasibility for the use of mul-
timodal MRI muscle assessment in patients with SLE. From this 
data, the investigation of physical fatigue would seem to be bet-
ter served by examining alternatives to skeletal muscle–based 
pathways. Learning from other chronic diseases, the investiga-
tion of central mechanisms using advanced MRI brain techniques 
appears to offer greater potential (47). Such approaches have 
been limited in SLE and should be encouraged in an effort to 
 better understand this considerable patient challenge.
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Objective. Systemic lupus erythematosus (SLE) predominantly affects women. Clinical phenotype and outcomes in SLE may vary 
by sex and are further complicated by unique concerns that are dependent upon sex- defined roles. We aimed to describe sex differ-
ences in disease- specific quality of life (QoL) assessment scores using the Lupus Patient- Reported Outcome (LupusPRO) tool in a large 
international study.

Methods. Cross- sectional data from 1,803 patients with SLE on demographics, self- identified sex status, LupusPRO, and  disease 
activity were analyzed. The LupusPRO tool has 2 constructs: health- related QoL (HRQoL) and non- HRQoL. Disease activity and 
damage were evaluated using the Safety of Estrogens in Lupus Erythematosus National Assessment version of the Systemic Lupus 
Erythematosus Disease Activity Index and the Systemic Lupus International Collaborating Clinics/American College of Rheumatology 
Damage Index, respectively. Nonparametric tests were used to compare QoL and disease activity by sex.

Results. A total of 122 men and 1,681 women with SLE participated. The mean age was similar by sex, but the damage scores 
were greater among men. Men fared worse on the non- HRQoL social support domain than women (P = 0.02). When comparing disease 
and QoL among men and women ages ≤45 years, men were found to have greater damage and worse social support than women. 
However, women fared significantly worse on lupus symptoms, cognition, and procreation domains with trends for worse functioning 
on physical health and pain- vitality domains.

Conclusion. In the largest study of a diverse group of SLE patients, utilizing a disease- specific QoL tool, sex differences in QoL 
were observed on both HRQoL and non- HRQoL constructs. Although men performed worse in the social support domain, women 
 (especially those in the reproductive age group) fared worse in other domains. These observations may assist physicians in  appropriately 
addressing QoL issues in a sex- focused manner.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune 
disease that predominantly affects young women. Quality of life 
(QoL) and health- related quality of life (HRQoL) among patients 
with SLE are poor (1–6). Among men with SLE, a higher propor-
tion are white and a higher prevalence of serositis and nephritis 
has been shown. Additionally, earlier and greater damage accrual 

along with higher mortality has been demonstrated in men (7,8). 
There are only a few studies that have focused on SLE in men 
(7–11). QoL in men with SLE has not been previously studied, 
although a worse QoL among men with SLE could be expected, 
based on earlier and greater disease damage accrual (7–11).

Furthermore, QoL is known to vary by age and sex among 
healthy populations (12,13) and in diseases other than SLE 
 (14–16). Sex- based life roles may also differentially impact QoL, 
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especially because SLE predominately affects a younger age 
group and women. Some roles in lives vary by sex, especially 
in the context of age. Financial and physical independence, al-
though relevant to all ages and both sexes, may be of greater 
relevance among middle- aged and older individuals than young-
er persons. However, completion of education, entrance into the 
job market, dating, and marriage are relatively more important 
milestones for younger individuals of either sex than older indi-
viduals. Although procreation and parenting are important roles 
for either sex, the role of childbearing may be more relevant 
among women in the reproductive age group (ages ≤45 years). 
Hence, it is plausible that overall QoL and specific domains of 
QoL that are affected may differ by sex and age in patients with 
SLE, especially in the younger and reproductive age groups.

We undertook this study to compare the QoL (overall and 
domains) among men and women with SLE, in order to better 
understand the sex differences in their QoL, especially in the re-
productive age group. Information generated may help inform 
development of personalized and targeted care strategies.

PATIENTS AND METHODS

The study was approved by the institutional review board 
at all participating sites. The Study of Outcomes in Lupus data 
repository includes data obtained from SLE patients enrolled 
from various sites within the US, Canada, Asia, and Europe for 
validation of the LupusPRO tool. All patients met the American 
College of Rheumatology (ACR) classification criteria for SLE 
(17). Demographic data (age, sex, ethnicity), and QoL data were 
available for all patients. A subset of patients had data available 
on disease activity and disease damage. Disease activity was 
measured using the Safety of Estrogens in Lupus Erythematosus 
National Assessment (SELENA) version of the Systemic Lupus 
Erythematosus Disease Activity Index (SLEDAI) (18). The latter 
index includes a physician’s global assessment, which  ranges 
from 0 to 3. Disease damage was assessed using the System-

ic Lupus International Collaborating Clinics/ACR Damage Index 
(SDI) (19). Higher scores for the SELENA- SLEDAI and SDI repre-
sent greater disease activity and disease damage, respectively.

QoL was measured using the LupusPRO tool (20), which 
has been validated in several languages (21–27) and shows 
measurement equivalence (21–28). The LupusPRO tool has 
response options on a 1–5 point Likert scale, where 0 = none 
of the time, 1 = a little of the time, 2 = some of the time, 
3 = most of the time, 4 = all of the time, 5 = not applica-
ble (recoded as 0 for scoring). LupusPRO has 2 constructs 
(HRQoL and non- HRQoL) and 12 domains (8 HRQoL domains 
and 4 non- HRQoL domains). The HRQoL domains are lupus 
symptoms, cognition, lupus medications, procreation, phys-
ical health, pain- vitality, emotional health, and body image. 
The non- HRQoL domains are desires- goals, social support, 
coping, and satisfaction with treatment. Item scores are to-
taled for each domain item and the mean domain score is 
obtained by dividing the total score by the number of items in 
that domain. The mean raw domain score is transformed to 
scores ranging from 0 (worst QoL) to 100 (best QoL) by divid-
ing by 4 (the number of responses on a 1–5 point Likert scale 
[5 responses] minus 1) and then multiplying by 100, as shown 
(mean raw domain score/4) × 100 = transformed score for the 
domain. Transformed domain scores are obtainable when at 
least 50% of the items are answered. Total HRQoL and non- 
HRQoL scores are obtained by averaging the transformed do-
main scores within each construct.

All analyses were performed using IBM SPSS software, 
edition 19. Descriptive summary statistics were obtained for the 
2 study groups (men and women). Chi- square test and Mann- 
Whitney U test were used to compare discrete and continuous 
variables, respectively, among the 2 sex groups, because most 
of the data were not normative in distribution. When data were 
distributed normatively, Student’s t- test was used.

For the reproductive age group subanalysis, patients ages 
≤45 years were selected and matched for age. Similar compar-
ative analyses were undertaken as for the whole group. For all 
tests, a 2- sided P value less than or equal to 0.05 was consid-
ered significant.

RESULTS

A total of 1,803 patients with SLE (mean ± SD age 40.8 
± 13.1 years) participated in the study (Table 1). Of these, 122 
patients (6.7%) were men. Racial composition of the study par-
ticipants was as follows: 8% African American, 37% White, 14% 
Hispanic, 40% Asian, and 1% other. The mean ± SD physician 
global assessment and SELENA- SLEDAI scores were 0.6 ± 0.7 
and 3.4 ± 4.0, respectively. The mean ± SD SDI score was 0.9 ± 
1.5. QoL descriptions for the entire group are shown in Table 1. 
The domains most affected were cognition, pain- vitality, emo-

tional health, desires- goals, and coping.

SIGNIFICANCE & INNOVATIONS
• Quality of life concerns in patients with systemic lu-

pus erythematosus (SLE) can be different based on 
sex and age. These concerns have never previously 
been systematically studied.

• Awareness of sex-pertinent quality of life concerns 
among patients with SLE can assist physicians in 
providing personalized care.

• This study utilized disease-specific, patient report-
ed outcomes to delineate sex-specific quality of life 
concerns in an ethnically heterogeneous, interna-
tional, large group of patients with SLE.
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There were no differences by age, ethnicity (not shown), 
or disease activity between men and women (Table 2). Disease 
damage tended to be greater in men than women (median inter-
quartile range [IQR] 1.0–2.0 versus 0.0–1.0; P = 0.03). Among 
men, the domains with median scores ≤65 were lupus medi-
cations, emotional health, social support, and coping. Among 
women, the domains with median scores ≤65 were cognition, 
pain- vitality, and emotional health (Table  2). In the social sup-
port domain, men had worse median scores as compared to 
women (median 62.5 [IQR 37.5] versus median 75.0 [IQR 50.0]; 
P = 0.02). There were trends noted with worse performance 
among women in lupus symptoms (median 75.0 [IQR 33.3] ver-

sus median 83.3 [IQR 33.3]; P = 0.06). Trends were also noted 
for worse functioning among women in the cognition, physical 
health, and pain- vitality domains (Table 2). Comparison of QoL 

by sex is shown in  Figure 1.
When men were age- matched and compared to women 

in the reproductive age group, greater damage was again not-
ed among men, with a median of 1.0 (IQR 2) as compared to 
women who had a median of 0.0 (IQR 1) (P < 0.001). Wom-
en scored significantly lower than men in the lupus symptoms, 
cognition, and procreation domains (Table 3), with trends to-
ward lower scores in the physical health and pain- vitality do-
mains. For men, the domains with median scores ≤65 were the 
lupus medications, emotional health, coping, and social sup-
port domains (Table 3) and among women, the domains with 
median scores ≤65 were cognition, pain- vitality, and emotional 

health.

Table 1. Characteristics and demographics of study group*

Variable Value

Age, mean ± SD years 40.8 ± 13.1
Ethnicity, %

African American 8.00
Caucasian 37.00
Hispanic 14.00
Asian 40.00
Other 1.00

Disease features
PhGA 0.6 ± 0.7
SELENA- SLEDAI (n = 920) 3.4 ± 4.0
SDI (n = 1,247) 0.9 ± 1.5
SFI- Yes, % 25

LupusPRO HRQoL
Lupus symptoms 70.3 ± 24.9
Cognition 63.8 ± 28.9
Lupus medications 68.3 ± 29.5
Procreation 77.9 ± 32.0
Physical health 76.7 ± 27.0
Pain- vitality 63.3 ± 27.8
Emotional health 58.3 ± 27.8
Body image 71.0 ± 29.1

LupusPRO non–HRQoL
Desires- goals 65.6 ± 28.6
Social support 66.0 ± 31.4
Coping 65.5 ± 26.0
Satisfaction with treatment 66.5 ± 32.6

* Values are the mean ± SD unless indicated otherwise. PhGA =  
physician’s global assessment; SELENA- SLEDAI = Safety of  Estrogens 
in Lupus Erythematosus National Assessment version of the System-
ic Lupus Erythematosus Disease Activity Index; SDI = Systemic Lupus 
International Collaborating Clinics/American  College of Rheumatol-
ogy Damage Index; SFI = SELENA- SLEDAI flare index; LupusPRO =  
Lupus Patient- Reported Outcome tool; HRQoL = health- related qual-
ity of life; non– HRQol = non-  health–related quality of life.  

Table 2. Comparisons between men and women with SLE*

Men 
(n = 122)

Women 
(n = 1,681) P

Age, mean ± SD 
years

39.5 ± 14.1 40.9 ± 13.0 0.70

PhGA, median, IQR 
(no.)

1.0, 1.2 (55) 0.4, 0.9 (865) 0.15

SELENA- SLEDAI,  
median, IQR (no.)

2.0, 4.0 
(77)

2.0, 4.0 
(1,163)

0.83

SDI, median, IQR 
(no.)

1.0, 2.0 
(72)†

0.0, 1.0 
(1,175)†

0.03†

LupusPRO- RQoL, 
median, IQR
Lupus symptoms 83.3, 33.3 75.0, 33.3 0.06
Cognition 75.0, 37.5 62.5, 37.5 0.14
Lupus medications 62.5, 50.0 75.0, 50.0 0.22
Procreation 100, 25.0 100, 37.5 0.08
Physical health 90.0, 25.0 85.0, 40.0 0.18
Pain- vitality 75.0, 45.0 65.0, 50.0 0.12
Emotional health 58.3, 45.8 58.3, 45.8 0.66
Body image 80.0, 40.0 80.0, 50.0 0.49

LupusPRO  non–
HRQoL, median, 
IQR
Desires- goals 68.8, 46.9 68.8, 50.0 0.87
Social support 62.5, 37.5† 75.0, 50.0† 0.02†
Coping 58.3, 33.3 66.7, 33.3 0.40
Satisfaction with 
treatment

75.0, 56.3 75.0, 56.3 0.24

* SLE = systemic lupus erythematosus. See Table 1 for other defi-
nitions. 
† Values are statistically significant (P ≤0.05). 
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DISCUSSION

There are sex- specific QoL issues in SLE, and it is im-
portant for physicians, and health care systems to be aware 
of such issues while providing individualized medical care to 
patients with SLE. We found poor social support to be a key 
QoL issue among men with SLE, irrespective of their age. 
This may be plausible theoretically, because SLE is tradition-
ally known to be a “woman’s disease,” due to its 9:1 preva-
lence ratio of women to men. Men may not feel comfortable 
discussing their illness or matters related to SLE with their 
social support circle. It is possible that there are sex- based 
differences in both the receiver and provider of social sup-
port. Men with SLE may not be similar to women in their 
ability regarding communicating their need for support or 
reaching out for social support as readily or effectively, or 
in receiving the help. It is well known that men and women 
differ on a wide variety of behavioral, cognitive, and affec-
tive dimensions (29). Men may perceive the need for social 
support and/or emotional fragility as indicative of weakness 
or hypomasculinity, due to their traditional social role of be-
ing the provider or protector (30). One of the features of the 
male sex role in society is defined by strength and it includes 
emotional toughness, courage, self- reliance, and rationality 
(30). Any deviation from this expected role may subject men 
to harassment and discrimination.

Women, however, are more likely to seek out social support 
(31–34), possibly due to the paucity of sex- appropriate information-
al resources that are available for men with SLE because the dis-
ease is more common among women. Social support is important 
in SLE, and its relationship with health in SLE is recognized (35,36).

In women with SLE, the main QoL issues that differed from 
those in men were related to procreation, especially among the 
younger patients. This is plausible because the stereotypical 

roles assigned by society are still somewhat sex centric (37). 
The woman’s role has traditionally included childbearing/rearing, 
and care of the family members and home (37). Thus, ongoing 
or new lupus symptoms, unpredictable disease flares, and ef-
fects on cognition may interfere with planning, scheduling, or 
participating in these “role performance” functions. This may ex-
plain the poorer QoL among women as compared to men (ages 
≤45 years) in the lupus symptoms, cognition, and procreation 
domains. Notably, the emotional health domain was the most 
adversely affected in both sexes.

In our study, disease damage was greater among men as 
compared to women overall and those in the reproductive age 
group. Hypothetically, this finding could be attributable to dis-
ease duration and age. On further analysis (not shown) male sex 

Table 3. Comparisons between men and women ages ≤45 years 
with SLE*

Men 
(n = 117)†

Women 
(n = 1,080)† P

Age, mean ± SD 
years

38.2 ± 12.9 32.9 ± 7.2 0.09

PhGA, median, 
IQR (no.)

1.0, 1.2 (54) 0.4, 0.8 (552) 0.60

SELENA- SLEDAI, 
median, IQR 
(no.)

2.0, 4.0 (73) 2.0, 5.0 (747) 0.9

SDI, median, IQR 
(no.)

1.0, 2.0 (70)‡ 0.0, 1.0 (747)‡ <0.001‡

LupusPRO- 
HRQoL, median, 
IQR
Lupus symp-
toms

83.3, 33.3‡ 75.0, 41.7‡ 0.01‡

Cognition 75.0, 37.5‡ 62.5, 50.0‡ 0.04‡
Lupus medica-
tions

62.5, 50.0 75.0, 50.0 0.64

Procreation 100, 25.0‡ 75.0, 50.0‡ 0.008‡
Physical health 90.0, 25.0 85.0, 45.0 0.10
Pain- vitality 75.0, 45.0 65.0, 45.0 0.08
Emotional 
health

58.3, 45.8 58.3, 45.8 0.93

Body image 75.0, 40.0 75.0, 50.0 0.59
LupusPRO 
non–HRQoL, 
median, IQR
Desires- goals 68.8, 46.9 68.8, 43.8 0.42
Social support 62.5, 37.5‡ 75.0, 50.0‡ 0.01‡
Coping 58.3, 31.3 66.7, 33.3 0.47
Satisfaction with 
treatment

75.0, 56.3 75.0, 50.0 0.3

* See Table 1 for definitions. 
† Correction added after online publication 19 November 2019: 
Patients’ ages and sample sizes have been corrected, respectively, 
in the title and column headings of Table 3. 
‡ Values are statistically significant. 

Figure  1. Quality of life spydergram for men and women with 
systemic lupus erythematosus.
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 remained an independent predictor of greater damage overall 
and in the reproductive age group, even after accounting for age 
and disease duration. Greater damage among men as compared 
to women with SLE has been previously demonstrated (7–11).

The findings revealed in our study have great potential appli-
cation and relevance to clinical practice. Addressing procreation 
concerns among women of reproductive age and social support 
among men, in addition to an overall evaluation of QoL (especially 
emotional health in both sexs) is important in SLE. Discussing the 
side effects of medications among women with SLE within the re-
productive age group (especially effects on procreation) may help 
allay some concerns and anxiety. In addition, physicians need to 
be comfortable asking for patients’ immediate, intermediate, and 
long- term procreation plans and, accordingly, offer an individual-
ized management plan for SLE that includes indications, relative 
benefits, dangers, and alternatives to various treatment options.

There are several limitations to our study. Given the relative 
rarity of SLE among men, we included only 122 men. The only 
other study of SLE to contain a comparison of QoL by sex in 
its analysis included 54 men and 54 women (38). Macêdo et al 
used the Short Form 36 tool for HRQoL and reported better func-
tioning on vitality and mental health domains among men with 
SLE as compared to women with SLE. Another limitation was 
the lack of availability of complete data from all patients on dis-
ease activity and damage. These data were, however, available 
on nearly 1,250 patients, 25% of whom had an ongoing flare at 
the time of the study. In addition, 40% of our participants were 
Asian, and only 8% were African American, which may affect the 
generalizibility of the results. Lastly, we did not have any data on 
fibromyalgia. Because QoL is affected by fibromyalgia, and up to 
 one- third of patients with SLE may have concomitant fibromy-
algia, it would have been of interest to adjust for this covariate 
when comparing QoL domains between sexes. Despite these 
limitations, this study addresses HRQoL in men with SLE, an area 
which, to our knowledge, has not been previously addressed.

The strengths of our study include large numbers of partici-
pants from various geographic and racial backgrounds. Another 
advantage is the use of a disease- targeted QoL tool that includes 
a non- HRQoL construct and allows for comparisons, because the 
domains utilized in our study are not routinely represented in ge-
neric and other disease- targeted tools. Some of the domains that 
did show sex differences in QoL in SLE are not included in generic 
QoL instruments nor in some of the other disease- specific HRQoL 
tools. These unique domains include lupus symptoms, cognition, 
lupus medications, procreation, and social support. Furthermore, 
because the LupusPRO tool was developed using feedback from 
both men and women with SLE, and uses sex- neutral language, 
it was possible to administer the tool to patients of either sex and 
assess all SLE- related pertinent aspects of their QoL.

In summary, we found sex differences in damage and QoL 
among patients with SLE. These were especially evident in the 
reproductive age groups and may be partly attributable to tradi-

tional sex roles. A focused evaluation and discussion of effects 
of SLE on patient QoL should also include sex- specific QoL con-
cerns, and these should be considered when developing patient 
management plans.
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Prevalence and Factors Associated With Bone Erosion in 
Patients With Gout
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Objective. To determine the prevalence, distribution, and factors associated with bone erosion detectable by 
ultrasound in patients with gout.

Methods. Ultrasound scans were performed in 980 patients with gout, and bone erosion was detected. The 
prevalence and distribution of bone erosion in gout patients were calculated. Both clinical variables and ultrasound 
signs were entered into a multivariate logistic regression analysis to clarify the factors associated with bone erosion 
in patients with gout.

Results. Bone erosion was found in 431 (44.0%) of the 980 patients with gout, and in 338 (78.4%) of these pa-
tients, the bone erosion was found in the first metatarsophalangeal (MTP) joint. A multivariable logistic regression 
analysis showed that age, duration of gout, the existence of tophi, ultrasound- detected synovial hypertrophy, and 
joint effusion were independently associated with bone erosion. A tophus was the most powerful factor associated 
with bone erosion, with an odds ratio (OR) of 4.218 (95% confidence interval 3.092–5.731). The risk for bone erosion 
also increased as the number of tophi increased (P < 0.001). However, after stratifying the size of tophi, the ORs did 
not increase significantly (P = 0.206).

Conclusion. A high percentage of gout patients had bone erosions; the first MTP joint was the most frequently 
involved site. Age, duration of gout, tophi, and synovial hypertrophy were factors associated with bone erosion in 
gout patients. The number of tophi, but not their size, was strongly associated with bone erosion in patients with gout.

INTRODUCTION

Gout is one of the most common arthropathies, and epidemio-
logic data suggest that its incidence is increasing (1,2). Aggregates of 
monosodium urate monohydrate (MSU) crystals deposited around 
and in the joints and soft tissues cause bone erosion in patients with 
chronic gout (3). The presence of bone erosion is a central feature 
of the anatomic damage and is associated with disease severity 
and poor functional outcome, such as joint damage and deformity 
and, eventually, musculoskeletal disability (3,4). Evidence of bone 
erosions and visible tophaceous deposits are included in the current 
indications for considering hypouricemic therapy to ultimately pre-
vent gout flares, ongoing joint destruction, and urate nephropathy 
(5). Thus, early and accurate detection of erosion is important for 
diagnosis, treatment, and monitoring of gout.

Few studies have focused on bone erosion in patients with 
gout. In a study by McQueen et al (6), 40 patients with gout of the 
wrist were imaged using magnetic resonance imaging (MRI). The 

study demonstrated that tophi were associated with bone erosion. In 
another study, plain radiographs and dual energy computed tomog-
raphy (CT) scans of the feet were prospectively obtained from 92 
people with tophaceous gout (7). The results showed that urate and 
soft tissue components of the tophus are strongly and independently 
associated with bone erosion in patients with gout. The sample sizes 
of these studies were quite small, so further clinical studies in a larger 
cohort of patients are warranted to confirm these findings and to 
explore the prevalence and distribution of bone erosion in patients 
with gout. Furthermore, a cross- sectional study compared differ-
ences in the characteristics of bone erosion in 40 patients with rheu-
matoid arthritis (RA) and 40 with gout by gray-scale ultrasound (8).

It is now widely accepted that ultrasound is a useful, reliable, 
and reproducible imaging technique compared with other imaging 
techniques for detecting bone erosion, with the added advantage 
of being an innocuous and low- cost technique (9,10). Ultrasonog-
raphy may have greater sensitivity for detecting complications 
of the disease, such as subclinical bone erosion and tophus 
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 formation (11). A recent analysis of the first metatarsophalangeal 
(MTP) joint showed poor agreement between plain radiography 
and ultrasonography regarding the presence of bone erosion, as 
less than half of the erosions found by ultrasonography were vis-
ible by plain radiography. These findings have been replicated by 
other groups (12,13). The European League Against Rheumatism 
task force published its recommendations for the use of imaging 
of the joints in the clinical management of RA and gout, and the 
recommendations state that ultrasound is very helpful for identi-
fying synovitis and bone erosions and, thus, for making accurate 
diagnoses, predicting outcomes and responses to treatment, and 
monitoring disease progression (14).

Therefore, the aim of this study was to measure the preva-
lence and distribution of bone erosion in patients with gout using 
ultrasound and to identify factors associated with bone erosion in 
gout patients.

PATIENTS AND METHODS

Data source and study design. A retrospective cohort 
study design was used to conduct data analysis for calculating 
prevalence of bone erosion and detecting factors associated with 
bone erosion in patients with gout. All patients were recruited from 
the outpatient clinic of Endocrinology in Shanghai Jiao Tong Uni-
versity Affiliated Sixth People’s Hospital (Shanghai, China) from 
April 2015 to September 2017. Inclusion criteria were a history 
of gout based on the 2015 American College of Rheumatology/
European League Against Rheumatism diagnostic criteria to 
undergo imaging investigations (15). This study was approved by 
the Ethics Committee of Shanghai Jiao Tong University Affiliated 
Sixth People’s Hospital, and informed consent was obtained from 
all participants.

Clinical and laboratory assessments. Every patient 
had completed a uniform questionnaire at enrollment, including 
age, sex, disease duration, co- morbidities, medications, current 
and previous illnesses, flare frequency, and pain score. The clin-
ical data of the subjects were recorded, including height, weight, 
waist circumference, hip circumference, systolic blood pressure, 

and diastolic blood pressure. The body mass index was calculated 
as weight (kg)/height (m2). Venous blood samples were collected 
in the morning after an overnight fast to measure blood routine, 
alanine aminotransferase, blood urea nitrogen (BUN), cystatin C, 
urate, creatinine, C- reactive protein, erythrocyte sedimentation 
rate, blood glucose, glycosylated hemoglobin, and lipid profiles. 
Participants were asked to provide 24- hour urine samples to 
detect urinary uric acid, creatinine, and protein. The estimated 
glomerular filtration rate (GFR) was calculated from the 4- variable 
modification of diet in renal disease equation: estimated GFR (ml/
min/1.73 m2) = 186.3 × (serum creatinine [μmol/liter]/88.4) – 1.154 
× (age [years]) – 0.203 × (0.742 if female) × (1.21 if black). Fractional 
excretion of uric acid (%) = (serum creatinine [μmol/liter] × 24- hour 
urine uric acid [μmol])/(serum uric acid [μmol/liter] × 24- hour urine 
creatinine [μmol]) × 100%. All subjects underwent standard clinical 
and laboratory evaluations.

Ultrasound scanning technique. The ultrasound exam-
inations were performed by 3 experienced sonographers using 
Aplio 500 (Toshiba), which was equipped with a multifrequency 
linear transducer (12–14 MHz). On each scanner, the factory set-
ting for superficial musculoskeletal assessment was used. Bilat-
eral knee, ankle, foot joints as well as the first to fifth MTP joints 
and were routinely scanned. The dorsal, volar, and lateral aspects 
of all anatomical sites were explored on both longitudinal and 
transverse views. All joint regions were sonographically examined 
in a standardized manner.

Ultrasound image interpretation. Erosion was defined 
as an intraarticular and/or extraarticular discontinuity of the bone 
surface that was visible in 2 perpendicular planes in gout (16). 
Clearly visible erosions in both longitudinal and transverse scans 
were considered for the study. Vascular bone channels were 
distinguished from bone erosion on the basis of anatomic loca-
tion, insertion of feeding vessels detected by power Doppler, and 
absence of adjacent synovial lesion. Tophi around the joints were 
identified by ultrasound, and the sizes of tophi were measured. 
Double contour sign, articular synovial hypertrophy, and joint effu-
sion were also assessed at the scanned joints.

Statistical analysis. Characteristics were reported as 
the mean ± SD for normal distributed variables, median (25th, 
75th percentiles) for non- normal quantitative variables, or 
number with corresponding percentage. Student’s t- test was 
used to compare means for normally distributed variables, and 
the chi- square test was used to compare frequencies. Vari-
ables that were significantly different between the non–bone 
erosion group and the bone erosion group were defined as 
candidate factors for logistic regression analysis. A multivar-
iable logistic regression model using the forward stepwise 
likelihood ratio method was fitted with candidate factors, with 
entry  probability of 0.05 and removal of 0.10. Odds ratio (OR) 

SIGNIFICANCE & INNOVATIONS
• Bone erosions were detected in 44% of 980 gout 

patients, with 78.4% of defects occurring at the first 
metatarsophalangeal joints.

• Bone erosion was independently associated with 
age, duration of gout, the existence of tophi, ultra-
sound-detected synovial hypertrophy, and joint ef-
fusion.

• The number of tophi, but not their size, was strong-
ly associated with bone erosion in patients with 
gout.
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and 95%  confidence intervals were calculated for a multivar-
iate logistic model. The Hosmer- Lemeshow test was used to 
investigate how close the prevalence that was predicted by 
the multivariate model was to the observed prevalence. Then 
all the factors that were entered into the logistic model were 
categorized to compare the relative risks for bone erosion. The 
number and size were 2 variables on behalf of tophi; thus, the 
number of tophi and the size of tophi were categorized and 
replaced the existence of tophi in logistic regression analysis. 
All tests were 2- tailed, and P values less than 0.05 were con-
sidered statistically significant. Statistical analyses were per-
formed using the SPSS software package, version 21.0.

RESULTS

Bone erosion prevalence and distribution. In total, 
980 patients with gout were studied; 92.9% were male (924 
patients), with a mean age of 50.3 years. Evidence of bone erosion 

on  ultrasound was found in 431 of the 980 (44%) patients. First, 
bone erosions were classified according to the bones involved. 
Of the 431 patients who had bone erosion on ultrasound, 338 
(78.4%) had bone erosions in the first MTP joint, 19 (4.4%) in other 
MTP joints, 106 (24.6%) in ankle joints, 38 (8.8%) in knee joints, 
16 (3.7%) in tarsal joints, and 17 (3.9%) in the calcaneus. Next, 
we calculated the number of bone erosions in each patient and 
found that 222 of 431 (51.5%) had a single bone erosion site, 138 
(32.0%) had 2 erosions, 29 (6.7%) had 3 bone erosions, and 42 
(9.7%) had ≥4 bone erosions. In those patients with bone erosion 
disease in the first MTP joint, 242 of 338 had lesions only in the 
MTP joints, and the other 97 had bone erosions in the MTP and 
other joints.

Comparison of clinical characteristics between 
patients with and without bone erosion. As shown in 
Table 1, the patients with bone erosion were significantly older 
(47.0 years versus 54.6 years; P < 0.001) and more hyperten-

Table  1. Comparison of clinical characteristics between bone erosion patients and non–bone 
erosion patients*

Variable
Non–bone erosion 

(n = 549)
Bone erosion 

(n = 431) P 
Men, no. 518 406 0.521
Age, year 47.0 ± 16.2 54.6 ± 14.7 <0.001
BMI, kg/m2 26.2 ± 3.5 26.0 ± 3.9 0.310
Waist hip ratio 0.93 ± 0.06 0.94 ± 0.06 0.172
Systolic BP, mmHg 125.9 ± 17.3 129.7 ± 18.8 0.001
Diastolic BP, mmHg 82.4 ± 11,4 84.1 ± 12.1 0.031
Hemoglobin, gm/liter 148.7 ± 13.8 144.6 ± 15.7 <0.001
ALT, units/liter 39.1 ± 32.5 32.5 ± 29.1 0.002
BUN, mmol/liter 4.75 ± 1.50 5.33 ± 2.21 <0.001
Serum creatine, umol/liter 90.1 ± 31.8 96.7 ± 31.9 0.003
Cystatin C, mg/liter 0.99 ± 0.33 1.15 ± 0.50 <0.001
Urinary microalbumin, mg/24 hour 29.8 ± 108.0 61.7 ± 210.6 0.018
FPG, mmol/liter 5.66 ± 0.93 5.95 ± 1.29 0.001
Glycosylated hemoglobin, % 5.64 ± 0.86 5.87 ± 1.02 0.003
ESR, mm/hour 14.5 ± 15.8 19.7 ± 20.2 <0.001
CRP, mg/liter 8.01 ± 19.0 10.4 ± 23.3 0.252
Estimated GFR, ml/min/1.73 m2 135.4 ± 66.3 139.6 ± 64.5 0.336
Current smoker, % 31.4 32.4 0.781
Current drinker, % 38.2 35.1 0.314
Serum UA, umol/liter 499.2 ± 128.0 498.9 ± 127.0 0.969
Fraction excretion of UA, % 4.59 ± 2.54 5.01 ± 2.38 0.033
Duration of gout, years 5.2 ± 5.4 9.2 ± 7.6 <0.001
Family history of gout, % 32.7 35.7 0.433
Gout attack in the past year, no. 4.2 ± 7.5 9.0 ± 13.7 <0.001
Urate- lowering therapy, %

Allopurinol 7.8 11.8 0.035
Febuxostat 5.5 7.2 0.288
Benzobromarone 14.9 19.0 0.089

Anodyne treatment, %
NSAIDs 30.4 35.5 0.092
Colchicine 27.1 26.5 0.809
Glucocorticoids 2.7 2.8 0.961

* Values are the mean ± SD (continuous variables of normal distribution) unless indicated otherwise. 
Proportions were expressed as percentages. BMI = body mass index; BP = blood pressure; ALT = ala-
nine aminotransferase; BUN = blood urea nitrogen; FPG = fasting plasma glucose; ESR = erythrocyte 
sedimentation rate; CRP = C- reactive protein; GFR = glomerular filtration rate; UA = uric acid; NSAIDs = 
nonsteroidal antiinflammatory drugs. 
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sive, and they had worse kidney function (higher serum BUN, 
creatinine, cystatin C, and uric microalbumin), worse glycemic 
control (higher fasting blood glucose and HbA1c), faster eryth-
rocyte sedimentation rate, longer disease duration (5.2 years 
versus 9.2 years; P < 0.001), and more frequent gout attacks 
(4.2 versus 9.0; P < 0.001) than those without bone erosions. 
However, no significant difference was observed in the serum 
uric acid levels between the bone erosion and non–bone erosion 
groups of patients (499.2 μmol/liter versus 498.9 μmol/liter; P = 

0.969).

Comparison of ultrasound findings between 
patients with and without bone erosion. Next, we 
compared the differences in the ultrasound findings between 
patients with and those without bone erosion. As shown in 
Table  2, the proportion of patients with the double contour 
sign was 57.6% (316 of 549) in the non–bone erosion group 
and 73.5% (317 of 431) in the bone erosion group (P < 0.001). 
The proportion of patients with joint effusion in the non–bone 
erosion group was 78.7% (432 of 549), whereas the pro-
portion was 53.1% (229 of 431) in the bone erosion group  
(P < 0.001). The proportion of articular synovial hypertrophy in 
the non–bone erosion group was 48.3% (265 of 549), whereas 
it was 59.4% (256 of 431) in the bone erosion group (P = 
0.001). A total of 138 of 549 patients (25.1%) in the non–bone 
erosion group had ultrasound- detected tophi, whereas 269 
of the 431 patients in the bone erosion group (62.4%) had 
ultrasound- detected tophi (P < 0.001). Of the 431 patients 
with bone erosions, 238 had adjacent tophi, and another 31 
had no adjacent tophi. The mean sizes of the tophi were 13.3 
mm and 17.5 mm in the non–bone erosion and bone erosion 

groups, respectively (P < 0.001).

Screening for factors associated with bone 
 erosion by multivariable regression analysis. We per-
formed a multivariate logistic regression analysis to identify 
variables associated with bone erosion in patients with gout. 
As shown in Tables 1 and 2, there were 16 factors that were 
identified as being significantly different between the 2 groups 
(P < 0.05). Those variables were candidate factors for bone 

erosion that fit in the multivariable logistic regression analy-
sis. The statistics from the multivariable logistic regression 
are shown in Table 3. Age, duration of gout, the existence of 
tophi, and ultrasound- detected articular synovial hypertrophy 
were positively independently associated with bone erosion. 
Joint effusion was negatively independently associated with 
bone erosion. Although these 5 factors were correlated with 
each other, one was still beyond the correlation and could not 
be fully predicted by the others. The modified Hosmer–Lem-
show goodness- of- fit test x2 statistic was 5.195 (P = 0.737), 
which suggested that the multivariable model was a good fit  
(P > 0.05). The proportion of variance explained by the model 
was 40.0–53.5% (Cox- Snell R2 = 0.400, Nagelkerke’s R2 = 
0.535) and correctly classified 81.6% of cases.

Next, all the factors that were entered in the logistic model 
were categorized to compare the relative risk for bone erosion. The 
number and size were 2 variables on behalf of tophi; thus, the num-
ber of tophi and the size of tophi were categorized and replaced 
the existence of tophi in logistic regression analysis. As shown in 
Table 4, the risk of bone erosion in patients between ages 40 and 
59 years and those older than 60 years of age increased 1.746- 
fold (P = 0.006) and 2.648- fold (P < 0.001), respectively, compared 
with those younger than 40 years of age. The ORs of patients with 
disease durations of 1–5, 5–10, and >10 years were 1.174 (P = 
0.469), 1.618 (P = 0.038), and 1.949 (P = 0.011), respectively, com-
pared with those with gout duration <1 year. Finally, we stratified the 
patients according to the number and size of tophi adjacent to the 
damaged joint. The results showed that the risk of bone erosion in 
patients with 1–2 tophi increased 3.634- fold, 10.571- fold in those 
with 3–4 tophi, and 15.390- fold in those with ≥5 tophi compared 
with patients without tophi (P < 0.001). However, the risk of bone 
erosion in the patients with tophi size <10 mm, 10–19.9 mm, and 
≥20 mm did not change significantly compared with patients with-
out tophi (P = 0.206), indicating that bone erosion was related to the 

number of tophi but not their size.

DISCUSSION

To our knowledge, this is the first study to report the prev-
alence and distribution of bone erosions in a large cohort of 
patients with gout. In this study, we found that 44% of gout 

Table 2. Comparison of ultrasound findings between bone erosion 
patients and non–bone erosion patients*

Variable

Non–bone 
erosion 

(n = 548)
Bone erosion 

(n = 431) P
Double contour sign 316 (57.6) 317 (73.5) <0.001
Joint effusion 432 (78.7) 229 (53.1) <0.001
Synovial hypertrophy 265 (48.3) 256 (59.4) 0.001
Tophi 138 (25.1) 269 (62.4) <0.001
Size of tophi,  

mean ± SD mm
13.3 ± 7.7 17.5 ± 11.0 <0.001

* Values are the number (percentage) unless indicated otherwise. 

Table 3. Multivariable logistic regression of factors associated with 
bone erosion*

Variable
β  

coefficient OR (95% CI) P 
Age 0.017 1.017 (1.007–1.027) 0.001
Duration of gout 0.051 1.053 (1.027–1.079) <0.001
Tophi 1.439 4.218 (3.092–5.753) <0.001
Joint effusion –1.152 0.316 (0.231–0.432) <0.001
Synovial 

hypertrophy
0.626 1.870 (1.378–2.538) <0.001

* OR = odds ratio; 95% CI = 95% confidence interval. 
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patients had bone erosions; the first MTP joint was the most 
frequently involved site, with 78.4% of defects occurring there. 
Bone erosion was independently associated with age, duration 
of gout, tophi, synovial hypertrophy, and joint effusion. A tophus 
was the most powerful factor associated with bone erosion in 
patients with gout, and the number of tophi, but not their size, 
was strongly associated with bone erosion in patients with gout.

Bone erosions were detected in 44% of our patients; these 
results are similar to the findings demonstrated in a study by 
McQueen et  al (6), where 25 of 40 patients scanned by 3T 
MRI had bone erosions. In another study by Stewart et al (17), 
13 of 23 patients had bone erosions detected by ultrasound. 
Gout has a predilection for the first MTP joint, with as many 
as 50–70% of first gout attacks occurring there. Thus, it was 
expected that 75.4% of patients with bone erosions in our 
study had gout in the first MTP (18). This is different from bone 
erosions in patients with RA, which predominantly occurs in 
the metacarpophalangeal joints (19) and may be related to 
differences in the predilection sites of the 2 diseases. Further-
more, 51.5% of patients had a single site of bone erosion, 
32.0% had 2 erosions, and 6.7% had 3 erosions, indicating 
that most bone erosions are independent and asymmetrical. 
The predilection site of bone erosion was consistent with the 
clinical features of a gout attack.

Among the independent factors associated with bone ero-
sion, an ultrasound- detected tophus was the most powerful 
factor for bone erosion in gout patients, with an OR of 4.218. 

This result coincides with those from other studies. McQueen 
et al reported that erosions are strongly associated with tophi 
(OR 13.0) detected by MRI (6). Another study, by Dalbeth et al, 
investigated tophi by CT and found that 95% of CT- detected 
erosions >5 mm were associated with tophi (3). Dalbeth and 
colleagues scored the bone erosions by depth of the erosion 
and found that erosions were strongly associated with tophi, 
particularly with larger tophi, suggesting that very small lesions 
can be false positives. However, these results were somewhat 
different from our findings; we found that, although the presence 
of tophi was significantly associated with bone erosions, the risk 
of bone erosions did not increase with size of the tophus but 
with the number of tophi. As the depth of bone erosion cannot 
be measured by ultrasound, the relationship between the size 
of tophi and severity of bone erosion needs further study. The 
cellular mechanisms of bone erosion can be considered in the 
context of these results. Numerous osteoclasts are present at 
the interface between bone and a tophus in erosive gout, and 
MSU crystals promote osteoclastogenesis through interactions 
with stromal cells. MSU crystal–induced production of cata-
bolic enzymes and cytokines that promote osteoclastogenesis 
by synovial fibroblasts, macrophages, and chondrocytes may 
also contribute to bone erosion (3,20). In addition, increased 
receptor activator of nuclear factor κΒ ligand and macrophage 
colony- stimulating factor could contribute to a pro- erosive 
cytokine milieu, while reduced viability and function of osteo-
blasts suggests disordered bone homeostasis (21).

Table 4. Incidence of bone erosion in gout patients*

Variable
Bone erosion 

(%) β coefficient OR (95% CI) P
Age, years (range)

<40 26.4 1 <0.001 for trend
40–59 45.7 0.557 1.746 (1.175–2.595) 0.006
≥60 58.9 0.974 2.648 (1.794–3.908) <0.001

Duration of gout, years (range)
≤1 26.9 1 0.039 for trend
between 1 and ≤5 35.3 0.161 1.174 (0.760–1.815) 0.469
between 5 and ≤10 52.1 0.478 1.613 (1.026–2.535) 0.038
>10 65.1 0.667 1.949 (1.167–3.256) 0.011

Joint effusion 
Yes 34.6 1
No 63.3 1.184 3.266 (2.371–4.499) <0.001

Synovial hypertrophy
No 38.1 1
Yes 49.1 0.639 1.894 (1.383–2.596) <0.001

No. of tophi
0 28.3 1 <0.001 for trend
1–2 57.4 1.288 3.624 (1.092–12.032) 0.035
3–4 75.9 2.358 10.571 (2.884–38.744) <0.001
≥5 80.5 2.734 15.390 (3.866–61.268) <0.001

Size of tophi, mm
0 29.3 1 0.206 for trend
<10 61.4 0.043 1.044 (0.300–3.628) 0.946
10–19.9 63.7 –0.345 0.708 (0.206–2.437) 0.584
≥20 72.9 –0.713 0.490 (0.136–1.767) 0.276

* Values estimated using logistic regression analysis. OR = odds ratio; 95% CI = 95% confidence interval. 
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Joint inflammation is common in patients with gout. More 
than 50% of gout patients have articular synovial hypertrophy or 
joint effusion. In patients with bone erosion, the proportions of 
overlying synovial hypertrophy and joint effusion were 59.4% and 
53.1%, respectively. Synovitis is common in patients with chronic 
gout. Synovitis was detected by MRI in 26 of 40 gout patients (6), 
and all 8 of the patients with acute gout developed wrist synovitis 
(22). We also investigated the association between synovial hyper-
trophy and erosions and found that bone sites affected by erosion 
were 1.87- fold more likely to lie adjacent to regions of syno-
vial hypertrophy than not to lie adjacent. However, joint effusion 
was negatively correlated with bone erosion. We speculate that, 
because bone erosion occurs through an “outside- in” mechanism 
(23), exudative inflammation may prevent direct invasion of the 
tophus (or granulomatous synovitis) through the articular cartilage 
into bone and dilute MSU- induced inflammatory cytokines. These 
results suggest that long- term inflammatory rather than acute 
inflammatory stimuli that promote progressive synovial thickening 
are a risk factor for bone erosion.

In the present study, we identified 2 clinical factors associ-
ated with bone erosion in gout patients that were not reported 
before. Average age (47.0 years versus 54.6 years) and duration 
of gout (5.2 years versus 9.2 years) were both significantly lower 
in the non–bone erosion group than the bone erosion group. In 
addition, compared with patients ages <40 years, the risk of bone 
erosion increased 1.746- fold in patients 40–59 years of age and 
2.648- fold in patients ages >59 years. The duration of gout was 
also independently associated with bone erosion, with an OR of 
1.053. These results suggest that an early diagnosis and treat-
ment would be important for preventing bone erosion in patients 
with gout. Due to the cross- sectional design of the present study, 
however, the effects of age and duration of disease on bone ero-
sion were not included and need to be further confirmed.

There were several limitations to this study. First, although 
the number of participants was substantially higher than previous 
studies, the sample size was small. Second, ultrasound cannot 
be used to evaluate the depth of bone erosion. Ultrasound allows 
for the detection of irregularities on the cortical bone surface and 
performs better in easily accessible joints, but it cannot penetrate 
bone like CT (although this depends on the site evaluated). Third, 
there were 3 sonographers for the ultrasound test in this study, 
and they were uniformly trained; however, not all of their reports 
were calibrated, and interobserver reliability was not assessed, 
which may have caused deviations in results. Last, because the 
upper limb joints were not evaluated, the prevalence of bone ero-
sion was underestimated.

In conclusion, this study demonstrates that bone erosion is a 
common complication of gout. Age, duration of gout, tophi, syno-
vial hypertrophy, and joint effusion were independently associated 
with bone erosion, which sheds further light on the links between 
crystal deposition and joint damage in patients with gout. These 
results suggest that an early diagnosis of gout, controlling the urate 

level, and decreasing local urate crystal deposition may be the 
most effective way to prevent bone erosion in patients with gout.
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Course of Back Pain in the Canadian Population: 
Trajectories, Predictors, and Outcomes
Mayilee Canizares, Y. Raja Rampersaud, and Elizabeth M. Badley

Objective. To identify and describe back pain trajectory groups and to compare indicators of health status, med-
ication, and health care use in these groups.

Methods. A representative sample (n = 12,782) of the Canadian population was followed-up from 1994/1995 
to 2010/2011. Participants were interviewed biannually and provided data on sociodemographic (e.g., education) 
and behavior- related (e.g., physical activity) factors, depression, comorbidities, pain, disability, medication use (e.g., 
opioids), and health care use (e.g., primary care visits). We used group- based trajectory analysis to categorize par-
ticipants according to patterns in the course of their back pain during the 16- year follow- up period and compared 
indicators of pain, disability, medication, and health care use in the trajectory groups.

Results. A total of 45.6% of the participants reported back pain at least once during follow- up. Of those, we 
identified 4 trajectories: persistent (18.0%), developing (28.1%), recovery (20.5%), and occasional (33.4%). The per-
sistent and developing groups were characterized as having pain that prevented activities, disability, depression, and 
comorbidities. There were significant differences in the patterns of medication and health care use across the groups, 
with a general trend of most to least health care and medication use in the persistent, developing, recovering, and 
occasional groups. Those in the recovery group had an increasing trajectory reflecting opioid and antidepressant use.

Conclusion. Approximately 1 in 5 people with back pain experience a persistent pain trajectory with an associ-
ated increase in pain, disability, and health care use. Further research is needed to determine whether the groups 
identified represent different diagnoses, which may provide insight into the selection of stratified treatment and aid in 
designing early prevention and management strategies in the population.

INTRODUCTION

Back pain is among the most frequently reported health prob-
lems worldwide (1). Systematic reviews of the global burden of 
back pain indicate that a mean ± SD of 18.3% ± 11.7 of the adult 
population report back pain at any given time and that a mean ± 
SD of 39.8% ± 24.3 of the population are affected by back pain 
during their lifetime (1,2). It has also been recognized that back pain 
often presents as recurrent episodes (3,4), with studies showing 
that although many patients recover from back pain, others have 
symptoms persisting after 1 year (5). In addition, back pain is asso-
ciated with disability, increased health care use and costs, and loss 
of productivity (2,6,7). Given that back pain is often recurrent, it is 
important to understand the course of back pain over time since 
this can provide additional insights into risk factors for unfavorable 
outcomes.

Previous studies have examined the trajectories of back 
pain (3). The majority of these involved patients who pre-
sented to primary care settings with back pain (8–14), had a 
restricted age range (8,11,15,16), and/or had short follow- up 
times (≤1 year) (4,8–10,12). Only a few studies have examined 
back pain in the general population (4,15,16) using a wide 
age range (4). Although these studies have methodologic dif-
ferences, they have identified common trajectories of persis-
tent, recovery, and developing back pain (3). Some of these 
studies have examined factors associated with the back pain 
trajectories identified (4,8–10,12,13); however, none have 
compared health- related outcomes in the back pain trajectory 
groups identified in the current study. Whether the patterns of 
back pain over time observed in the clinical samples of prior 
studies are also seen in the general population remains to be 
examined.
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To fill this gap in the literature, we aimed to identify back pain 
trajectory groups in the general population (15+ years of age) 
using data from a Canadian longitudinal study that spanned 16 
years. Our intent was to examine whether the trajectory groups are 
related to sociodemographic factors (e.g., education), behavior- 
related factors (e.g., obesity), and comorbidities and to compare 
the longitudinal trajectories of health status (e.g., disability), medi-
cation use (e.g., opioids), and health care use (e.g., visits to physi-
cians) across the previously identified pain trajectory groups.

MATERIALS AND METHODS

Data source. This study used data from the longitudinal 
component of the National Population Health Survey (NPHS). The 
NPHS surveyed a representative sample of the Canadian popu-
lation from 1994/1995 to 2010/2011. The survey’s target popula-
tion included household residents in the 10 Canadian provinces in 
1994/1995 (cycle 1), excluding persons living on Indian Reserves 
and Crown Lands, residents of health institutions, full- time mem-
bers of the Canadian Forces bases, and persons living in some 
remote areas of Ontario and Quebec. The survey collected data 
every 2 years, thus providing 9 cycles of data. More detailed 
descriptions of the NPHS design and interview procedures are 
available from Statistics Canada (17).

Back pain. For each cycle, the NPHS collected data on 
chronic conditions (up to 16) that had been diagnosed by a health 
care professional and had lasted for at least 6 months. Back pain, 
excluding arthritis and fibromyalgia, was included in the list.

Covariates. We examined 4 sociodemographic variables: 
age, sex, education level, and household income. For each 
cycle, the age (in years) was calculated. The number of years of 
schooling was used as a measure of educational attainment and 

grouped as <12 years, 12–15 years, and ≥16 years. Household 
income was grouped in quartiles of the overall distribution, and 
nonresponses were kept in a separate category for analysis.

Behavior- related factors such as obesity, participation 
in physical activity, daily activities (e.g., usual activity or work 
habits), and smoking status were also included. Body mass 
index (BMI) was grouped as underweight/normal weight 
(<25.0), overweight (25–29.9), and obese (≥30.0). Information 
on participation in various leisurely physical activities, such as 
walking for exercise, running, and gardening, was collected. 
Based on their total energy expenditure, participants were cat-
egorized as inactive (<1.5 kcal/kg/day) and active (≥1.5 kcal/
kg/day) (18). Participants were also asked to describe their 
usual day or work habits. Daily activities were categorized as: 
sedentary (those who usually sit during the day and do not 
walk around very much), light (those who stand or walk quite 
a lot during the day but do not have to carry or lift things very 
often), and moderate/heavy (those who usually lift or carry light 
loads or have to climb stairs or hills often, or those who do 
heavy work or carry very heavy loads). Smoking status was 
assessed by a variable derived from Statistics Canada that 
grouped participants as current smoker, former smoker, and 
nonsmoker (i.e., those who never smoked) (17).

In addition to back pain, participants reported the follow-
ing chronic conditions: arthritis, asthma, allergies (excluding 
food allergies), bronchitis, emphysema, diabetes mellitus, high 
blood pressure, heart conditions, stroke, cancer, ulcers, uri-
nary incontinency, migraine, glaucoma, and cataracts. Symp-
toms of depression were ascertained by responses (yes/no) 
to the question, “During the past 12 months, was there ever 
a time when you felt sad, blue, or depressed for 2 weeks or 
more in a row?”

Health- related outcomes. Indicators of health status, 
medication use, and health care use in the trajectory groups were 
compared. Indicators of health status that were examined were 
self- rated health (poor/fair versus good/very good/excellent), 
pain that prevents activities (few/some/most activities versus no 
pain/pain does not prevent activities), and disability measured 
as the number of activities for which participants needed help 
(at least 1 of 6 versus 0). Indicators of medication use (yes/no) 
were pain relievers (e.g., aspirin, acetaminophen), opioids (e.g., 
codeine, meperidine, and morphine), and antidepressants. We 
examined 6 indicators of health care use: primary care physician 
visits (2+ visits versus 0–1), specialist visits (1+ visits versus 0), 
mental health consultations (yes/no), physiotherapist visits (1+ 
visits versus 0), chiropractor visits (1+ visits versus 0), and visits 
to massage therapists (yes/no).

Statistical analysis. The first objective was to identify back 
pain trajectory groups. To do this, we used group- based trajec-
tory analysis (19). Briefly, group- based trajectory analysis assumes 

SIGNIFICANCE & INNOVATIONS
• This population-based longitudinal study identified 

4 back pain trajectory groups: persistent, develop-
ing, recovery, and occasional.

• Obesity, physical activity (leisurely and daily), smok-
ing, depression, and physical chronic conditions 
were the main factors associated with trajectory 
group membership.

• Those in the persistent and developing trajectory 
groups had more pain and disability and increased 
use of health care and medication than those in the 
recovery and occasional trajectory groups.

• The recovery trajectory group showed increased 
use of opioids and antidepressants over time, sug-
gesting that those recovering from back pain need 
further monitoring as they continue to receive 
medication.
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that there are various distinct trajectories of back pain and that 
participants can be allocated into 1 of many distinct groups based 
on patterns of back pain over time. To facilitate clinical interpret-
ability, we first allocated respondents who did not report back pain 
over follow- up (54.4% of the sample) into a no back pain trajec-
tory group. We then fit a group- based trajectory model on the 
remaining sample of participants, who reported back pain at least 
once over follow- up. Group- based trajectory models for binary 
outcomes were fit systematically, starting with a 1- group model 
(where it was assumed that all participants have the same course 
of back pain) and then adding another group for each successive 
model. The optimal number of back pain trajectory groups was 
chosen when Bayesian information criterion statistics remained 
stable. These were models in which the shape of the trajectory 
did not change substantially when higher order polynomials were 
included and each group had at least 5% of the analytical sam-
ple. We also examined the average posterior probabilities of group 
membership to assess model fit. Participants were allocated to a 
group for which they had the greatest posterior probability. Aver-
age posterior probabilities in each trajectory group were com-
puted, and values >0.70 indicated high internal reliability (19).

The second objective was to examine the association of 
sociodemographic and behavior- related factors and comorbidi-
ties measured at baseline with trajectory group membership, with 
those not reporting back pain as reference. To address this objec-
tive, we used multinomial logistic regression.

The third objective was to compare the patterns of change 
over time in health- related outcomes by trajectory groups. To 
address this objective, we fit 2- level multilevel growth models. 
Multilevel growth models have been widely used in longitudinal 
studies that examine change in outcomes and are appropriate 
for longitudinal data where there are multiple observations from 
each participant, as is the case with the NPHS data (20). These 
are 2- level models, where level 2 is represented by the indi-
vidual and level 1 by the repeated observations. For each out-
come, a 2- level logistic model was fit, including the trajectory 
group variable, linear and quadratic terms for the time variable, 
and interactions between the time variables and the trajectory 
groups. In this way, we could test whether the rate of change 
over time for each outcome differed for each back pain trajec-
tory group. All models were adjusted for sociodemographic and 
behavior- related factors and comorbidities. These covariates, 
with the exception of sex, were included as time varying. For 
ease of interpretation, the results of these analyses are pre-
sented graphically as full models in Supplementary Tables 1–5, 
available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23811/ abstract.

All analyses were conducted using SAS/STAT software 
(21). To fit the group- based models, we used SAS Proc Traj, 
which is an add- on available for free download (21,22). All 
models were fit to include incomplete cases up to the point 
when subjects dropped out or died, and maximum likelihood 

estimators were used to adjust for nonresponse, assuming that 
the data were missing at random. Multinomial regression and 
growth models were fit using data weights provided by Statis-
tics Canada, which accounted for sample design and included 
adjustments for nonresponse and poststratification (17).

Secondary analyses. Given the long follow- up of the 
NPHS, 32.1% of the baseline sample died or dropped out 
during the course of the study. In an attempt to differentiate 
between participants who remained throughout the study from 
those who died or dropped out, baseline demographic and 
health characteristics were examined using nominal logistic 
regression. The outcome was a 3- level variable: dropped out, 
died, respondent in the last cycle of data collection. Partici-
pants who died during the course of the study were more likely 
to be older, men, severely obese, and smokers, to have lower 
income and/or education, to have sedentary behaviors, and to 
have reported multiple chronic conditions. No differences were 
related to physical activity. Participants who dropped out of 
the study were more likely to be younger, men, smokers, and 
physically active and to have lower income and/or education. 
No differences were related to BMI, sedentary lifestyle, and the 
number of chronic conditions reported.

Because these comparisons indicated that there are dif-
ferences in important variables between participants who 
remained in the study and those who died or dropped out, 
we conducted 2 secondary analyses to examine the effect of 
attrition on the results. We re- estimated the trajectories that 
included variables indicating if the participant died or dropped 
out during follow- up, and we re- estimated the trajectories for 
participants with complete data in all 9 cycles of data collection.

One limitation of the 2- stage approach to develop trajec-
tory groups is that it does not consider uncertainty regarding tra-
jectory group membership. However, if we had developed the  
trajectory groups to include the baseline risk factors (the 1- stage 
approach), then the models for the outcomes would be over- 
adjusted since we were also interested in comparing changes in 
outcome over time across trajectory groups and since back pain 
and the outcomes examined share many of the risk factors stud-
ied (e.g., age, obesity). Nevertheless, we conducted a secondary  
analysis in which we fit the trajectory group model including the 
baseline risk factors studied and compared the results with the 
main findings.

RESULTS

Sample description. For our analyses, we included par-
ticipants who were ≥15 years in 1994/1995 and had at least 3 
cycles of data from baseline onwards. This resulted in a sam-
ple of 12,782 participants at baseline: 51.0% were female with 
a median age of 39 years (range 15–95 years), and 14.1% and 
19.5% reported back pain at baseline and at the last cycle of data 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23811/abstract
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collection, respectively. Furthermore, 45.6% of the participants 
reported back pain at least once during follow- up. No significant 
differences in education, income, and physical activity were found 
between those with and without back pain. Those with back pain 
had a higher percentage of being overweight, obese, and smok-
ers, of engaging in moderate- to- heavy, physically  demanding daily 

activities, and of having chronic conditions, particularly arthritis, 

depression, high blood pressure, and migraines (Table 1).

Trajectories of back pain. We first identified a group of 
participants who did not report back pain (no back pain) over 
the follow- up period (54.4% of the sample). We then fit the 

Table 1. Baseline characteristics of patients reporting back pain at least once (45.6%) compared to those 
without back pain (54.4%). Canadian National Population Health Survey, 1994/1995–2010/2011*

Back pain ≥1 
(n = 5,828)

No back pain 
(n = 6,954) P†

Sociodemographic
Age groups, years <0.0001

15–24 13.2 (12.0–14.4)‡ 21.2 (19.8–22.6)
25–34 20.3 (18.9–21.7) 21.6 (20.3–22.9)
35–44 22.8 (21.4–24.2) 21.5 (20.1–22.9)
45–54 17.0 (15.8–18.2)‡ 14.5 (13.4–15.6)
55–64 13.3 (12.2–14.4)‡ 9.3 (8.5–10.1)
65+ 13.4 (12.3–14.5)‡ 11.6 (10.7–12.5)

Sex, female 52.8 (51.1–54.5)‡ 49.6 (48.0–51.2) <0.0001
Education, years

<12 28.7 (27.2–30.2) 28.0 (26.6–29.4) 0.1394
12–15 57.9 (56.2–59.6) 57.1 (55.5–58.7)
≥16 13.4 (12.2–14.6) 14.8 (13.6–16.0)

Income quartiles 0.2462
Q1 (bottom) 19.1 (17.9–20.3) 17.6 (16.5–18.7)
Q2 27.8 (26.3–29.3) 25.9 (24.6–27.2)
Q3 24.1 (22.6–25.6) 25.9 (24.5–27.3)
Q4 24.5 (23.0–26.0) 26.1 (24.7–27.5)
Not reported 4.4 (3.7–5.1) 4.5 (3.8–5.2)

Health- related 
behaviors

BMI groups <0.0001
Underweight/normal 49.5 (47.8–51.2)‡ 56.3 (54.7–57.9)
Overweight 36.0 (34.3–37.7)‡ 33.1 (31.6–34.6)
Obese 14.5 (13.3–15.7)‡ 10.6 (9.6–11.6)

Physical activity 0.9401
Inactive 11.5 (10.3–12.7) 11.0 (10.0–12.0)
Light 47.8 (46.1–49.5) 48.2 (46.6–49.8)
Moderate/vigorous 40.7 (39.0–42.4) 40.8 (39.2–42.4)

Daily activities 0.0287
Sedentary 21.2 (19.9–22.6) 22.5 (21.2–23.8)
Light 49.6 (48.0–51.3) 51.3 (49.7–52.9)
Moderate/heavy 29.1 (27.5–30.7)‡ 26.1 (24.6–27.6)

Smoking status <0.0001
Current smokers 33.6 (32.0–35.2)‡ 27.8 (26.4–29.2)
Past smokers 31.6 (30.0–33.1)‡ 29.4 (28.0–30.8)
Nonsmokers 34.8 (33.2–36.5)‡ 42.8 (41.2–44.4)

Chronic conditions
Depression 13.2 (12.1–14.3)‡ 8.9 (8.0–9.8) <0.0001
Arthritis 18.4 (17.2–19.6)‡ 8.0 (7.2–8.8) <0.0001
Asthma 7.0 (6.1–7.9)‡ 5.1 (4.4–5.8) <0.0001
Bronchitis 3.7 (3.1–4.3)‡ 2.2 (1.8–2.6) 0.0002
Heart disease 4.0 (3.4–4.6)‡ 2.8 (2.3–3.3) <0.0001
Stroke 0.9 (0.6–1.2)‡ 0.5 (0.3–0.7) 0.0060
High blood pressure 11.0 (10.0–12.0)‡ 6.9 (6.2–7.6) <0.0001
Diabetes mellitus 3.0 (2.5–3.5) 2.6 (2.1–3.1) 0.1910
Cancer 1.7 (1.3–2.1)‡ 1.0 (0.6–1.4) 0.0028
Migraine 9.7 (8.8–10.6)‡ 5.4 (4.6–6.2) <0.0001
Ulcers 4.8 (4.2–5.4)‡ 2.1 (1.7–2.5) <0.0001
Urinary incontinence 1.5 (1.1–1.9)‡ 0.4 (0.2–0.6) <0.0001

* Values are the percentage (95% confidence interval). BMI = body mass index. 
† Based on chi- square test. 
‡ P < 0.05 for comparing proportions by back pain status. 



CANIZARES ET AL 1664       |

 group- based trajectory model to identify back pain trajectory 
groups on the subsample of participants reporting back pain at 
least once over follow- up. The results of this analysis identified 4 
distinct trajectory groups: persistent, developing, recovery, and 
occasional (Figure 1).

The average posterior probability ranged from 0.72 for 
the recovery group to 0.91 for the occasional group, indicative 
of good model fit. The persistent group accounted for 8.1% 
of the total sample and 18.0% of those reporting back pain. 
This group had a very high probability of reporting back pain 
throughout follow- up (the proportion of time that back pain was 
reported was 80% [range 67–100%]). The developing group, 
with a relatively low probability of reporting back pain initially, 
had an increasing probability of back pain throughout follow- up 
(the proportion of time that back pain was reported was 45% 
[range 33–67%]). This group accounted for 12.8% of the sample 
(28.1% of those with back pain). The next group, the recovery 
group, included participants who reported back pain in the first 
cycles of the study (96% reported back pain prior to cycle 4) 
and then stopped reporting back pain over time (the proportion 
of time that back pain was reported was 45% [range 33–67%]). 
This group accounted for 9.4% of all participants and 20.5% of 
those with back pain. The fourth group that we identified (the 
occasional group) accounted for 15.2% of the sample (33.4% 
of those with back pain). Members of this group reported back 
pain only once during follow- up. The characteristics of these tra-
jectory groups are presented in Supplementary Table 1, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23811/ abstract.

Individual characteristics of the trajectory groups. 
Table 2 shows the results of a multivariate, multinomial, logistic 
regression model that examines the factors associated with 
trajectory group membership, with the no back pain group 
used as reference. Odds ratios (ORs) for the persistent group 
peaked in the 45–54 year age group. For the developing and 
recovery groups, ORs peaked in the 55–64 year age group, 
while for the occasional group, ORs peaked in the 35–44 year 
age group. Women were more likely to be in the developing 
group (OR 1.28 [95% confidence interval (95% CI) 1.05–1.56]), 
although no significant differences were seen between men 
and women in the other trajectory groups. Education was only 
associated with the occasional group, such that those with a 
lower level of education were more likely to be allocated into 
this group. Income was not significantly associated with the 
trajectory groups. Of the behavior- related factors examined, 
obesity was significantly associated with experiencing per-
sistent (OR 1.73 [95% CI 1.39–2.15]), developing (OR 1.25 
[95% CI 1.04–1.50]), or occasional back pain (OR 1.25 [95% 
CI 1.06–1.47]). Participation in leisurely physical activities was 
significantly associated with all the trajectory groups. How-
ever, the direction of the association differed in each back 
pain group. Compared to inactive individuals, those who were 
physically active were more likely to be in the developing or 
occasional groups and were less likely to be allocated into 
the persistent or recovery groups. Those who reported more 
physically demanding daily activities (e.g., lifting light or heavy 
loads) compared to those with sedentary activities were more 
likely to be in any of the back pain trajectory groups except 
the persistent group. Furthermore, current smokers were more 
likely to be in any of the trajectories compared to nonsmok-
ers. There appeared to be a gradient in the odds of reporting 
comorbidities from highest to lowest for those in the persis-

tent, developing, recovery, and occasional back pain groups.

Comparing outcomes by trajectory groups. The 
findings from the multilevel logistic growth models are pre-
sented in Figures 2–4. These models compare changes over 
time in indicators of health status, medication use, and health 
care use in the back pain trajectory groups, adjusting for 
sociodemographic and behavior- related factors and comor-
bidities (for the full models, see Supplementary Tables 1–5, 
available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23811/ abstract). The 
estimates are the log odds for each covariate. In the prelim-
inary analysis, we found no significant differences in these 
outcomes between the occasional and no back pain groups. 
Therefore, we have presented the findings for these groups as 
occasional/no back pain.

The trajectory for those who rated their health as poor and 
who had pain that prevented activities mirrored the trajectories 
seen in the trajectory groups (Figure  2A and 2B, respectively), 

Figure 1. Results from a group- based trajectory analysis of back 
pain. Canadian National Population Health Survey, 1994/1995–
2010/2011. The predicted probability of reporting back pain is along 
the y- axis, and the follow- up years since baseline are along the  
x- axis. Each line represents 1 distinct trajectory. The percentage of 
the back pain population for each trajectory is shown.
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increasing for the developing group, declining for the recovery 
group, and remaining stable for the persistent and occasional/no 
back pain groups. In contrast, the trajectory of disability increased 
over time in all back pain trajectory groups (Figure  2C), with a 
general trend of greater disability for those in the persistent group, 
followed by the developing and recovery groups and the occa-
sional/no back pain group.

Medication use was highest for those in the persistent 
group, followed by the developing and recovery groups and 
the occasional/no back pain group (Figure  3A and 3B). Use 
of opioids increased over time in all trajectory groups (Fig-
ure  3A), but the increase was more marked for those in the 
persistent and developing groups. Noticeably, those in the 
recovery group continue to receive opioids over time. Like-

Table 2. Factors associated with trajectory group membership: results from a multinomial logistic regression model with the no back pain 
group as reference. Canadian National Population Health Survey, 1994/1995–2010/2011*

Persistent Developing Recovery Occasional
Age groups, years

15–24, reference
25–34 1.58 (1.19–2.10)† 1.14 (0.93–1.40) 1.71 (1.32–2.22)§ 1.69 (1.40–2.04)§
35–44 2.00 (1.52–2.63)§ 1.34 (1.10–1.63)† 1.86 (1.44–2.40)§ 1.83 (1.52–2.20)§
45–54 2.11 (1.56–2.85)§ 1.32 (1.06–1.64)‡ 2.42 (1.86–3.15)§ 1.62 (1.30–2.02)§
55–64 1.92 (1.39–2.65)§ 1.65 (1.30–2.09)§ 2.56 (1.93–3.40)§ 1.65 (1.32–2.06)§
65+ 0.88 (0.62–1.25) 1.37 (1.07–1.75)‡ 1.69 (1.25–2.28)† 1.28 (1.00–1.64)‡

Sex, female 1.02 (0.87–1.20) 1.17 (1.04–1.32)‡ 0.98 (0.88–1.09) 1.03 (0.92–1.15)
Education, years

≥16, reference
<12 0.99 (0.76–1.29) 0.86 (0.71–1.04) 1.13 (0.89–1.43) 1.25 (1.02–1.53)‡
12–15 1.18 (0.93–1.50) 0.80 (0.67–0.96)‡ 1.05 (0.85–1.30) 1.16 (0.98–1.37)¶

Income quartiles
Q4 (top), reference
Q1 (bottom) 1.09 (0.86–1.38) 0.98 (0.81–1.19) 0.96 (0.78–1.18) 1.06 (0.89–1.26)
Q2 1.09 (0.88–1.35) 1.00 (0.85–1.18) 0.85 (0.69–1.05) 1.09 (0.90–1.32)
Q3 1.05 (0.85–1.30) 0.95 (0.86–1.05) 0.99 (0.82–1.20) 0.96 (0.82–1.12)
Not reported 0.65 (0.41–1.03) 0.95 (0.63–1.43) 1.15 (0.83–1.59) 1.16 (0.86–1.56)

BMI
Normal, reference
Overweight 1.26 (1.06–1.50)† 1.13 (0.99–1.29)¶ 1.10 (0.95–1.27) 1.00 (0.89–1.12)
Obese 1.73 (1.39–2.15)§ 1.25 (1.04–1.50)‡ 0.94 (0.76–1.16) 1.25 (1.06–1.47)†

Physical activity
Inactive, reference
Light 0.82 (0.69–0.97)‡ 1.27 (1.02–1.58)‡ 0.79 (0.64–0.98)‡ 1.16 (0.97–1.39)¶
Moderate/vigorous 0.87 (0.69–1.10) 1.41 (1.13–1.76)† 0.85 (0.69–1.05) 1.25 (1.04–1.50)‡

Daily activities
Sitting, reference
Light 0.83 (0.69–0.99)‡ 1.00 (0.86–1.16) 1.03 (0.87–1.22) 1.05 (0.91–1.21)
Moderate/heavy 0.94 (0.76–1.16) 1.29 (1.09–1.53)† 1.31 (1.08–1.59)† 1.24 (1.06–1.45)‡

Smoking status
Nonsmokers, 

 reference
Current smokers 1.51 (1.26–1.81)§ 1.40 (1.21–1.62)§ 1.38 (1.17–1.63)† 1.10 (0.97–1.25)
Past smokers 1.21 (1.01–1.45)‡ 1.13 (0.98–1.30)¶ 1.23 (1.05–1.44)‡ 1.04 (0.91–1.19)

Chronic conditions
Depression 2.02 (1.64–2.49)§ 1.53 (1.28–1.83)§ 1.54 (1.26–1.88)§ 1.18 (0.99–1.41)¶
Arthritis 3.35 (2.72–4.13)§ 1.78 (1.47–2.16)§ 2.74 (2.28–3.29)§ 1.94 (1.62–2.32)§
Asthma 1.51 (1.13–2.02)† 1.67 (1.32–2.11)§ 1.52 (1.17–1.97)† 1.20 (0.95–1.52)
Bronchitis 1.00 (0.66–1.52) 0.91 (0.63–1.31) 1.46 (1.04–2.05)‡ 1.16 (0.84–1.60)
Heart disease 1.96 (1.39–2.76)† 0.81 (0.57–1.15) 0.98 (0.68–1.41) 0.80 (0.57–1.12)
Stroke 1.08 (0.52–2.24) 1.63 (0.87–3.05) 0.72 (0.31–1.67) 0.73 (0.34–1.57)
High blood pressure 1.04 (0.79–1.37) 1.29 (1.04–1.60)‡ 1.25 (0.99–1.58)¶ 1.18 (0.96–1.45)
Diabetes mellitus 0.92 (0.61–1.39) 0.70 (0.47–1.04) 0.75 (0.49–1.15) 1.11 (0.80–1.54)
Cancer 1.73 (1.05–2.85)‡ 1.07 (0.66–1.73) 1.89 (1.18–3.03)† 0.87 (0.50–1.51)
Migraine 2.15 (1.70–2.72)§ 1.29 (1.03–1.62)§ 2.05 (1.64–2.56)§ 1.34 (1.09–1.65)†
Ulcers 2.23 (1.61–3.09)§ 1.92 (1.42–2.60)§ 1.46 (1.30–1.64)† 1.14 (0.86–1.51)
Urinary incontinence 3.37 (1.81–6.27)§ 2.69 (1.49–4.86)† 2.53 (1.35–4.74)† 0.93 (0.43–2.01)

* Values are odds ratios (95% confidence interval). BMI = body mass index. 
† P < 0.01. 
‡ P < 0.05. 
§ P < 0.0001. 
¶ P < 0.1. 
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wise, use of antidepressants increased over time across all 
groups (Figure  3B), and no significant differences were seen 
in the trajectories of antidepressant use between the recov-
ery and developing groups. Similar patterns were seen in 
the use of pain relievers (data shown in Supplementary  

Tables 1–5, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23811/ abstract).

The results of comparing health care use indicators in the back 
pain trajectory groups are shown in Figure 3C and 3D for physician 
visits and Figure 4 for physiotherapy, chiropractic, massage therapy, 

Figure 2. Results of multilevel growth models of health status in back pain trajectory groups. Canadian National Population Health Survey, 
1994/1995–2010/2011. A, Poor/fair self- rated health. B, Presence of pain that prevents activities. C, Disability. All covariates were held at their 
means when calculating predicted values. Full models are presented in Supplementary Table 2, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23811/ abstract.

Figure 3. Results of multilevel growth models of medication use and visits to physicians in back pain trajectory groups. Canadian National 
Population Health Survey, 1994/1995–2010/2011. A, Opioids. B, Antidepressants. C, Primary care physician visits (2+). D, Specialist visits 
(1+). All covariates were held at their means when calculating predicted values. Full models are presented in Supplementary Tables 3 and 4.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23811/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23811/abstract
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and mental health services. Overall, those experiencing a trajec-
tory of persistent back pain used health care services more often 
compared to those with occasional/no back pain. The trajectories 
for primary care (Figure 3C), specialist care (Figure 3D), and mental 
health services (Figure 4D) were relatively stable over time across all 
back pain groups, and the trajectories for the developing and recov-
ery groups were not significantly different. In addition, physiotherapy 
(Figure 4A) and chiropractic visits (Figure 4B) declined over time for 
those in the persistent and recovery groups but increased among 
those in the developing group. Use of massage therapy increased 
over time in all of the groups (Figure 4C).

Secondary analyses. In our analysis of the impact of attri-
tion, we found that adjusting for death and dropouts resulted in 
findings similar to those of the main analyses. In addition, our 
 analysis of patients with data for all 9 cycles yielded similar tra-
jectory groups. The factors associated with the back pain groups 
and the differences in outcome by back pain groups showed pat-
terns similar to those seen in our main findings. The results from 
a trajectory model adjusted for risk factors at baseline compared 
with those from an unadjusted trajectory (the main results) were 
not substantially different.

DISCUSSION

This study provides insights into the long- term course of back 
pain in the general population. Our analyses, based on data from 
a longitudinal survey of the Canadian population from 1994/1995 

to 2010/2011, show that ~50% of responders reported back pain 
at least once during the 16- year follow- up. We identified 4 dis-
tinct trajectory groups: those who persistently reported back pain; 
those who developed back pain over time; those who recovered; 
and those who occasionally reported back pain over time. A major 
finding of this study is the negative impact of persistent back pain 
on a range of health- related outcomes, including health care use, 
after adjustments for sociodemographic and behavior- related fac-
tors and comorbidities. These findings are in accord with studies 
that suggest that up to one- quarter of patients with low back pain 
report this condition persistently and that they account for 75% 
of the total cost attributable to low back pain (23–25).The study 
findings also provide strong evidence that overall back pain tra-
jectories in the population obscure the complexity of the course 
of back pain over time and counter the notion that back pain will 
resolve in the vast majority of cases (26).

Our study is not directly comparable to previous studies of 
back pain trajectories. Ours used a representative sample of the 
general population with a wide age range (15+ years) and a long 
follow- up time (16 years), whereas most of the previous studies 
used clinical samples with a restricted age range (3). However, 
our back pain trajectory groups are somewhat compatible with 
previous studies (4,9,13,15,16,27). For instance, our groups are 
similar to those in 2 population studies of adolescents transition-
ing to adulthood (15,16). One study (15) found trajectories of low, 
increasing, recovery, and persistent back pain among 17- year- old 
patients who were followed- up for 5 years. Whereas another 
study (16) found 3 trajectories of musculoskeletal pain (low, 

Figure 4. Results of multilevel growth models of health care use in back pain trajectory groups. Canadian National Population Health Survey, 
1994/1995–2010/2011. A, Physiotherapy visits (1+). B, Chiropractic visits (1+). C, Consulted with massage therapists. D, Consulted with mental 
health professionals. All covariates were held at their means when calculating predicted values. Full models are presented in Supplementary Tables 
3 and 5.
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increasing, and persistent) in a sample of 16- year- old patients 
who were followed- up at ages 21, 30, and 43 years old. Dunn 
et al (9) also found trajectories of persistent and recovery back 
pain in patients who visited primary care settings for back pain. A 
study (4) that collected daily data for 1 year on pain intensity in the 
general population identified 3 different persistent courses but did 
not find a recovery group. Another study (27), which used data on 
50- year- old patients from the general population, found 3 distinct 
back pain trajectories: those who never reported back pain; those 
whose reports fluctuated; and those who reported back pain per-
sistently.

In keeping with past research, we found that having comor-
bidities was linked to higher odds of reporting back pain (7,28), 
particularly persistent back pain (15,16). In addition to comor-
bidities, obesity, physical activity, and smoking were associated 
with trajectory group membership. We found that obese indi-
viduals were more likely to experience trajectories of persistent, 
developing, and occasional back pain. This is inconsistent with 
studies that show no association between BMI and back pain 
trajectories (4,11,16). Furthermore, the finding that physically 
demanding daily activities were associated with the developing, 
recovery, and occasional trajectory groups is in accord with previ-
ous observations (29). These findings are somewhat paradoxical 
since some of the risk factors that were associated with persistent 
and developing back pain were also linked to recovery from back 
pain. Future studies, including established psychological risk fac-
tors of back pain, such as low mood and pain somatization, are 
 warranted (14,30,31).

New findings from our study include the negative impact of 
persistent back pain for a range of indicators of health services 
and medication use as well as for disability and pain that prevents 
activities. No study has compared indicators of health care and 
medication use in back pain trajectory groups, and few studies 
have examined pain and disability in relation to the course of back 
pain (4,5,13). One important difference between these studies 
and ours is that they examined the effect of health status mea-
sured at baseline in relation to trajectory group membership, while 
we compared the changes in these outcomes over time in the 
back pain trajectory groups. Nevertheless, compatible with our 
findings, these studies noted that having greater disability and 
more pain was strongly associated with experiencing persistent 
back pain (4,5,13).

Noticeably, the trajectories of the outcomes examined 
aligned in general with those seen in the trajectory groups, par-
ticularly for the persistent and occasional groups. For instance, 
the developing group had increasing trajectories of pain that 
prevents activities over time. However, this was not always 
true for the recovery and occasional groups, where treatment 
with opioids and antidepressants increased over time. A pos-
sible explanation for this is that given the long follow- up time 
of this study, some people in the recovery group may have 
been using these medications for several years after their back 

pain had resolved. If this was the case, then there are potential 
long- term consequences that highlight the importance of clin-
ical intervention to modify or stop medication use as patients 
with back pain recover. On the other hand, it can be argued that 
continued recovery is related to ongoing drug intervention; how-
ever, it is unlikely that long- term treatment with opioids is justifi-
able. As we controlled for the presence of comorbidities in our  
analyses, ongoing treatment with opioids is not likely to be 
related to co- occurring conditions. Another possibility is that 
continued treatment with opioids in the recovery and occasional 
groups is related, at least partially, to the increase in opioid use 
(medical and nonmedical) in the general population, which has 
been reported previously (32–34).

It is unclear what the developing group represents. It is likely 
that a portion of this group may represent people who would tran-
sition to a more persistent stage, particularly since the trajectories 
of the outcomes for this group over time were similar to those 
for the persistent group. Given the high impact of back pain on 
both the individual and the health care system, there is a need for 
further research to understand the characteristics of this group. 
Future long- term studies that record back pain from the onset and 
assessing it in short time intervals (e.g., monthly) would help to 
fully understand the dynamics of back pain over time. It has been 
noted that repeated monthly pain assessments reduce recall bias 
while better reproducing the course of back pain over time (35).

An important limitation of the current study is that our  
analyses are based on self- reported data. Studies have shown 
that self- reported measures are subject to recall and meas-
urement bias. Such biases should be kept in mind when inter-
preting our findings. We do not expect the patterns seen over 
time to be affected by recall or measurement bias since these 
biases are unlikely to vary over time. Our analyses may also 
be affected potentially by selection bias; participants with 1 or 
2 follow- up measurements were excluded from the analyses, 
and the impact of these exclusions on the results is unknown. 
In addition, the survey that we used employs a crude stand-
ard for measuring back pain; thus, we cannot differentiate the 
specific nature of back pain studied, such as neck pain, low 
back pain, or other spinal problems. The study was subject 
to attrition due to dropouts and mortality. Group- based tra-
jectory and growth models were fit using all the data availa-
ble until the participants died or dropped out of the study. We 
conducted a series of supplementary analyses to examine the 
impact of attrition on the results. Analyses including indicator 
variables that identify those who died or dropped out during 
follow- up and analyses based on a sample of respondents to 
all 9 cycles yielded trajectory groups similar to those presented 
in the main analyses. These limitations notwithstanding, this 
study extends previous work in clinical samples by compre-
hensively examining the trajectories of back pain in the gen-
eral population, including patients with a wide age range (15+ 
years) and who were followed- up for a long period of time. We 
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also have expanded on previous studies since we compared a 
variety of health outcomes in back pain trajectory groups after 
controlling for sociodemographic and behavior- related factors 
and comorbidities.

In conclusion, approximately 1 in 5 people with back pain is 
likely to experience a persistent trajectory, 1 in 3 develops back 
pain over time, and 1 in 4 recovers. The study showed that per-
sistent back pain is associated with persistent symptoms as well 
as increased health care and medication use. The results have 
important implications for the way that we understand back pain 
since the different trajectory patterns potentially represent sub-
groups in the population that may require different interventions. 
In light of the trend of marked worse outcomes, particularly for 
the persistent and developing groups, studies are needed to 
determine the nature of these groups and to identify factors that 
may facilitate early identification and mitigation of unfavorable 
outcomes.
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Hip Involvement in Patients With Calcium Pyrophosphate 
Deposition Disease: Potential and Limits of Musculoskeletal 
Ultrasound
Andrea Di Matteo,1  Emilio Filippucci,1  Edoardo Cipolletta,1 Alice Musca,2 Marina Carotti,1 Riccardo Mashadi 
Mirza,3 Diogo Jesus,4 Victoria Martire,5 Daniele Pierucci,1 Marco Di Carlo,1  Fausto Salaffi,1 and Walter Grassi1

Objective. To preliminarily explore the diagnostic potential of ultrasound (US) in detecting calcium pyrophosphate 
(CPP) crystal deposits at the hip joint in a cohort of patients with CPP deposition disease (CPPD) who were previously 
evaluated by conventional radiography (CR) and to assess the sensitivity and specificity as well as the agreement 
between US and CR in the evaluation of hip CPP crystal deposits.

Methods. Fifty consecutive patients with definite CPPD and 40 age/sex/body mass index–matched disease con-
trol subjects who had undergone hip CR within the previous 6 months were enrolled. Bilateral hip US examination 
was carried out to assess the presence of CCP crystal deposits at the acetabular labrum fibrocartilage and at the 
femoral head’s hyaline cartilage. Two independent radiologists evaluated the presence of hip CPP crystal deposits 
on CR in both groups.

Results. US findings indicative of CPP crystal deposits were found in at least 1 hip in 45 of 50 patients with CPPD 
(90.0%) and in 73 of 100 hips (73.0%). CPP crystal deposits were more frequently found at the acetabular labrum 
fibrocartilage than at the femoral head’s hyaline cartilage (72% and 17% of the hips in patients with CPPD, respec-
tively). US and CR sensitivity was 90% and 86%, whereas US and CR specificity was 85% and 90%, respectively. 
Total agreement between the US and CR findings was 77.8%.

Conclusion. Our results provide new evidence supporting US as a first- line, sensitive, safe, and reliable imaging 
technique in detecting CPP crystal deposits at the hip level.

INTRODUCTION

Calcium pyrophosphate deposition disease (CPPD) is a 
microcrystalline arthropathy caused by the deposition of cal-
cium pyrophosphate (CPP) crystals within articular and periar-
ticular tissues (1). CPPD can be regarded as a great mimicker 
because of the high variability of its clinical manifestations, 
ranging from an asymptomatic form to clinical scenarios that 
may present symptoms that overlap with different rheumatic 
diseases (i.e., gout, osteoarthritis [OA], rheumatoid arthritis, 
and fever of unknown  origin) (2). According to the diagnostic 

criteria proposed by Ryan and McCarty, a definite diagnosis of 
CPPD can be established if CPP dihydrate crystals are identi-
fied in the synovial fluid analysis, and hyaline cartilage and/or 
fibrocartilage calcifications are detected on conventional radi-
ography (CR) (3).

In daily clinical practice, the application of these criteria may 
not always be obvious since the synovial fluid analysis is not prac-
tical in many cases and CR has the disadvantage of false- negative 
results, especially if this investigation is limited only to the ana-
tomic sites that are regarded as the most frequently involved in 
the disease, such as the knee and wrist (4). On the other hand, a 
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systematic CR evaluation of the potential targets of CPPD is not 
acceptable from an ethical point of view.

In recent years, ultrasound (US) has emerged as a useful 
imaging technique for the detection of CPP crystals, and its use is 
encouraged in the latest European League Against Rheumatism 
recommendations for CPPD diagnosis (5). Hip involvement is tra-
ditionally considered uncommon and mainly observed in patients 
with long- lasting disease (6,7). Of interest, a recent study carried 
out by Abhishek et al demonstrated that hip chondrocalcinosis is 
anything but infrequent, with the hip joint representing the third 
most commonly involved anatomic site in a cohort of patients with 
and without hip and knee OA (4). This study has also shown that 
hip chondrocalcinosis is frequently seen in the absence of knee 
involvement, with almost half of the hips examined presenting with 
CR findings indicative of chondrocalcinosis without evidence of 
CPP crystals at knee level.

The opportunity to consider the hip as a sentinel region for 
the detection of CPP crystal deposits even in the absence of knee 
involvement is clinically relevant, especially in patients with joint 
pain of unknown origin. US has gained a well- defined role in the 
diagnosis of CPPD, having shown a greater or equal sensitivity 
and comparable specificity to CR in the detection of CPP crystal 
aggregates (8–13). However, to the best of our knowledge, there 
is no study that has compared the diagnostic accuracy of US and 
CR in the evaluation of CPP crystal deposits at the hip joint in 
patients with CPPD.

The primary objective of this study was to preliminarily explore 
the diagnostic potential of US in detecting CPP crystal deposits 
in a cohort of patients with CPPD who were previously evaluated 
by CR. The secondary objective was to assess the sensitivity and 
specificity of, as well as the agreement between, US and CR in the 
evaluation of CPP crystal deposits in the hip.

PATIENTS AND METHODS

Patients. Consecutive patients with definite CPPD accord-
ing to the Ryan and McCarty diagnostic criteria (3) (both CR and 

synovial fluid analysis positive for the presence of CPP crystals) 
and age/sex/body mass index–matched disease control subjects 
who were diagnosed with other rheumatic diseases according to 
various international diagnostic/classification criteria (14–22) were 
enrolled. All the patients were recruited from the outpatient clinic 
of the Clinica Reumatologica of the “Carlo Urbani” Hospital, Rheu-
matology Clinic, Jesi, Ancona, Italy. Inclusion criteria were the CR 
examination of hips and knees performed within the previous 6 
months and synovial fluid analysis (performed within the previous 
3 months in disease control subjects). Exclusion criteria were prior 
remarkable hip injuries or surgery procedures (including hip pros-
thesis and severe hip OA) and inflammatory hip involvement at the 
time of the evaluation. Disease control subjects with radiographic 
evidence of knee chondrocalcinosis or with a synovial fluid analy-
sis that was positive for CPP crystals were excluded.

Ethics committee approval was not required since all the 
patients underwent clinical and US evaluation according to our 
local protocols. All the patients gave their informed consent. 
No specific funding was received from any bodies in the pub-
lic, commercial, or not- for- profit sectors to carry out the work 
described in this study.

Clinical examination. A rheumatologist (EC) gathered 
the demographic (age, sex, and BMI) and clinical data from all 
the subjects. The same rheumatologist also collected the CR 
images and the synovial fluid analysis results.

Ultrasound examination. A rheumatologist (ADM), blinded 
to the clinical and CR data, performed a bilateral US examination of 
the hip joint both in patients with CPPD and in the disease control 
subjects. The US examination was carried out using a MyLab Class 
C US machine (Esaote, SpA) while working with a linear (3–13 MHz) 
and, when necessary, a convex probe (2–7 MHz). The lower fre-
quency probe (2–7 MHz) was used to assess overweight and obese 
patients, in whom relatively high frequency probes were not appro-
priate to examine deep structures, such as the hip.

The patients were examined while lying in a supine posi-
tion on the examination bed with heels together and hips slightly 
externally rotated. The anterior acetabular labrum fibrocartilage 
of the hip and the femoral head’s hyaline cartilage were scanned 
using both longitudinal and transverse views (23). Parameters 
of gray- scale gain were adapted to enhance recognition of CPP 
crystals. As is commonly known, crystal deposits, similarly to 
bone, maintain a high reflectivity even when the gain setting is 
minimized (24,25).

CPP crystal deposits at the acetabular labrum fibrocartilage 
were identified as hyperechoic spots of variable shapes (i.e., 
rounded or amorphous- shaped). CPP crystal deposits at the 
femoral head’s hyaline cartilage were defined as a hyperechoic 
band (either focal or diffuse) within the cartilage layer (26–29). At 
the acetabular labrum fibrocartilage, only grades higher than 2 
were considered positive according to the semiquantitative 0–3 

SIGNIFICANCE & INNOVATIONS
• This study provides new evidence supporting ultra-

sound (US) as a sensitive and specific imaging tool 
in detecting calcium pyrophosphate (CPP) crystal 
deposits at hip level.

• The diagnostic accuracy of US and conventional radi-
ography (CR) in the evaluation of CPP crystal depos-
its at hip level was comparable, and the agreement 
between these 2 imaging techniques was very good.

• US should be regarded as a first-line imaging tech-
nique in the assessment of the hip joint in patients 
with suspected CPP deposition disease (CPPD) be-
cause of its reliability and safety compared to CR.
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scoring system proposed by Filippou et al (where 0 = absent,  
1 = 1 to 2 spots, 2 = >2 spots covering <50% of the volume of 
the structure, and 3 = deposits covering >50% of the volume of 
the structure) (30). This scoring system has been used recently 
in a study evaluating CPP crystal deposits at the wrist level (12).

Conventional radiography examination. Two radiolo-
gists (MC, RMM) with experience in imaging assessment of muscu-
loskeletal diseases, blind to the clinical and US data, independently 

evaluated the images of the hip CR examinations (anteroposterior 
views) of all the patients to determine the presence or absence of 
cartilage calcifications. Radiographic features described by Resnick 
et al and Martel et al were used to identify the pathologic findings 
(31,32).

Statistical analysis. Results are reported as mean ± 
SDs for the quantitative variables. Data for qualitative variables 
are expressed as absolute frequency and as corresponding 
percentage. The Mann- Whitney test was used for quantitative 
variables that were not normally distributed, a Student’s t- test 
for the quantitative variables that had a normal distribution, 
and the chi- square test for the qualitative variables. The agree-
ment between the 2 radiologists who evaluated the CR images 
and the agreement between CR and US were assessed using 
Cohen’s kappa and total agreement. The kappa values were 
interpreted according to methods proposed by Landis and 
Koch (33), where <0.0 = poor, 0.00 to 0.20 = slight, 0.21 to 
0.40 = fair, 0.41 to 0.60 = moderate, 0.61 to 0.80 = substan-
tial, 0.81 to 1.00 = almost perfect. The sensitivity, specificity, 
and diagnostic odds ratio of US and CR in the evaluation of 
CPP crystal deposits were calculated. McNemar’s test was 
used to assess whether there was a significant difference 
between US and CR with respect to diagnostic accuracy. Sta-
tistical analysis was performed using Statistical Package for 
the Social Sciences software, version 24.0.

RESULTS

Patients. Fifty patients with CPPD and 40 disease con-
trol subjects were included in the study. A total of 180 hips (100 
hips in patients with CPPD and 80 hips in control subjects) 
were evaluated using both US and CR. The main clinical and 

serologic data for patients with CPPD are shown in Table 1.
In the disease control group, 13 patients had OA, 10 psoriatic 

arthritis, 7 rheumatoid arthritis, 5 ankylosing spondylitis, 2 polymy-
algia rheumatica, 2 gout, and 1 systemic lupus erythematosus. 
CPP crystals were not found in the synovial fluid analysis in any of 
the disease control subjects.

Table 1. Demographic, clinical, and serologic data of patients with 
CPPD*

Values
Male/female, no. 23/27
Age, mean ± SD years 71 ± 10.2
Disease duration, mean ± SD months† 57.3 ± 90.8
BMI, kg/m2 25.3 ± 3.8
ESR, mean ± SD mm/hour 27.1 ± 12.6
CRP, mean ± SD mg/dl 0.9 ± 1.4
Anatomic sites‡

Knee 47 (94.0)
Hip joint§ 14 (28.0)
Radiocarpal joint 6 (12.0)
Ankle 5 (10.0)
Shoulder 4 (8.0)
Elbow 2 (4.0)

Therapy
Colchicine 31 (62.0)
NSAIDs 9 (18.0)
MTX 4 (8.0)
HCQ 3 (6.0)
HCQ+MTX 1 (2.0)
None 4 (8.0)

* Values are the number (%) unless indicated otherwise. Percentages 
refer to the total number of patients with CPPD included. CPPD = 
calcium pyrophosphate deposition disease; BMI = body mass index; 
ESR = erythrocyte sedimentation rate; CRP = C- reactive protein level; 
NSAIDs = nonsteroidal antiinflammatory drugs; MTX = methotrexate; 
HCQ = hydroxychloroquine. 
† Disease duration indicates the time since the first diagnosis of 
CPPD. 
‡ Sites showing calcium pyrophosphate crystals at the synovial fluid 
analysis. 
§ Hip joint synovial fluid analysis was performed in 16 patients. In 
the 2 patients with negative hip synovial fluid analysis for calcium 
pyrophosphate crystals, neither ultrasound nor conventional radiog-
raphy showed calcifications at hip level. 

Table 2. Prevalence and distribution of US findings indicative of CPP crystal deposits at the 
hip joint in patients with CPPD and disease control subjects*

US findings

No. of patients No. of hips

CPPD 
(n = 50)

Controls 
(n = 40)

CPPD 
(n = 100)

Controls 
(n = 80)

In at least 1 hip 45 (90.0) 6 (15.0)† 73 (73.0) 8 (10.0)†
Acetabular labrum fibrocartilage 45 (90.0) 6 (15.0)† 72 (72.0) 8 (10.0)†
Femoral head’s hyaline cartilage 13 (26.0) 0‡ 17 (17.0) 0‡

In both hips 28 (56.0) 2 (5.0)† – –
* Values are the number (%). Percentages refer to the total number of patients. Significance 
was determined by chi- square test. CPP = calcium pyrophosphate; CPPD = calcium pyrophos-
phate deposition disease; US = ultrasound. 
† P < 0.0001. 
‡ P < 0.001. 
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Ultrasound. The prevalence and distribution of the US find-
ings indicative of CPP crystal deposits are reported in Table 2. US 
findings indicative of CPP crystal deposits were found at the ace-
tabular labrum fibrocartilage in 72 hips of 45 patients with CPPD 
(in 56 hips as an isolated finding, in 16 hips associated with CPP 
crystal deposits at the femoral head’s hyaline cartilage) and in 8 

hips of 8 disease control subjects, always as an isolated finding.
US findings indicative of CPP crystal deposits were found at 

the femoral head’s hyaline cartilage in 17 hips of 13 patients with 
CPPD (in 1 hip as an isolated finding, in 16 hips associated with 
CPP crystal deposits at the acetabular labrum fibrocartilage) and in 
none of the hips of disease control subjects. A total of 76 patients 
were assessed using a linear probe (42 patients with CPPD, 34 
disease control subjects), whereas the remaining 14 patients were 
studied using a convex probe (9 patients with CPPD, 5 disease 
control subjects).

Conventional radiography. CR findings indicative of 
CPP crystal deposits were detected in at least 1 hip in 43 of 
50 patients with CPPD (86.0%) and in 4 of 40 disease controls 
(10.0%) (P < 0.0001), in 72 of 100 hips in patients with CPPD 
(72.0%), and in 5 of 80 hips in disease control subjects (6.3%) 
(P < 0.0001). Calcifications were found in both hips in 29 of 
50 patients with CPPD (58.0%) and in 1 of 40 disease control 
subjects (2.5%).

The Cohen’s kappa value for the interreader agreement 
between the 2 radiologists was 0.77 (95% confidence inter-
val 0.67–0.87). CR findings indicative of CPP crystal deposits 
were detected in at least 1 knee in 48 of 50 patients with CPPD 
(96.0%) in 86 of 100 knees (86.0%).

Ultrasound and conventional radiography. The 
sensitivity, specificity, and diagnostic odds ratio of US and CR 
in the evaluation of CPP crystal deposits at the hip are shown 
in Table 3. There was no significant difference between US and 
CR with respect to sensitivity (P = 0.5), specificity (P = 0.5), 
and diagnostic odds ratio (P = 0.25). The agreement between 
the US and CR findings is reported in Table 4. Representative 
US and CR scenarios of hip involvement in patients with CPPD 

are shown in Figure 1.

DISCUSSION

The results of the present study indicate that US may rep-
resent a valid alternative to CR in demonstrating the presence of 
CPP crystal aggregates both at the hip acetabular labrum fibro-
cartilage and at the femoral head’s hyaline cartilage. This study 
provides new evidence supporting US as a sensitive and reliable 
imaging technique in the assessment of the disease.

To date, only a few imaging studies have evaluated hip 
involvement in patients with CPPD, and a variable prevalence 
has been reported (34,35). So far, hip involvement in patients with 
CPPD has been poorly investigated essentially because system-
atic CR evaluation of the hip in asymptomatic patients is unethical. 
In a previous retrospective CR study, calcifications were reported 
in 48% of patients with CPPD (44.7% of examined hips) (34). Only 
1 study of US evaluated the involvement of the hip in patients 
with CPPD, reporting findings indicative of CPP crystal deposits 
in 6.7% of patients in 5% of scanned hips (35). The higher preva-
lence of hip involvement reported in our results could be related to 
several factors, such as longer disease duration, different inclusion 
criteria (only patients with definite CPPD and with hip CR per-
formed within the previous 6 months were included in our study), 
and US equipment used.

In the present study, US findings indicative of CPP crystal 
deposits were more frequently detected at the acetabular labrum 
fibrocartilage than at the femoral head’s hyaline cartilage. This 
result is consistent with what had been shown at knee level in 
previous US studies (9,11,29,36,37) where CPP crystal deposits 
were more frequently found at the meniscal fibrocartilage than at 
the femoral condyles’ hyaline cartilage, with the exception of 1 
study in which US calcifications were more frequently detected at 

Table 3. Sensitivity, specificity, and diagnostic odds ratio of US and CR in the 
evaluation of CPP crystal deposits at the hip joint both in patients with CPPD and 
disease control subjects*

Imaging technique
Sensitivity 
(95% CI)

Specificity 
(95% CI)

Diagnostic 
OR (95% CI)

US 0.90 (0.78–0.97) 0.85 (0.70–0.94) 51.0 (14.0–181.0)
CR 0.86 (0.73–0.94) 0.90 (0.76–0.97) 55.0 (15.0–204.0)

* Significance was determined by chi- square test (P < 0.0001 for all). US = ultra-
sound; CR = conventional radiography; CPP = calcium pyrophosphate; CPPD = cal-
cium pyrophosphate deposition disease; 95% CI = 95% confidence interval; OR = 
odds ratio. 

Table  4. Agreement between ultrasound and conventional 
radiography findings in the evaluation of calcium pyrophosphate 
crystal deposits at the hip joint*

CR positive 
(n = 180)

CR negative 
(n = 180) Total

US positive 59 (32.8) 22 (12.2) 81 (45.0)
US negative 18 (10.0) 81 (45.0) 99 (55.0)
Total 77 (42.8) 103 (57.2)

* Values are the number (%). Total agreement was 77.8%; kappa 0.55 
(95% confidence interval 0.43–0.67). CR = conventional radiography; 
US = ultrasound. 
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the femoral condyles’ hyaline cartilage than at the meniscal fibro-
cartilage (38).

To the best of our knowledge, this is the first study that has 
explored the diagnostic value of US and CR and the agreement 
between these 2 imaging tools in the detection of CPP crystal 
deposits at the hip in a cohort of patients with CPPD. US showed 
a higher sensitivity than CR (90% versus 86%) but a lower speci-
ficity (85% versus 90%). The agreement between US and CR was 
very good (total agreement 77.8%), although in some cases the 
results of US and CR differed.

In 18 cases, calcifications were detected by CR but not by 
US. This could be mainly related to the fact that CR allows a more 
comprehensive evaluation of the hip joint, which also includes the 
cartilage areas covered by the bone. In fact, in 14 of the 18 cases, 
CR calcifications were located at the cartilage area covered by the 
iliac bone, an area that is not accessible by US (Figure 1D). On the 
contrary, in 22 cases CPP crystal deposits were detected by US 
but not by CR. As known, US has a higher resolution power than 
CR and allows the detection of even submillimeter microcrystal 
aggregates (8). This could explain why these deposits were visible 
by US but not by CR.

This study has the following main limitations. First is the 
absence of reproducibility analysis across operators of US, as 
examinations were performed by a single sonographer in a sin-
gle center. Second, the selection criteria for a patient’s inclusion, 
such as having a definite diagnosis of CPPD and knee and hip 
CR performed within the previous 6 months, may have influenced 
the sensitivity of US and CR in detecting CPP crystals at the hip, 
which resulted in higher results as compared to clinical practice. 
Third, the absence of a systematic fluid analysis from the hip joint 
may have influenced the correct classification rate for patients with 
CPPD. The presence of hyperechoic spots, which may be US 
pitfalls (39), as well as findings detectable in patients with other 
pathologic conditions different from CPPD (i.e., degenerative or 
traumatic injuries), may lead to misinterpretation of such findings. 
On the other hand, CR findings indicative of CPP crystal deposi-
tion are not necessary nor sufficient to make a definite diagnosis 
of CPPD. Finally, we included disease control subjects rather than 
healthy control subjects since we decided to enroll only patients 
who for clinical purposes underwent hip and knee CR in the pre-
vious 6 months. This could have affected the specificity of both 
US and CR.

Figure 1. Ultrasound (US) and conventional radiography (CR) findings indicative of calcium pyrophosphate (CPP) crystal deposits at the hip 
joint in 2 patients with CPP deposition disease. In the first patient, US longitudinal scan of the hip joint (A) shows a diffuse and large calcification 
at the acetabular labrum fibrocartilage (arrows) and a hyperechoic spot within the femoral head’s hyaline cartilage (arrowhead). In the same 
patient, CR anteroposterior view of the hip joint (B) reveals a large calcification at the acetabular labrum fibrocartilage (arrows). In the second 
patient, US longitudinal scan of the hip joint (C) shows an evident calcification at the acetabular labrum fibrocartilage (arrow). In this patient, the 
CR anteroposterior view of the hip (D) exhibits calcifications at the acetabular labrum fibrocartilage (arrow) and at the femoral head’s hyaline 
cartilage (curved arrow). ace = acetabulum; fem = femoral head.
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In conclusion, the hip joint should be included among the 
anatomic regions to explore with US in patients with suspected 
CPPD. This study provides new evidence supporting US as a sen-
sitive and specific imaging tool in detecting CPP crystal deposits 
at hip level. US should be regarded as a first- line imaging tech-
nique in the assessment of the hip joint in patients with suspected 
CPPD because of its reliability and safety compared to CR.
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B R I E F  R E P O R T

Spinal Radiographic Progression in Early Axial 
Spondyloarthritis: Five- Year Results From the DESIR Cohort
Sofia Ramiro,1  Désirée van der Heijde,2 Alexandre Sepriano,3 Miranda van Lunteren,2 Anna Moltó,4 
Antoine Feydy,5 Maria Antonietta d’Agostino,6 Damien Loeuille,7 Maxime Dougados,4 Monique Reijnierse,2 and 
Pascal Claudepierre8

Objective. To analyze the progression of spinal radiographic damage in patients with early axial spondyloarthritis 
(SpA).

Methods. Axial SpA patients from the DESIR (Devenir des Spondylarthropathies Indifférenciées Récentes) cohort 
with 5- year spinal (cervical and lumbar) radiographs available (n = 549) were included. Two-  and 5- year modified 
Stoke Ankylosing Spondylitis Spine Score (mSASSS) progression and development of new syndesmophytes (net 
change: the number of patients with positive change minus the number of patients with negative change divided by 
the total number of patients) were assessed in subgroups defined at baseline according to the Assessment of Spon-
dyloArthritis international Society axial SpA criteria and its arms, modified New York criteria (mNYC) and the presence 
of syndesmophytes.

Results. Mean ± SD mSASSS progression was 0.2 ± 0.9 at 2 years and 0.4 ± 1.8 at 5 years. Five- year progression 
was higher in the imaging arm (mean ± SD 0.6 ± 2.3), magnetic resonance imaging (MRI)+/mNYC+ (mean ± SD 1.3 ± 
4.0), than in the clinical arm only (mean ± SD 0.1 ± 0.7), and highest in patients with syndesmophytes (mean ± SD 2.7 
± 5.0). At 5 years, 7% of all patients had a net change of any new syndesmophyte; this value was 10% for the imaging 
arm (mNYC+/MRI+ with 18%), 17% for mNYC+ patients, and 42% for patients with syndesmophytes.

Conclusion. Spinal radiographic progression, although limited in early axial SpA, can be captured after 2 years. 
Inflammation and damage in the sacroiliac joint are associated with higher radiographic progression. The presence 
of baseline syndesmophytes already strongly predicts the development of further structural damage early in the 
disease.

INTRODUCTION

The development and evolution of spinal structural damage 
over time has been investigated in patients with radiographic axial 
spondyloarthritis (SpA). At a group level, an average progression of 
2 modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) 
units per 2 years (i.e., at the level of the cervical and lumbar spine) 

is seen when radiographs are scored with known time order, or 1 
mSASSS unit per 2 years when scoring is blinded for chro nologic 
order (1,2). The presence of syndesmophytes is known to be the 
strongest predictor for the development of further damage in radi-
ographic axial SpA (1).

So far, no studies have focused on the development of 
structural damage over time in patients with early axial SpA. The 
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development of the Assessment of SpondyloArthritis interna-
tional Society (ASAS) classification criteria, although not meant 
for diagnosis, has raised awareness for early forms of the dis-
ease (3). However, radiographic progression in these patients 
without radiographic sacroiliitis, and also in patients fulfilling 
the different arms of the classification criteria, has not yet been 
investigated.

Recently we have shown that the mSASSS is also the most 
valid, feasible, and sensitive- to- change scoring method in patients 
with early axial SpA (4). The aim of the current study was to  analyze 
the development and progression of spinal radiographic damage 
in patients with early axial SpA.

MATERIALS AND METHODS

Study population. Patients from the DESIR (Devenir des 
Spondylarthropathies Indifférenciées Récentes) cohort were 
included (5). Briefly, the DESIR cohort includes 708 patients with 
a high suspicion of recent axial SpA (<3 years of symptoms). 
Radiographs of cervical and lumbar spine were performed at 
baseline, at 2 years, and at 5 years and were read in 1 read-
ing campaign. Patients were included in this analysis provided 
they had ≥2 observations with available radiographs and with an 
mSASSS progression score calculated. The database used for 
this analysis was locked in June 2016. DESIR received ethics 
approval from the Comité de Protections des Personnes Ile de 
France III.

Scoring methods. Radiographs were scored using the 
mSASSS (6). The anterior vertebral corners of the cervical and 
lumbar segments (total of 24 vertebral corners) were scored 
in the lateral view for the presence of erosion and/or sclerosis 
and/or squaring (1 point), syndesmophyte (2 points), and bridg-
ing syndesmophyte (3 points). The total score range was 0–72.

The radiographs were independently scored by 3 trained 
readers (scores were averaged) blinded to chronologic order, 
clinical characteristics, and other imaging data. For the 
mSASSS, only scores of radiographs with ≤3 missing verte-
bral corners per segment (cervical or lumbar) were used (7,8). 
Individual missing vertebral corners were imputed following a 
previous method (8). Reliability of the mSASSS readings of this 
study was good (4).

SIGNIFICANCE & INNOVATIONS
• Spinal radiographic progression, though limited in 

early axial spondyloarthritis, can be captured after 
2 years.

• Inflammation and damage in the sacroiliac 
joints, i.e., the imaging arm of the Assessment of  
SpondyloArthritis international Society criteria, 
particularly magnetic resonance imaging positive/
modified New York criteria positive, are associated 
with higher spinal radiographic progression.

• Syndesmophytes, which can already be present 
early in the axial disease, strongly predispose pa-
tients for the development of further structural 
damage.

Figure  1. Categories of 5- year modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) progression for the different subgroups 
according to the Assessment of SpondyloArthritis international Society (ASAS) and modified New York criteria (mNYC) at baseline. The total 
number of patients included in this flowchart is lower than the number of included patients, due to a missing radiograph at 5 years. MRI = 
magnetic resonance imaging; CRP = C- reactive protein.
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To classify patients into different subgroups, baseline radio-
graphs of the sacroiliac (SI) joints were also scored for the fulfill-
ment of the modified New York criteria (mNYC) (9), and magnetic 
resonance imaging (MRI) for the presence of inflammation (i.e., 
axial SpA suggestive of bone marrow edema lesions) according 
to the ASAS definition (MRI+) (10).

Radiographic progression. Two-  and 5- year progression 
scores (from baseline) were analyzed (mean ± SD) in subgroups 
of patients defined at baseline according to the following: ASAS 
axial SpA classification criteria (3) (ASAS+ or ASAS–) and its arms 
(imaging and clinical); fulfilment of the mNYC (mNYC+ or mNYC–), 
regardless of the MRI SI joint assessment (9); and the presence or 
absence of syndesmophytes (Figure 1). To get more insight into 
the progression scores, these scores were also analyzed in cate-
gories: <0, 0, >0 and <2, and ≥2 mSASSS units.

Syndesmophytes, assessed in all available vertebral cor-
ners independently of the missing vertebral corners per seg-
ment, were considered present when at least 2 of 3 readers 
identified them at exactly the same vertebral corner and time 
point. The number of syndesmophytes was analyzed at baseline 
and then new syndesmophytes (from baseline) were analyzed 
at 2 and 5 years. Both cutoffs of >0 and >1 new syndesmo-
phytes were considered. The proportion of change is shown as 
the change above the cutoff (positive change), change below 
the cutoff (negative change), and net change. Net change cor-
responds to the number of patients with a positive change 
(e.g., ≥1) minus the number of patients with a negative change 
(e.g., ≥ –1) (numerator) divided by the total number of patients 
included in the analysis (denominator) (10).

A sensitivity analysis was conducted in a subpopulation, 
excluding patients who throughout follow- up obtained a different 
diagnosis than axial SpA (n = 25) and only including patients with 
an averaged (from all visits) level of confidence in the diagnosis 
of axial SpA of ≥5 (range 0–10). Additionally, the same analysis 
was conducted but restricted to patients with an averaged level of 
confidence in the diagnosis of axial SpA of ≥7. Stata SE software, 
version 12, was used.

RESULTS

In total, 549 patients were included, mean ± SD age was 
34 ± 9 years, mean ± SD symptom duration was 1.5 ± 0.9 
years, 46% were males, and 61% were HLA– B27 positive. 
In all, 63% of patients fulfilled the ASAS classification criteria 
(ASAS+), 13% fulfilled the mNYC criteria (mNYC+), and 7% 
had ≥1 baseline syndesmophyte (42% of these patients did 
not fulfill the ASAS classification criteria [ASAS–]). At baseline, 
no patients were treated with tumor necrosis factor inhibitors 
(TNFi), while at 2 years 31% of the included patients and at 5 
years 43% were treated with a TNFi. Included patients were 
somewhat older, were more frequently HLA– B27 positive and 
ASAS+, and had a slightly higher baseline mSASSS score 
than those patients with missing radiographs, but differences 
were small (see Supplementary Table 1, available on the Arthri-
tis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23796/ abstract).

Radiographic progression results. At baseline, the 
mean ± SD mSASSS score was 0.5 ± 1.5 for all patients, 0.6 ± 
1.8 for ASAS– patients, and 0.4 ± 1.4 for ASAS+ patients, with 

Table 1. Mean baseline damage and 2-  and 5- year radiographic progression for the different subgroups according to the 
ASAS criteria, mNYC, and baseline syndesmophytes*

Baseline mSASSS† 2- year mSASSS progression‡ 5- year mSASSS progression‡
All patients 0.5 ± 1.5 (527) 0.2 ± 0.9 (488) 0.4 ± 1.8 (372)
ASAS– 0.6 ± 1.8 (196) 0.2 ± 1.0 (186) 0.6 ± 2.0 (128)
ASAS+ 0.4 ± 1.4 (328) 0.1 ± 0.9 (299) 0.3 ± 1.6 (242)

Imaging arm 0.6 ± 1. 9 (151) 0.2 ± 1.2 (141) 0.6 ± 2.3 (106)
MRI+/mNYC– 0.3 ± 0.8 (81) 0.04 ± 0.3 (77) 0.3 ± 0.8 (55)
MRI–/mNYC+ 0.7 ± 1.2 (23) 0.5 ± 1.6 (22) 0.3 ± 0.6 (15)
MRI+/mNYC+ 1.2 ± 3.2 (43) 0.5 ± 1.9 (38) 1.3 ± 4.0 (33)

Clinical arm (only) 0.2 ± 0.7 (177) 0.02 ± 0.5 (158) 0.1 ± 0.7 (136)
CRP+ 0.2 ± 0.5 (33) 0.01 ± 0.3 (29) –0.02 ± 0.2 (27)
CRP– 0.2 ± 0.7 (144) 0.02 ± 0.5 (129) 0.2 ± 0.7 (109)

mNYC+ 1.0 ± 2.7 (66) 0.5 ± 1.8 (60) 1.0 ± 3.3 (48)
mNYC– 0.4 ± 1.3 (454) 0.1 ± 0.7 (421) 0.3 ± 1.4 (319)
Baseline syndesmophytes+ 4.4 ± 3.9 (36) 1.1 ± 2.9 (35) 2.7 ± 5.0 (31)
Baseline syndesmophytes– 0.2 ± 0.5 (491) 0.1 ± 0.5 (453) 0.2 ± 0.8 (341)

* Values are the mean ± SD (number of patients). Progression is measured compared to baseline. ASAS = Assessment of 
SpondyloArthritis international Society; mNYC = modified New York criteria; mSASSS = modified Stoke Ankylosing Spondylitis 
Spine Score; MRI = magnetic resonance imaging; CRP = C- reactive protein. 
† In 22 of the included patients, the baseline mSASSS was missing, but at least 1 mSASSS progression interval was available 
and therefore the patient could be included in the analysis. 
‡ The 2-  and 5- year progression scores cannot be directly compared, because patients are not exactly the same in both 
groups (due to missing radiographs). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23796/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23796/abstract
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an increasing gradient for patients who were MRI+/mNYC–, 
followed by MRI–/mNYC+, and then MRI+/mNYC+ (Table 1). 
Mean ± SD 2- year mSASSS progression for all patients was 
0.2 ± 0.9 and 5- year progression was 0.4 ± 1.8. Following the 
baseline difference, 5- year progression was slightly higher in 
patients who were ASAS– (mean ± SD 0.6 ± 2.0) than ASAS+ 
patients (mean ± SD 0.3 ± 1.6). mSASSS progression was 
higher in the imaging arm than in the clinical arm only. Within 
the imaging arm, there was a gradient starting in the MRI+/
mNYC– patients, with a 5- year progression of mean ± SD 0.3 
± 0.8, followed by MRI–/mNYC+ (mean ± SD 0.3 ± 0.6) and 
then MRI+/mNYC+ (mean ± SD 1.3 ± 4.0). mNYC+ patients 
had higher progression (mean ± SD 1.0 ± 3.3) than mNYC– 
patients, just like patients with baseline syndesmophytes, the 
group with the highest progression (mean ± SD 2.7 ± 5.0), 
compared to those patients without syndesmophytes (mean 
± SD 0.2 ± 0.8). At 5 years, 23% of the patients showed 
mSASSS progression (16% progression >0 and <2 units, 7% 
progression ≥2). These percentages were higher in patients 
fulfilling the imaging arm criteria (26% progression >0), mNYC+ 
(30%, with 13% progression ≥2) (Figure 1), and were the high-
est in patients with baseline syndesmophytes, with a total of 
74% showing a progression >0 and 39% a progression ≥2. At 
a group level, mean mSASSS values per time point increased 
from 0.5 at baseline to 1.1 at 5 years (see Supplementary 
Figure 1, available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23796/ 

abstract).

New syndesmophytes. At 5 years, 91% of the patients 
did not show any new syndesmophytes, 6% had 1 new syn-
desmophyte, 1% had 2 new syndesmophytes, and 2% had 
>2 new syndesmophytes (see Supplementary Figure 2, avail-
able on the Arthritis Care & Research web site at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.23796/ abstract). Table  2 
shows the proportion of patients with a new syndesmophyte. 
The proportion of patients showing any new syndesmophytes 
(net change >0) at 5 years was 7% for all patients, 10% for the 
patients in the imaging arm (ranging from 5% MRI+/mNYC– to 
18% MRI+/mNYC+), 17% for mNYC+, and 42% for patients 
with baseline syndesmophytes. Using a cutoff of >1 new syn-
desmophyte, the percentages dropped importantly, and the 
presence of new syndesmophytes was mostly captured in the 
patients who were mNYC+ (9%) and especially in patients with 

baseline syndesmophytes (21%).

Sensitivity analysis. Radiographic progression in the 
selected population of patients with a level of confidence in the 
diagnosis of axial SpA ≥5, and excluding patients with another 
diagnosis than axial SpA during follow- up, was very similar to 
the main results (see Supplementary Tables 2–4, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.

wiley.com/doi/10.1002/acr.23796/ abstract). Radiographic pro-
gression in both continuous and categorical forms, as well as 
net change of new syndesmophytes, was similar across all sub-
groups of patients analyzed. Only in the subgroup of patients 
with baseline syndesmophytes was progression slightly higher 
in the population of patients from the sensitivity analysis. Similar 
results are for the patients with a level of confidence of the diag-
nosis of axial SpA ≥7 (data not shown).

DISCUSSION

Spinal radiographic damage progression can already be 
captured after 2 and 5 years of follow- up in early axial SpA. 
Interestingly, 7% of the patients already presented with syn-
desmophytes at baseline, which means that the process 
of structural damage starts, at least for some, early in the 
 disease.

Radiographic damage and progression were slightly higher 
in ASAS– patients compared to ASAS+ patients, which was 
surprising. However, the difference was small and it can likely 
be explained by the fact that almost half of the patients with 
baseline syndesmophytes were ASAS– and 8% of the ASAS– 
patients had baseline syndesmophytes, a strong predictor of 
further damage, also confirmed in this study (1,11,12). The 
presence of syndesmophytes is already associated with a bad 
prognosis in early axial SpA; 74% of the patients with base-
line syndesmophytes showed radiographic progression (any 
mSASSS progression) at 5 years, and almost half developed 
new syndesmophytes. For the first time, syndesmophytes have 
been analyzed as a net change. Net change considers a neg-
ative change, i.e., a situation in which a syndesmophyte dis-
appeared from baseline to a subsequent time point (according 
to at least 2 of 3 readers), in principle meaning measurement 
error. Despite being a conservative approach, net change still 
captured new syndesmophytes in an early axial SpA popula-
tion and with varying frequencies in different subgroups, as 
expected. Net change represents a method that should be 
further encouraged, also when analyzing the development of 
new syndesmophytes (10).

As expected, the imaging arm showed more progression 
than the clinical arm. Within the imaging arm, a gradient was seen, 
with the lowest progression in the MRI+/mNYC– patients, followed 
by MRI–/mNYC+ patients, and by MRI+/mNYC+ patients. These 
findings suggest that the presence of bone marrow edema on 
the MRI SI joint assessment (i.e., MRI+) is associated with more 
structural damage in the spine in comparison to patients with a 
negative MRI SI joint result. Additionally, the findings show that 
radiographic sacroiliitis (i.e., mNYC+), and particularly the combi-
nation of both SI joint inflammation and damage (MRI+/mNYC+), 
seems to predispose patients to more spinal radiographic pro-
gression (10,13). New syndesmophytes at 5 years beyond meas-
urement error are mainly seen in the subgroup of patients who are 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23796/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23796/abstract
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both MRI+/mNYC+. Structural damage in axial SpA seems, at the 
group level, to start in the SI joint and expand cranially in the spine. 
Having a positive C- reactive protein level did not make any differ-
ence in the patients in the clinical arm, while clinical inflammation, 
i.e., disease activity, is known to be associated with spinal radio-
graphic progression (14). Possibly a relationship between inflam-
mation and structural progression only happens in patients who 
are already prone for progression, i.e., who have SI joint damage, 
because such a relationship has only been demonstrated in radi-
ographic axial SpA. Sensitivity analyses in a population of patients 
with a high level of confidence in the diagnosis and excluding 
patients with other diagnoses during follow- up provided similar 
results, which adds to the robustness of the findings.

In this study we did not consider the influence of other 
important factors in radiographic progression, such as patient 
characteristics (e.g., sex, HLA– B27 positivity, or smoking) or 
medication (the observed progression was under treatment 
of TNFi in 40–50% of the patients during any period of the 
follow- up). Neither did we score degenerative changes. We 
aimed at evaluating the progression in the different subgroups 
according to classification criteria or presence of syndes-
mophytes. Particularly the influence of medication requires 
specific analyses and handling potential confounding by indi-
cation, which requires a dedicated study.

In conclusion, spinal radiographic progression in early axial 
SpA is low but measurable beyond measurement error. Inflam-
mation and damage in the SI joint, i.e., the imaging arm of the 
ASAS criteria, particularly MRI+/mNYC+, are associated with 
higher spinal radiographic progression. Syndesmophytes, which 
can be present early in the axial disease, seem to strongly predis-
pose patients for the development of further structural damage.
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