
Aims and Scope 
Arthritis Care & Research is an offi  cial journal of the American College of Rheumatology and the Association of Rheumatology 

Professionals, a division of the College. Arthritis Care & Research is a peer-reviewed journal that publishes both original research 
and review articles that promote excellence in the clinical practice of rheumatology. Relevant to the care of individuals with 
arthritis and related disorders, major topics are evidence-based practice studies, clinical problems, practice guide-lines, health 
care economics, health care policy, educational, social, and public health issues, and future  trends in rheumatology practice. 

Volume 72, No. 7, July 2020

Arthritis Care & Research

http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.23965&domain=pdf&date_stamp=2020-06-29


GENERAL INFORMATION 
TO SUBSCRIBE
Institutions and Non-Members
Email: wileyonlinelibrary.com
Phone: (201) 748-6645
Write: Wiley Periodicals LLC
Attn: Journals Admin Dept UK

111 River Street
Hoboken, NJ 07030

Volumes 72, 2020:
Institutional Print Only:  Arthritis & Rheumatology and Arthritis Care & Research:

 $2,428 in US, Canada, and Mexico 
$3,097 outside North America

Institutional Online Only: $2,428 in US, Canada, Mexico, and outside North America
Institutional Print and  $3,036 in US, Canada, and Mexico

Online Only:    $3,872 outside North America

For submission instructions, subscription, and all other information visit: wileyonlinelibrary.com.

Arthritis Care & Research accepts articles for Open Access publication. Please visit https://authorservices.wiley.com/author-resources/
Journal-Authors/open-access/onlineopen.html for further information about OnlineOpen.

Wiley’s Corporate Citizenship initiative seeks to address the environmental, social, economic, and ethical challenges faced in our business 
and which are important to our diverse stakeholder groups. Since launching the initiative, we have focused on sharing our content with 
those in need, enhancing community philanthropy, reducing our carbon impact, creating global guidelines and best practices for paper use, 
establishing a vendor code of ethics, and engaging our colleagues and other stakeholders in our eff orts.

Follow our progress at www.wiley.com/go/citizenship.

Access to this journal is available free online within institutions in the developing world through the HINARI initiative with the WHO. For 
information, visit www.healthinternetwork.org.

Disclaimer
The Publisher, the American College of Rheumatology, and Editors cannot be held responsible for errors or any consequences arising 
from the use of information contained in this journal; the views and opinions expressed do not necessarily refl ect those of the Publisher, 
the American College of Rheumatology and Editors, neither does the publication of advertisements constitute any endorsement by the 
Publisher, the American College of Rheumatology and Editors of the products advertised.
Members:
American College of Rheumatology/Association of Rheumatology Professionals
For membership rates, journal subscription information, and change of address, please write:

American College of Rheumatology
2200 Lake Boulevard
Atlanta, GA 30319-5312
(404) 633-3777

ADVERTISING SALES AND COMMERCIAL REPRINTS
Sales contacts:  Kathleen Malseed, National Account Manager

E-mail: kmalseed@pminy.com
Phone: (212) 852-9824
Pharmaceutical Media, Inc.
30 East 33rd Street, New York, NY 10016

Publisher: Arthritis Care & Research is published by Wiley Periodicals LLC, 101 Station Landing, Suite 300, Medford, MA 02155
Production Editor: Willem Galanis, acrprod@wiley.com

ARTHRITIS CARE & RESEARCH (Print ISSN 2151-464X; Online ISSN 2151-4658 at Wiley Online Library, wileyonlinelibrary.com) is published monthly on behalf of the  American College 
of Rheumatology by Wiley Periodicals LLC a Wiley Company, 111 River Street, Hoboken, NJ 07030-5774. POSTMASTER: Send all address changes to Arthritis & Rheumatology, Wiley 
Periodicals LLC, c/o The Sheridan Press, PO Box 465, Hanover, PA 17331. Send subscription inquiries care of Wiley Periodicals LLC, Attn: Journals Admin Dept UK, 111 River Street, 
Hoboken, NJ 07030, (201) 748-6645 (nonmember subscribers only; American College of Rheumatology/Association of Rheumatology Professionals members should contact the 
American Collegeof Rheumatology). Subscription Price: (Volumes 71, 2019: Arthritis & Rheumatology and Arthritis Care & Research) Print only: $2,428.00 in U.S., Canada and Mexico, 
$3,097.00 rest of world. For all other prices please consult the journal’s website at wileyonlinelibrary.com. All subscriptions containing a print element, shipped outside U.S., will be sent 
by air. Payment must be made in U.S. dollars drawn on U.S. bank. Prices are exclusive of tax. Asia-Pacifi c GST, Canadian GST and European VAT will be applied at the appropriate rates. 
For more information on current tax rates, please go to www.wileyonlinelibrary.com/tax-vat. The price includes online access to the current and all online back fi les to January 1st 
2016, where available. For other pricing options including access information and terms and conditions, please visit  https://onlinelibrary.wiley.com/library-info/products/price-lists. 
Terms of use can be found here: https://onlinelibrarywiley.com/terms-and-conditions. Change of Address: Please forward to the subscriptions address listed above 6 weeks prior 
to move; enclose present mailing label with change of address. Delivery Terms and Legal Title: Where the subscription price includes print issues and delivery is to the recipient’s 
address, delivery terms are Delivered at Place (DAP); the recipient is responsible for paying any import duty or taxes. Title to all issues transfers Free of Board (FOB) our shipping 
point, freight prepaid. We will endeavor to fulfi ll claims for missing or damaged copies within six months of publication, within our reasonable discretion and subject to availability. 
Claims for undelivered copies will be accepted only after the following issue has been received. Please enclose a copy of the mailing label or cite your subscriber reference number 
in order to expedite handling. Missing copies will be supplied when losses have been sustained in transit and where reserve stock permits. Send claims care of Wiley Periodicals LLC, 
Attn: Journals Admin Dept UK, 111 River Street, Hoboken, NJ 07030. If claims are not resolved satisfactorily, please write to Subscription Distribution c/o Wiley Periodicals LLC, 111 
River Street, Hoboken, NJ 07030. Cancellations: Subscription cancellations will not be accepted after the fi rst issue has been mailed. Printed in U.S.A. Journal Customer Services: For 
 ordering information, claims and any enquiry concerning your journal subscription please go to https://hub.wiley.com/community/support/onlinelibrary or contact your nearest offi  ce. 
Americas: Email: cs-journals@wiley.com; Tel: 11 781 388 8598 or 11 800 835 6770 (toll free in the USA & Canada). Europe, Middle East and Africa: Email: cs-journals@wiley.com; 
Tel: 144 (0) 1865 778315. Asia Pacifi c: Email: cs-journals@wiley.com; Tel: 165 6511 8000. Japan: For Japanese speaking support, Email: cs-japan@wiley.com; Tel: 165 6511 8010 or 
Tel (toll-free): 005 316 50 480. Visit our Online Customer Help available in 7 languages at https://hub.wiley.com/community/support/onlinelibrary. Back Issues: Single issues from 
current and prior year volumes are available at the current single issue price from cs-journals@wiley.com. Earlier issues may be obtained from Periodicals Service Company, 351 
Fairview Avenue—Ste 300, Hudson, NY 12534, USA. Tel: 11 518 822-9300, Fax: 11 518 822-9305. Email: psc@periodicals.com. Printed in the USA by The Sheridan Group. Periodical 
postage paid at Hoboken, NJ and additional offi  ces.

Arthritis Care & Research
An Offi  cial Journal of the American College of Rheumatology

www.arthritiscareres.org and wileyonlinelibrary.com



 Special Article 
 Editorial: Capturing Patient-Reported Outcomes During the COVID-19 Pandemic: Development of the COVID-19 
Global Rheumatology Alliance Patient Experience Survey 

 Emily Sirotich, Sarah Dillingham, Rebecca Grainger, and Jonathan S. Hausmann, on behalf of the COVID-19 Global 
Rheumatology Alliance Steering Committee  ...........................................................................................................................................  871 

 Systemic Lupus Erythematosus 
 Dietary Omega Polyunsaturated Fatty Acid Intake and Patient-Reported Outcomes in Systemic Lupus 
Erythematosus: The Michigan Lupus Epidemiology and Surveillance Program 

 Prae Charoenwoodhipong, Sioban D. Harlow, Wendy Marder, Afton L. Hassett, W. Joseph McCune, 
Caroline Gordon, Charles G. Helmick, Kamil E. Barbour, Lu Wang, Peter Mancuso, Emily C. Somers, and 
Suzanna M. Zick  .........................................................................................................................................................................................  874 

 Five-Year Follow-Up of Coronary Microvascular Dysfunction and Coronary Artery Disease in Systemic Lupus 
Erythematosus: Results From a Community-Based Lupus Cohort 

 Vaneet K. Sandhu, Janet Wei, Louise E. J. Thomson, Daniel S. Berman, Jay Schapira, Daniel Wallace, 
Michael H. Weisman, C. Noel Bairey Merz, and Mariko L. Ishimori  .....................................................................................................  882 

 Quality of Care for the Screening, Diagnosis, and Management of Lupus Nephritis Across Multiple Health Care 
Settings 

 Ishita Aggarwal, Jing Li, Laura Trupin, Lisa Gaynon, Patricia P. Katz, Cristina Lanata, Lindsey Criswell, 
Louise B. Murphy, Maria Dall'Era, and Jinoos Yazdany  ........................................................................................................................  888 

 Pediatrics 
 Real-World Eff ectiveness of Common Treatment Strategies for Juvenile Idiopathic Arthritis: Results From a 
Canadian Cohort 

 Amieleena Chhabra, Kiem Oen, Adam M. Huber, Natalie J. Shiff , Gilles Boire, Susanne M. Benseler, 
Roberta A. Berard, Rosie Scuccimarri, Brian M. Feldman, Lily Siok Hoon Lim, Julie Barsalou, Alessandra Bruns, 
David A. Cabral, Gaëlle Chédeville, Janet Ellsworth, Kristin Houghton, Bianca Lang, Kimberly Morishita, 
Dax G. Rumsey, Alan M. Rosenberg, Shirley M. Tse, Karen Watanabe Duff y, Ciaran M. Duff y, and Jaime Guzman, on 
behalf of the ReACCh-Out Investigators  ..................................................................................................................................................  897 

 Cumulative Incidence of Orofacial Manifestations in Early Juvenile Idiopathic Arthritis: A Regional, Three-Year 
Cohort Study 

 Peter Stoustrup, Mia Glerup, Anders E. Bilgrau, Annelise Küseler, Carlalberta Verna, Anne E. Christensen, 
Kasper D. Kristensen, Sven Erik Nørholt, Marinka Twilt, Troels Herlin, and Thomas K. Pedersen  ...................................................  907 

 Gait Adaptations in Youth With Juvenile Idiopathic Arthritis 
 Gregor Kuntze, Colleen Nesbitt, Alberto Nettel-Aguirre, Shane Esau, Robyn Scholz, Julia Brooks, Marinka Twilt, 
Clodagh Toomey, Dianne Mosher, Janet L. Ronsky, Susanne Benseler, and Carolyn A. Emery  ........................................................  917 

 Rheumatoid Arthritis 
 Rheumatoid Arthritis Flares After Total Hip and Total Knee Arthroplasty: Outcomes at One Year 

 Susan M. Goodman, Serene Z. Mirza, Edward F. DiCarlo, Diyu Pearce-Fisher, Meng Zhang, Bella Mehta, 
Laura T. Donlin, Vivian P. Bykerk, Mark P. Figgie, and Dana E. Orange  ..............................................................................................  925 

 Patient and Rheumatologist Perspectives Regarding Challenges to Achieving Optimal Disease Control in 
Rheumatoid Arthritis 

 Justin K. Owensby, Lang Chen, Ronan O'Beirne, Eric M. Ruderman, Leslie R. Harrold, Joshua A. Melnick, 
Monika M. Saff ord, Jeff rey R. Curtis, and Maria I. Danila  .....................................................................................................................  933 

 Evaluation of Response Criteria in Rheumatoid Arthritis Treated With Biologic Disease-Modifying 
Antirheumatic Drugs 

 Mariko Inoue, Hiroko Kanda, Shoko Tateishi, and Keishi Fujio  ............................................................................................................  942 
 Coexistent Hyperuricemia and Gout in Rheumatoid Arthritis: Associations With Comorbidities, Disease Activity, 
and Mortality 

 Andrew Chiou, Bryant R. England, Harlan Sayles, Geoff rey M. Thiele, Michael J. Duryee, Joshua F. Baker, 
Namrata Singh, Grant W. Cannon, Gail S. Kerr, Andreas Reimold, Angelo Gaff o, and Ted R. Mikuls ..............................................  950 

VOLUME 72 •  July 2020 •  NO. 7

Arthritis Care & Research
An Offi  cial Journal of the American College of Rheumatology

www.arthritiscareres.org and wileyonlinelibrary.com

ACR_v72_i7_toc.indd   1ACR_v72_i7_toc.indd   1 6/24/2020   9:48:35 AM6/24/2020   9:48:35 AM



 Brief Report: Baseline Objective Infl ammation by Magnetic Resonance Imaging as a Predictor of Therapeutic 
Benefi t in Early Rheumatoid Arthritis With Poor Prognosis 

 Harris A. Ahmad, Joshua F. Baker, Mikkel Østergaard, Paul Emery, Patrick Durez, June Ye, Subhashis Banerjee, and 
Philip G. Conaghan  ....................................................................................................................................................................................  959 

 Osteoarthritis 
 Arthritis, Sleep Health, and Systemic Infl ammation in Older Men 

 Soomi Lee, Katie L. Stone, Christopher G. Engeland, Nancy E. Lane, and Orfeu M. Buxton  .............................................................  965 
 Diff erent Phenotypes of Osteoarthritis in the Lumbar Spine Refl ected by Demographic and Clinical 
Characteristics: The Johnston County Osteoarthritis Project 

 Adam P. Goode, Rebecca J. Cleveland, Steven Z. George, Virginia B. Kraus, Todd A. Schwartz, Richard H. Gracely,
 Joanne M. Jordan, and Yvonne M. Golightly  ..........................................................................................................................................  974 

 Effi  cacy of Computer-Based Telephone Counseling on Long-Term Adherence to Strength Training in Elderly 
Patients With Knee Osteoarthritis: A Randomized Trial 

 Kristin Baker, Michael P. LaValley, Carrie Brown, David T. Felson, Aileen Ledingham, and Julie J. Keysor  ......................................  982 
 Comorbidities in Osteoarthritis: A Systematic Review and Meta-Analysis of Observational Studies 

 Subhashisa Swain, Aliya Sarmanova, Carol Coupland, Michael Doherty, and Weiya Zhang  ...........................................................  991 

 Vasculitis 
 Comparison of the Birmingham Vasculitis Activity Score and the Five-Factor Score to Assess Survival in 
Antineutrophil Cytoplasmic Antibody–Associated Vasculitis: A Study of 550 Patients From Spain (REVAS Registry) 

 Roser Solans-Laqué, Monica Rodriguez-Carballeira, Juan Jose Rios-Blanco, Guadalupe Fraile, Luis Sáez-Comet, 
Aleida Martinez-Zapico, Begoña Frutos, Xavier Solanich, Eva Fonseca-Aizpuru, Francisco Pasquau-Liaño, 
Monica Zamora, Joaquim Oristrell, Patricia Fanlo, Miguel Lopez-Dupla, Monica Abdilla, Isabel García-Sánchez, 
Bernardo Sopeña, Maria Jesus Castillo, Isabel Perales, and Jose Luis Callejas , on behalf of the Spanish Registry of 
Systemic Vasculitis, the Autoimmune Systemic Diseases Study Group, and the Spanish Society of Internal Medicine  ...............  1001 

 Sjögren's Syndrome 
 Meta-Analysis of Treatment for Primary Sjögren's Syndrome 

 Lucy L. Chu, Kangping Cui, and Janet E. Pope  ......................................................................................................................................  1011 

 Ankylosing Spondylitis 
 Long-Term Spinal Mobility in Ankylosing Spondylitis: A Repeated Cross-Sectional Study 

 Björn Sundström, Lotta Ljung, Kristina Hörnberg, and Solveig Wållberg-Jonsson  ...........................................................................  1022 
 Birth Outcomes and Disease Activity During Pregnancy in a Prospective Cohort of Women With Psoriatic 
Arthritis and Ankylosing Spondylitis 

 Chelsey J. F. Smith, Gretchen Bandoli, Arthur Kavanaugh, and Christina D. Chambers  .................................................................  1029 

ARP Announcements ................................................................................................................................................... A15

Cover image: The fi gure on the cover (from Ahmad et al, p. 961) shows contrast-enhanced 1.5T magnetic 
resonance image of a wrist from a rheumatoid arthritis patient demonstrating high levels of synovitis 
and osteitis.

ACR_v72_i7_toc.indd   2ACR_v72_i7_toc.indd   2 6/24/2020   9:48:35 AM6/24/2020   9:48:35 AM



871  

Arthritis Care & Research
Vol. 72, No. 7, July 2020, pp 871–873
DOI 10.1002/acr.24257
© 2020, American College of Rheumatology

E D I T O R I A L

Capturing Patient- Reported Outcomes During the 
COVID- 19 Pandemic: Development of the COVID- 19 Global 
Rheumatology Alliance Patient Experience Survey
Emily Sirotich,1 Sarah Dillingham,2 Rebecca Grainger,3  and Jonathan S. Hausmann,4  on behalf of the 
COVID-19 Global Rheumatology Alliance Steering Committee

The coronavirus disease 2019 (COVID- 19) Global Rheu-
matology Alliance (C19- GRA) was formed in March 2020 as a 
grassroots organization to coordinate the response of the inter-
national rheumatology community to the pandemic (1) (members 
of the C19- GRA Steering Committee are listed in Appendix A). 
The C19- GRA launched an international, secure de- identified 
physician registry of patients with rheumatic diseases infected 
with the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV- 2) to provide insights into the management and treatment of  
COVID- 19 in this population.

However, patients with rheumatic diseases highlighted the 
limitations of a physician registry, in which patient- oriented out-
comes are not sufficiently captured. Furthermore, the physician 
registry does not include data on patients with mild symptoms 
who do not seek medical care, nor does it capture the result-
ing behavioral changes of patients in response to the pandemic, 
which are likely to occur regardless of infection status.

Patients also had unique concerns related to their disease 
and its treatment. These concerns included whether their rheu-
matic disease or immunosuppressive treatments increased their 
risk of COVID- 19 infection, or if infected, increased the risk of 
poorer outcomes; whether changes to their medications were 
desirable; and whether their ability to obtain their medications 
would be impaired since rheumatic disease drugs were being 
used to treat COVID- 19 (2–4). In the first 2 weeks of the pan-
demic, approximately half of patients in one US cohort described 

significant disruption to their rheumatology care, including 
disrupted or postponed appointments and self- imposed or 
physician- directed changes to medications (5).

To address these concerns and expand upon the rheumatol-
ogy community’s understanding of the impact of the COVID- 19 
pandemic on individuals with rheumatic disease, the C19- GRA 
launched the Patient Experience Survey (www.rheum-covid.
org/patie nt-survey). This international, anonymous, patient- 
facing survey is intended for adults with rheumatic disease and 
parents of children with rheumatic disease, whether they have 
contracted COVID- 19 or not. The purpose of this editorial is to 
provide a timely description of the rapid engagement of individ-
uals with rheumatic disease, patient organizations, and rheuma-
tologists to develop a unique survey operating in parallel to the 
physician registry. This survey collects data from individuals with 
rheumatic diseases and explores how the pandemic is affecting 
their physical and mental health, behavior, and ability to man-
age their rheumatic disease. In this editorial we define the data 
elements captured, address how we involved patient groups in 
all aspects of the survey development and dissemination, and 
explain the outputs that are expected from this work. In describ-
ing this process, we present a model that can be used when 
collaboration from multiple stakeholders is required to tackle a 
complex problem rapidly and to meet the care and emotional 
needs of our patients.

The views expressed herein are those of the authors and participating 
members of the COVID-19 Global Rheumatology Alliance and do not 
necessarily represent the views of the American College of Rheumatology 
or any other organization.
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Inception of the Patient Experience Survey. Patient 
experience surveys have been successfully used to comple-
ment measures of clinical outcomes (6). The COVID- 19 Patient 
Experience Survey was developed through cooperation between 
the C19- GRA Steering Committee, patient partners, and patient 
organization representatives. Patients were involved in all aspects 
of this research, including the generation of the research questions, 
study design, development of the measuring instruments, recruit-
ment of patients to the study, contribution to manuscripts, and 
participation in the C19- GRA Steering Committee. Such extent 
of patient involvement has been found to improve the quality and 
relevance of research (7). The collaboration was facilitated via 
Slack, an online team collaboration and messaging platform. The 
process of survey development used principles from “agile meth-
odology,” in which continued patient community involvement 
occurred throughout the survey process (8). This methodology 
enabled rapid iteration of the survey questions to ensure focus 
on outcomes most relevant to the patient community, as well 
as issues of importance to the rheumatologists caring for the 
patients. A Qualtrics version of the survey was then sent to physi-
cians, patients, and patient groups for further review, including for 
the use of appropriate language that was sensitive to diverse cul-
tures and belief systems. Once the survey was finalized, bilingual 
and multilingual patients and physicians translated it into other 
languages. The survey was reviewed by the institutional review 
board at Boston Children’s Hospital and was deemed exempt 
because it was intentionally created to be anonymous by exclud-
ing any protected health information.

Collaborating with patient organizations. While many 
patient organizations wanted to develop their own surveys for 
their members, they also realized the potential benefits of distribut-
ing a single C19- GRA survey to the global patient community, with 
robustly developed data domains that paralleled the physician 
survey, secure data management, and institutional review board 
approval. At the same time, we realized the need for these orga-
nizations to better understand the experience of their members 
during the pandemic. Thus, we offered to provide organizations 
with the aggregate results from their members when survey par-
ticipants indicated that they had membership in an organization. 
For patient organizations that preferred to deploy their own survey, 
we made our questions open- access and available to any organi-
zation so they could incorporate some (or all) of our questions, with 
the goal of sharing data in the future (see Supplementary Appen-
dix A, available on the Arthritis Care & Research website at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24257/ abstract). A final 
novel aspect of this initiative was that survey dissemination was 
led by patients, including a comprehensive and coordinated com-
munications plan. As part of this plan, patient organizations were 
supplied with a social media kit designed to appeal to patients. 
Recruitment via patient organizations that supported the C19- 
GRA increased the reach of the survey and boosted participation.

Data elements captured. The Patient Experience Survey 
provides an opportunity for all individuals with rheumatic disease to 
report their experiences during the COVID- 19 pandemic, whether 
infected with the SARS- CoV- 2 or not. Many data elements mirror 
the C19- GRA physician survey, such as demographic informa-
tion, rheumatic disease diagnosis, medications, comorbidities, and 
details of COVID- 19 diagnosis and its treatment, if relevant. These 
items were included so that the patient- reported data and physician- 
reported cases could be used in complementary ways. Research 
has shown that patient- reported studies lead to results similar to 
those conducted by physicians under clinical conditions (9).

We are especially interested in examining whether certain 
rheumatic diseases or immunomodulatory medications place 
patients at an increased or decreased risk of COVID- 19 com-
plications. For instance, much controversy has arisen regarding 
the potential benefit of hydroxychloroquine in the treatment or 
prevention of COVID- 19 (2), and our study is poised to gener-
ate real- world data to examine this question. Moreover, while 
patients taking immunosuppressive medications are thought to 
be at higher risk of severe illness related to COVID- 19 (10), drugs 
used to treat rheumatic diseases are also being employed to man-
age complications of COVID- 19 (3,4), so the ultimate impact on 
patient risk is unclear. We will also assess whether the use of 
these medications as off- label treatments for COVID- 19 has led to 
drug shortages that prevent patients with rheumatic disease from 
obtaining their prescribed medications.

We included questions about the impact of the COVID- 19 
pandemic on patients’ behavior, employment, decision to con-
tinue immunosuppressive treatment, and ability to connect with 
their rheumatologists. Patient- Reported Outcome Measurement 
Information Systems measures were included to understand the 
impact of COVID- 19 on the physical and mental well- being of 
patients with rheumatic disease. These validated patient- reported 
outcomes measures allow for comparisons across a range of 
chronic conditions as well as in healthy controls (11).

Future impact. As of April 16, 2020, 2 weeks after the 
release of the survey, the C19- GRA Patient Experience Survey 
has had 9,541 responses. The most common diagnoses in this 
group were rheumatoid arthritis (25%) and systemic lupus erythe-
matosus (20%). Five percent of the cohort were children age <18 
years. In the entire cohort, 465 patients (4.9%) had diagnoses of 
COVID- 19 based on symptoms or on physician diagnosis with 
positive laboratory tests. In comparison, the C19- GRA physician 
registry had 360 patients with diagnoses of COVID- 19. While we 
expect the physician registry to provide more detailed data about 
the clinical course of COVID- 19 in patients with rheumatic dis-
eases, the Patient Experience Survey should complement that 
work and reveal how our patient community is managing during 
this pandemic.

The robust survey response also illustrates an often- untapped 
resource: our patients and the benefit they can provide to the 
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research process and generation of data. The results of both the 
C19- GRA physician registry and the Patient Experience Survey 
will provide insight into the treatment strategies, disease activity, 
behavioral impacts, and experiences of patients with rheumatic 
disease with and without a COVID- 19 diagnosis. Our ability to 
quickly engage all stakeholders in the rapid development and dis-
semination of this survey provides an exemplary model of patient–
patient organization–physician collaboration, albeit triggered by an 
ugly pandemic.
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Dietary Omega Polyunsaturated Fatty Acid Intake 
and Patient- Reported Outcomes in Systemic Lupus 
Erythematosus: The Michigan Lupus Epidemiology and 
Surveillance Program
Prae Charoenwoodhipong,1 Sioban D. Harlow,1 Wendy Marder,1  Afton L. Hassett,1 W. Joseph McCune,1 
Caroline Gordon,2 Charles G. Helmick,3 Kamil E. Barbour,3 Lu Wang,1 Peter Mancuso,1 Emily C. Somers,1  and 
Suzanna M. Zick1

Objective. To examine associations between dietary intake of omega- 3 (n- 3; generally antiinflammatory) and 
omega- 6 (n- 6; generally proinflammatory) fatty acids and patient- reported outcomes in systemic lupus erythematosus 
(SLE).

Methods. This study was based on the population- based Michigan Lupus Epidemiology and Surveillance cohort. 
Estimates of n- 3 and n- 6 intake were derived from Diet History Questionnaire II items (past year with portion size 
version). Patient- reported outcomes included self- reported lupus activity (Systemic Lupus Activity Questionnaire 
[SLAQ]). Multivariable regression, adjusted for age, sex, race, and body mass index, was used to assess associations 
between absolute intake of n- 3 and n- 6, as well as the n- 6:n- 3 ratio, and patient- reported outcomes.

Results. Among 456 SLE cases, 425 (93.2%) were female, 207 (45.4%) were African American, and the mean ± 
SD age was 52.9 ± 12.3 years. Controlling for potential confounders, the average SLAQ score was significantly higher 
by 0.3 points (95% confidence interval [95% CI] 0.1, 0.6; P = 0.013) with each unit increase of the n- 6:n- 3 ratio. Both 
lupus activity and Patient- Reported Outcomes Measurement Information System (PROMIS) sleep disturbance scores 
were lower with each 1- gram/1,000 kcal increase of n- 3 fatty acids (SLAQ regression coefficient β = –0.8 [95% CI 
–1.6, 0.0]; P = 0.055; PROMIS sleep β = –1.1 [95% CI –2.0, –0.2]; P = 0.017). Higher n- 3 intakes were nonsignificantly
associated with lower levels of depressive symptoms and comorbid fibromyalgia, and with higher quality of life, 
whereas results for the n6:n3 ratio trended in the opposite direction.

Conclusion. This population- based study suggests that higher dietary intake of n- 3 fatty acids and lower n- 6:n- 3 
ratios are favorably associated with patient- reported outcomes in SLE, particularly self- reported lupus activity and 
sleep quality.

INTRODUCTION

Systemic lupus erythematosus (SLE) is one of a number of 
rheumatic and musculoskeletal diseases (1) and is associated 
with substantial comorbidities, including renal impairment and 
premature cardiovascular disease (2,3). In general, advances 
in diagnosis and management have led to improved outcomes 
for patients with SLE (4). However, fatigue, poor sleep, chronic 

and often widespread pain, depression, and diminished quality 
of life remain challenging and prevalent issues for patients with 
SLE. As many as 85% of patients with SLE report significant lev-
els of persistent fatigue (5), 57% ongoing issues with sleep (6), 
75% depressive disorders (7), and >20% chronic pain pervasive 
enough to meet criteria for comorbid fibromyalgia (8). Nonphar-
macologic interventions that address these persistent symptoms 
could have a significant impact on quality of life for patients with 
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SLE. Modification of dietary polyunsaturated fatty acid (PUFA) 
intake could be one such approach.

Omega- 3 (n- 3) PUFA, found in fatty fish, nuts, seeds, and 
oils, and consumed at relatively low levels in the US diet, have 
been found to have antiinflammatory and immunomodulatory 
effects (9,10). In contrast, omega- 6 (n- 6) PUFA, including linoleic 
acid and arachidonic acid, are generally considered proinflamma-
tory (9,10) and are ubiquitous in the US food supply (e.g., corn 
and soybean oils) (11). Due to the uneven distribution of n- 6 and 
n- 3 fatty acids in the food supply, the ratio of n- 6:n- 3 consumption 
in the US is as high as 15:1 (11). The substantially higher intake 
of n- 6 fatty acids is thought to adversely impact health; products 
derived from n- 6 fatty acids include inflammatory eicosanoids (i.e., 
prostaglandin E2), as compared to eicosanoids derived from n- 3s, 
which are considered antiinflammatory substances (i.e., prosta-
glandin E3) (10–12). Because n- 6 and n- 3 compete for the same 
desaturation and elongation enzymes (13), both high absolute lev-
els of n- 6 consumption, as well as high ratios of n- 6 relative to n- 3, 
may contribute to a systemic proinflammatory state and immune 
dysfunction (13–15). Studies in lupus- prone mouse models have 
reported favorable effects associated with n- 3 fatty acid consump-
tion, including reduced levels of autoantibodies, proteinuria, and 
glomerulonephritis, as well as down- regulation of relevant CD4+  
T cell–associated genes (16). An intriguing study found that dietary 
enrichment with the n- 3 fatty acid docosahexaenoic acid (DHA) in 
lupus- prone NZBWF1 mice suppressed crystalline silica–induced 
autoimmunity in a dose- response fashion, including inhibition of 
proinflammatory cytokines and reduced glomerulonephritis (17). 
However, precise mechanisms concerning PUFA- related immuno-
modulation and lupus outcomes require further elucidation.

Four human studies of n- 3 supplementation have reported 
improved lupus disease activity compared to placebo groups 
(18–21), while others have detected no differences (22–24). One 
of the clinical trials examined the impact of n- 3 supplementation 
on quality of life and common symptoms such as pain and fatigue 
in SLE and found trends toward improvement (21). However, 
studies in SLE have focused primarily on n- 3 supplementation, 
not dietary intake of fatty acids. In contrast to trials of individual 
supplements, measures of routine dietary intake allow for more 
comprehensive profiling of nutrient exposures (including n- 6 fatty 
acids and the n- 6:n- 3 ratio) and may reflect more stable or habit-
ual patterns of exposure over time.

We performed a cross- sectional study within the population- 
based Michigan Lupus Epidemiology and Surveillance (MILES) 
cohort, to assess the association between dietary intake of n- 3 
and n- 6 fatty acids and their ratio on patient- reported outcomes 
of SLE disease activity, quality of life, fatigue, pain, depression, 
and sleep. We anticipated that higher dietary intakes of n- 3 fatty 
acids and lower ratios of n- 6:n- 3 would be associated with more 
favorable patient- reported outcomes.

PATIENTS AND METHODS

Study population. This study was based on data from the 
MILES cohort, a population- based cohort of individuals with SLE 
from southeastern Michigan. Ethics approval was obtained from 
the institutional review boards of the University of Michigan and the 
Michigan Department of Health and Human Services, and cohort 
participants signed written, informed consent. Lupus cases for 
the MILES cohort were recruited from the MILES Surveillance 
Registry, one of the National US Lupus Registries supported by 
the Centers for Disease Control and Prevention and described 
elsewhere (2,25). Briefly, the MILES registry included individuals 
who were residents of Wayne or Washtenaw counties in Michigan 
(which encompass a source population of approximately 2.4 mil-
lion and include the cities of Detroit and Ann Arbor) during 2002–
2005, and with a new or existing diagnosis of SLE during this 
calendar period. Baseline enrollment for the MILES cohort was 
conducted between February 2014 and September 2015.

Baseline characteristic variables. Sociodemographic 
variables (e.g., race, ethnicity) were based on self- report. Height 
and weight were measured at the research clinic visit, and 
body mass index (BMI) was computed as weight divided by 
height squared (kg/m2).

Dietary assessment and omega fatty acid variables. 
Dietary intake was assessed using an abbreviated version of the 
Diet History Questionnaire II (DHQ II; past year version, with por-
tion size) (26) by the National Cancer Institute Epidemiology and 
Genomic Research Program, that focused on fatty foods (see 
Supplementary Table 1, available on the Arthritis Care & Research 

SIGNIFICANCE & INNOVATIONS
• This is the first study to show that lower dietary 

intake levels of omega-6 (proinflammatory) fatty 
acids and higher dietary intake levels of omega-3 
(antiinflammatory) fatty acids are favorably associ-
ated with patient-reported outcomes in lupus, in-
cluding decreased lupus activity and better sleep 
quality.

• The finding that dietary intake levels of omega-6 
and omega-3 fatty acids appeared to oppose one 
another, including after adjustment for omega-3 
supplement use (fish and/or flaxseed oil), suggests 
that use of supplements alone might be less like-
ly than a broader dietary approach to influence  
patient-reported outcomes in lupus.

• This study should prompt health care providers to 
consider reviewing the US Department of Agricul-
ture 2015–2020 Dietary Guidelines for Americans 
with their patients with systemic lupus erythemato-
sus to promote intake of fatty fish, nuts, and seeds, 
thereby encouraging a better balance of fatty acids 
from dietary sources.
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web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23925/ 
abstract). Diet*Calc software, version 1.5.0 (27), was used to 
link dietary data to nutrient databases from the US Department 
of Agriculture (USDA) (for n- 6) and the Nutrition Data System for 
Research (NDSR) (for n- 3) for generation of nutrient intake esti-
mates (28). The Diet*Calc/NDSR n- 3 fatty acid variable repre-
sented the sum of the following fatty acids: alpha- linolenic acid 
(18:3n- 3), parinaric acid (18:4n- 3), eicosapentaenoic acid (EPA; 
20:5n- 3), docosapentaenoic acid (22:5n- 3), and DHA (22:6n- 3) 
(29). Omega- 6 was calculated as total octadecadienoic acid or 
linoleic acid (18:2n- 6).

Total n- 3 and n- 6 were adjusted for fat calorie intake (per 
1,000 kcal) to remove extraneous variation and control for con-
founding (30). The fat energy–adjusted n- 3 and n- 6 variables were 
used as independent variables in the multivariable models and to 
compute the n- 6:n- 3 ratio. While the dietary assessment did not 
include quantification of supplement use, omega- 3 supplements 
(fish oil and flaxseed oil) were recorded as yes/no if used more 
than once per week. Thus, in secondary models, we included 
omega- 3 supplement use as a binary covariate.

Patient- reported outcomes measures. Detailed socio-
demographic and patient- reported outcome data were collected 
at baseline and included the measures described below. The 
Systemic Lupus Activity Questionnaire (SLAQ) (31) was used to 
assess SLE disease activity. The SLAQ is a self- administered 
tool developed for epidemiologic studies and is not intended for 
clinical management. It includes 24 symptom questions and a 
numerical rating scale assessing disease activity during the past 
3 months. The SLAQ yields scores ranging from 0 to 47, with 
higher scores indicating greater disease activity.

The Survey Criteria for Fibromyalgia (FM Scale) (32) was used 
to assess the presence of fibromyalgia/widespread pain. The FM 
Scale consists of the widespread pain index that provides a count 
of the number of body regions reported as painful by the patient 
(range 0–19) and the symptom severity scale that assesses 
fatigue, nonrefreshing sleep, cognitive problems, and the extent of 
somatic symptoms (range 0–12). Based on the FM Scale, partic-
ipants were classified as fulfilling criteria for fibromyalgia if the fol-
lowing were met: widespread pain index ≥7 and symptom severity 
≥5, or widespread pain index of 3–6 and symptom severity ≥9; 
and with symptoms present at a similar level for at least 3 months 
in the absence of a disorder that would otherwise explain the pain.

The Patient- Reported Outcomes Measurement Informa-
tion System (PROMIS) depression short form, version 1.0, is an 
8- item measure used to assess self- reported negative mood, views 
of self, and social cognition, as well as positive affect and engage-
ment. Scores can range from 37.1 to 81.1, with higher scores rep-
resenting worse depressive symptoms (33). The PROMIS sleep 
disturbance short form, version 1.0, is an 8- item measure used 
to assess perception of sleep quality, which includes sleep depth 
and restoration associated with sleep. Scores range from 28.9 

to 76.5, with higher scores representing worse sleep disturbance 
(34).

The RAND Medical Outcomes Study Short Form 36 (SF- 36) 
instrument (35) was used to measure health- related quality of life 
(HRQoL). It is a self- report questionnaire consisting of 36 items 
aggregated to score 8 subscales related to physical and mental 
health. Subscales include physical functioning, role physical, 
bodily pain, general health, energy/fatigue, social function, 
role emotional, and mental health. The subscale scores are 
normalized for a mean ± SD of 50 ± 10; higher scores indicate 
better HRQoL.

The Lupus Quality of Life Questionnaire (LupusQoL) (36) was 
used to assess disease- specific quality of life. The LupusQoL is a 

Table  1. Baseline characteristics and patient- reported outcome 
scores among patients with systemic lupus erythematosus (n = 
456)*

Characteristic Value
Age, mean ± SD years 52.9 ± 12.3
Female, no. (%) 425 (93.2)
Race, no. (%)

White 235 (51.5)
African American 207 (45.4)
Asian 4 (0.9)
Other/unspecified 10 (2.2)

Hispanic ethnicity, no. (%) 17 (3.7)
Body mass index, mean ± SD kg/m2 30.0 ± 8.0
Fat energy intake, mean ± SD kcal 131.0 ± 151.4
Dietary n- 3 intake, grams/1,000 kcal 3.1 ± 0.9 (0.7–7.2)
Dietary n- 6 intake, grams/1,000 kcal 20.1 ± 7.5 (5.0–36.7)
Flaxseed and/or fish oil supplement 

use, no. (%)
112 (26.8)

Patient- reported outcomes
SLAQ 13.0 ± 8.0 (0–38)
FM Scale positive, no. (%) 188 (41.2)
PROMIS depression 51.8 ± 9.9 (37.1–81.1)
PROMIS sleep disturbance 56.5 ± 8.8 (28.9–76.5)
SF- 36 subscales

Physical functioning 56.2 ± 30.2 (0–100)
Role functioning/physical 41. 8 ± 42.5 (0–100)
Role functioning/emotional 58.1 ± 43.5 (0–100)
Energy/fatigue 39.8 ± 21.9 (0–100)
Emotional/well- being 69.5 ± 19.2 (4–100)
Social functioning 64.3 ± 29.0 (0–100)
Pain 51.8 ± 27.0 (0–100)
General health 42.1 ± 23.8 (0–100)

LupusQoL domains
Physical health 65.0 ± 27.3 (0–100)
Pain 63.7 ± 28.6 (0–100)
Planning 74.4 ± 28.3 (0–100)
Intimate relationships 70.7 ± 33.7 (0–100)
Burden to others 65.5 ± 31.9 (0–100)
Emotional health 80.7 ± 20.0 (8.3–100)
Body image 74.8 ± 24.6 (0–100)
Fatigue 61.6 ± 26.5 (0–100)

* Values are the mean ± SD (range) unless indicated otherwise.
Sample sizes for variables with >1% missing: Lupus Quality of 
Life Questionnaire (LupusQoL) intimate relationships (n = 392); 
LupusQoL body image (n = 402). SLAQ = Systemic Lupus Activity 
Questionnaire; FM Scale = Survey Criteria for Fibromyalgia; PROMIS =  
Patient- Reported Outcome Measurement Information System;  
SF- 36 = Medical Outcomes Study Short Form 36 instrument. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23925/abstract
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34- item scale, and scores are aggregated into 8 subscales includ-
ing physical health, emotional health, body image, pain, planning, 
fatigue, intimate relationships, and burden to others. Scores range 
from 0 to 100, with higher scores indicating better HRQoL.

Statistical analysis. Descriptive statistics were computed, 
with mean ± SD for continuous variables, and frequency and per-
centage for categorical variables. Univariate logistic or linear regres-
sion were performed for dichotomous and continuous outcomes, 
respectively, to examine the associations between fat energy–
adjusted fatty acid intake (n- 3, n- 6, and the ratio of n- 6:n- 3) and 
patient- reported outcomes. Outcomes for linear regression mod-
els were normally distributed. Separate models were constructed 
for each patient- reported outcome. Multivariable models were 
adjusted for covariates determined a priori to be relevant to the 
exposures and outcomes based on prior research (age, sex, race, 
and BMI in primary models; secondary models also included n- 3 
supplement use) (37–40). Effect estimates from the multivariable 
logistic models (odds ratios [ORs]) and linear regression models 
(beta coefficients, mean outcome changes associated with 1- unit 
change of the covariate) with 95% confidence intervals (95% CIs) 
are shown. Electronic data capture and management used the 
REDCap tools hosted at the University of Michigan (41). Statistical 

analysis was conducted using SPSS Statistics software, version 
23, and Stata software, version 14.

RESULTS

At the baseline visit, 462 lupus cases were enrolled, of whom 
456 completed the dietary questionnaire and were included in 
this study. Characteristics of the study population are shown in 
Table 1. Over 93% of the participants were female, average age 
was 53 years, and self- identified race was primarily white (52%) or 
African American (45%).

PUFA intake. The fat energy–adjusted dietary intake of 
n- 3 was mean ± SD 3.1 ± 0.9 grams/1,000 kcal (range 0.7–7.2). 
The mean n- 6 intake was mean ± SD 20.1 ± 7.5 grams/1,000 kcal 
(range 5.0–36.7). The mean ± SD n- 6:n- 3 ratio was 6.9 ± 2.9, with 
ratios ranging from 1.2 to 18.0. Use of flaxseed and/or fish oil sup-
plements was reported in 112 of 456 (26.8%) of the participants.

PUFA intake and patient- reported outcomes. Esti-
mated associations between PUFA intake and patient- reported 
outcomes from the primary models are shown in forest plots  
(Figures  1–4). These models were adjusted for sex, age, race, 
and BMI. Self- reported lupus disease activity was significantly 
associated with PUFA intake (Figure 1); for each unit increase in 
the ratio of n- 6:n- 3, the mean SLAQ score was correspondingly 
higher by 0.3 points (95% CI 0.1, 0.6; P = 0.013). Furthermore, 
an association between greater absolute n- 3 intake and reduced 

Figure 1. Associations between dietary polyunsaturated fatty acid 
intake (n- 3, n- 6, and ratio n- 6:n- 3) and patient- reported outcome 
measures for lupus activity (Systemic Lupus Activity Questionnaire 
[SLAQ]), sleep quality (Patient- Reported Outcomes Measurement 
Information System [PROMIS] sleep disturbance), and depression 
(PROMIS depression), from separate multivariable models. The 
circle, square, and triangle markers indicate regression (beta) 
coefficients, which represent mean outcome changes associated 
with each 1- unit increase of the respective polyunsaturated fatty 
acid variable; horizontal lines indicate 95% confidence intervals. 
Lower scores for the SLAQ and PROMIS measures indicate better 
outcomes (coefficients below 0 indicate favorable associations, 
and above 0 indicate unfavorable associations). The n- 3 and n- 6 
fatty acid variables were fat energy–adjusted (grams/1,000 kcal). 
Multivariable models were adjusted for the covariates sex, age, race, 
and body mass index. coeff = coefficient; DEPRESS = depression.

Figure  2. Associations between dietary fatty acid intake (n- 3, 
n- 6, and ratio n- 6:n- 3) and fulfillment of fibromyalgia (FM) survey 
criteria, from separate multivariable models. The circle, square, and 
triangle markers designate odds ratios (ORs), and horizontal lines 
indicate 95% confidence intervals. ORs below 1 indicate favorable 
associations, and above 1 indicate unfavorable associations. The n- 3 
and n- 6 fatty acid variables were fat energy–adjusted (grams/1,000 
kcal). Multivariable models were adjusted for the covariates sex, 
age, race, and body mass index.
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SLE activity bordered on significance, where for each unit increase 
of n- 3 intake, the SLAQ score was lower by 0.8 points (regression 
coefficient β = –0.8 [95% CI –1.6, 0.0]; P = 0.055). Cut points for 
clinically meaningful changes on the SLAQ have not been defined, 
but as a patient- reported outcome measure, scores represent 
activity perceptible to the patient and thus potentially meaningful 
from the patient perspective.

Perceived sleep quality (Figure 1) was also significantly asso-
ciated with PUFA intake, whereby each unit increase of n- 3 intake 
was associated with a lower mean PROMIS sleep disturbance 
score by –1.1 points (95% CI –2.0, –0.2; P = 0.017). However, the 
ratio of n6:n3 was not significantly associated with sleep distur-
bance (β = 0.2 [95% CI –0.1, 0.5]; P = 0.111). We did not detect 
significant associations for depression and PUFA intake (Figure 1) 
(n- 3 β = –0.9 [95% CI –1.9, 0.1]; P = 0.093; ratio n6:n3 β = 0.1 
[95% CI –0.2, 0.5]; P = 0.369).

We assessed 3 dimensions of pain: fibromyalgia/widespread 
pain as a dichotomous measure representing fulfillment of the FM 
Scale (Figure 2), the continuous pain subscales of the SF- 36 (Fig-
ure 3), and the LupusQoL (Figure 4). There were not significant 
associations between PUFAs and the 3 pain measures. However, 
there was an inverse association between n- 3 intake and comor-
bid FM that bordered on significance, such that with each unit 
increase of n- 3 intake, fulfillment of FM survey criteria was approx-
imately 20% lower (OR 0.82 [95% CI 0.66, 1.02]; P = 0.07).

For general and disease- specific quality of life measures (SF- 36 
and LupusQoL, respectively) (Figures 3 and 4), significant associa-
tions were not detected for any of the PUFA measures. However, 
a general trend was observed for the majority of subscales (14 of 
16), whereby higher n- 3 intakes were associated with higher sub-
scale scores, higher ratios of n- 6:n- 3 were negatively associated, 
and absolute n- 6 intake remained around a null association. For 
the SF- 36,  subscale scores that deviate from the mean of 50 
by 1 SD (SD = 10) are  generally thought to be clinically relevant. 
PROMIS measures  similarly are standardized with a mean of 50.

Secondary models were constructed including n- 3 supple-
ment use (flaxseed and/or fish oil), in addition to the other covari-
ates from the main models (see Supplementary Table 2, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23925/ abstract). There were no sub-
stantive changes to results. However, the association between 
absolute n- 3 intake and reduced SLE activity, which bordered on 
significance in the main model, now reached significance (β = –0.8 
[95% CI –1.7, 0.0]; P = 0.049).

DISCUSSION

In this population- based, cross- sectional study, lower ratios 
of n- 6 (proinflammatory) to n- 3 (antiinflammatory) fatty acids and 
higher levels of n- 3 fatty acid intake were significantly associated 

Figure 3. Associations between dietary fatty acid intake (n- 3, n- 6, 
and ratio n- 6:n- 3) and health-related quality of life, measured by the 
Medical Outcomes Study Short Form 36 (MOS SF- 36), from separate 
multivariable models. The circle, square, and triangle markers indicate 
regression (beta) coefficients, which represent mean outcome changes 
associated with each 1- unit increase of the respective polyunsaturated 
fatty acid variable; horizontal lines indicate 95% confidence intervals. 
Higher scores indicate better health- related quality of life. The n- 3 
and n- 6 fatty acid variables were fat energy–adjusted (grams/1,000 
kcal). Multivariable models were adjusted for the covariates sex, age, 
race, and body mass index. fx = functioning; coeff = coefficient. Color 
figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23925/abstract.
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Figure  4. Associations between dietary fatty acid intake (n- 3, n- 
6, and ratio n- 6:n- 3) and lupus- specific quality of life, measured 
by the Lupus Quality of Life Questionnaire (LQoL), from separate 
multivariable models. The circle, square, and triangle markers indicate 
regression (beta) coefficients, which represent mean outcome changes 
associated with each 1- unit increase of the respective polyunsaturated 
fatty acid variable; horizontal lines indicate 95% confidence intervals. 
Higher scores indicate better health- related quality of life. The n- 3 and 
n- 6 fatty acid variables were fat energy–adjusted (grams/1,000 kcal). 
Multivariable models were adjusted for the covariates sex, age, race, 
and body mass index. coeff = coefficient. Color figure can be viewed 
in the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23925/abstract.
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with improved self- reported lupus disease activity. Higher levels of 
n- 3 intake were also significantly associated with better perceived 
sleep quality. Absolute intake levels of n- 6 fatty acids, without 
accounting for n- 3 fatty acid intake, were not independently asso-
ciated with any of the patient- reported outcomes.

Across the remaining outcomes of depression, fibromyalgia, 
pain, and HRQoL, although results did not reach statistical signif-
icance, the direction and magnitudes of association were gener-
ally consistent, in that increased n- 3 intake and decreased ratios 
of n- 6:n- 3 appeared favorable, whereas n- 6 intake alone hovered 
around a null association.

Our findings of associations between PUFA intake and 
patient- reported SLE disease activity are consistent with some 
prior studies in patients with SLE. A cross- sectional study of 
patients with SLE found that adipose tissue levels of EPA and 
DHA were negatively correlated with disease activity (42). A 
4- month open- label trial of fish oil supplementation (3 grams/
day) (20), as well as 3 approximately 6- month trials of fish oil 
supplementation (3–4.5 mg/day) versus olive oil placebo, found 
decreases in SLE activity (18,19,21). However, a 12- week trial of 
fish oil (3 grams/day) versus corn starch placebo (22) and 2 small 
trials (one in pediatric lupus, the other in lupus nephritis) failed 
to detect improvement in lupus activity (23,24). With the positive 
trials having intervention periods of approximately 4–6 months, 
shorter interventions may be insufficient to impact lupus activity. 
Notably, supplement trials are not directly comparable to studies 
of dietary intake, and n- 3 doses in clinical trials often exceed 
dietary intake levels (the average n- 3 dietary intake in our lupus 
population was 0.42 grams/day, unadjusted for energy intake).

In terms of HRQoL, one of the above referenced trials in 
SLE found that none of the SF- 36 subscales was significantly 
improved after 6 months of fish oil supplementation compared 
to placebo, though there were nonsignificant trends of improve-
ment in the energy/fatigue and emotional well- being subscales in 
the fish oil group compared to placebo group (21). We likewise 
observed nonsignificant associations of benefit in these domains.

Our finding of a small but significant association between 
n- 3 intake and sleep quality is compatible with findings from a 
study from coastal Ecuador, in which higher DHA blood levels and 
oily fish consumption were significantly associated with improved 
sleep quality (43). Another study in which male forensic patients 
were randomized to consumption of fatty fish versus meat 3 times 
per week for 6 months found significantly improved sleep and daily 
functioning in the fish group (44). Further, n- 3 levels in red blood 
cells have been found to be inversely associated with obstructive 
sleep apnea severity (45). Although the mechanisms of how n- 3 
fatty acids impact sleep quality are unclear, (43) such effects might 
be due to the role that n- 3s, particularly EPA and DHA, play in 
increasing serotonin secretion (46); low serotonin levels result in 
sleep disruption and sleep disorders, including insomnia.

There are several limitations in our study. First, the abbreviated 
dietary questionnaire that we used mainly captured PUFA intake 

from cooking oil, seafood, beans and eggs, which could under-
estimate absolute PUFA intake. Although cooking oils and marine 
products are the main dietary sources of n- 3 and n- 6, we were 
unable to capture data on PUFA intake from other sources such 
as leafy greens, nuts, seeds, and meat. Quantification of n- 3 sup-
plement use was not possible given the yes/no format for sup-
plements in the dietary questionnaire; however, we included n- 3 
supplement use as a binary variable in secondary models. Thus, 
we likely underestimated both n- 3 and n- 6, though underestimation 
of n- 6 was more likely given its greater presence in the food supply. 
The average n- 6:n- 3 ratio in our study population (roughly 7:1) is 
lower than that expected from the standard American diet (up to 
15:1) (11). In comparison, a larger cohort study in Detroit, Michigan 
of colorectal cancer cases and controls that used a food frequency 
questionnaire assessing the entire diet found the ratio of n- 6:n- 3 to 
be approximately 10:1 (47); while this result is higher than the ratio 
in our lupus population from the same region, it is still lower than 
typically reported for the US population. There is some evidence for 
a downward shift of n- 6:n- 3 in recent years due to increased use of 
canola oil (which is n- 3 rich) in the American food supply (9).

A second limitation is that the brief dietary questionnaire lim-
ited us from calculating a global measure of diet quality, or from 
estimating total energy intake from all the food groups that can be 
used for energy adjustment. The energy adjustment from only fat 
intake might overestimate the energy- adjusted absolute amount 
of PUFAs. Dietary questionnaires are also subject to recall bias 
and are less quantitative than biomarker measurements. How-
ever, a strength of dietary questionnaires is that they cover aver-
age intake over preceding months and not exposure at a single 
time point. Another limitation was that our outcome measure for 
lupus activity (SLAQ) was based on self- report. While this tool has 
been validated for epidemiologic research and is a preferred tool 
for self- reported lupus activity measurement, tools that incorpo-
rate rheumatologist assessment and laboratory findings are the 
gold- standard for use in a clinical setting.

Unfortunately, the clinician- centric tools are rarely feasible in 
epidemiologic field research. In addition, while we adjusted for 
potential confounders in multivariable models, unrecognized con-
founders may not have been accounted for, which would result 
in residual confounding. Finally, the cross- sectional nature of our 
study did not allow for exploration of temporality or causal effects 
of variations in PUFA intake on disease outcomes.

Future research should focus on examination of PUFA intake 
from all dietary sources and supplements and should also incor-
porate objective measurement of PUFAs in blood. More refined 
PUFA measurement would increase the accuracy and precision 
of estimated relationships between PUFA and outcomes in SLE. 
Randomized clinical trials of n- 3 rich diets are also warranted to 
assess causality.

In the absence of dietary trials manipulating PUFA levels in 
SLE, review of the USDA 2015–2020 Dietary Guidelines for Amer-
icans might be considered as part of patient education. These 
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guidelines recommend that adults eat at least 8 ounces of sea-
food per week, with a target intake of at least 250 mg per day 
of the omega- 3 fatty acids EPA and DHA. However, awareness  
of seafood advisories and US Food and Drug Administration/ 
Environmental Protection Agency advice on the best seafood 
choices should be included (48), so that species most likely to 
be contaminated with toxicants such as mercury can be avoided. 
While the seafood guidelines are targeted to children and women 
of reproductive age, they may also be of particular relevance to 
lupus and autoimmune populations, because even low- levels 
of methylmercury exposure (for which the primary route of expo-
sure is ingestion of contaminated seafood) have been associated 
with autoantibody positivity (49). Species of fish high in omega- 3 
and low in mercury include salmon and sardines. The USDA 
Dietary Guidelines also recommend consuming 1 oz per day 
(approximately one- fourth cup) of nuts and seeds, with particular 
emphasis on those high in n- 3s, such as flaxseeds, walnuts, and 
chia seeds, and shifting to canola oil in cooking (50). Adherence 
to the above guidelines would be expected to favorably shift per-
sonal n- 6:n- 3 ratios.

In conclusion, lower ratios of n- 6:n- 3 and higher absolute  
levels of n- 3 fatty acids in the diet of individuals with SLE were sig-
nificantly associated with lower self- reported lupus disease activity 
scores and with better sleep quality, and trended toward favorable 
associations with a range of patient- reported outcomes of clinical 
importance in SLE, including pain, depression, and quality of life. 
Given that treatment of lupus frequently requires multiple phar-
macologic agents, a nonpharmacologic intervention that could 
target various comorbidities is a particularly attractive prospect. 
Future studies are needed to help elucidate the mechanisms by 
which PUFAs impact outcomes in lupus, and to assess whether 
dietary manipulation of PUFAs can translate into clinically mean-
ingful disease control. In the meantime, nutritional education on 
omega- 3 rich seafood (low- mercury species), nuts, seeds, and 
seed oils may be beneficial for SLE patients.
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Five- Year Follow- Up of Coronary Microvascular  
Dysfunction and Coronary Artery Disease in  
Systemic Lupus Erythematosus: Results From a 
Community- Based Lupus Cohort
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Objective. The present study was undertaken to investigate prospective change in the prevalence of coronary 
microvascular dysfunction (CMD) and obstructive coronary artery disease (CAD) in a cohort of subjects with systemic 
lupus erythematosus (SLE) initially evaluated for anginal chest pain (CP). Prior work documented a relatively high 
prevalence of CMD in the absence of obstructive CAD in subjects with SLE.

Methods. Twenty female SLE subjects with CP who underwent stress cardiac magnetic resonance imaging 
(CMRI) and coronary computed tomography angiography at baseline were reevaluated at 5 years.

Results. Seventeen subjects (85%) were available and reenrolled, of which 11 (65%) had persistent CP at follow- 
up. Fourteen subjects had complete follow- up CMRI, of which 36% (n = 5) demonstrated CMD at follow- up. Further, 
25% (1 of 4) of the originally abnormal myocardial perfusion reserve index (MPRI) findings at baseline were lower 
at follow- up, while 2 additional abnormal MPRI findings at follow- up were noted in previously normal MPRI results. 
The prevalence of CMD and nonobstructive/obstructive CAD both was unchanged between baseline and follow- 
up, respectively (both P values not significant). During follow- up, 33% of subjects (5 of 15) had adverse cardiac 
outcomes, including pericarditis, unstable angina, or intracranial aneurysm clipping procedure.

Conclusion. At the 5- year follow- up of SLE subjects with CP who were evaluated at baseline and follow- up, 
a majority had persistent CP, and nearly one- half had similar or worse myocardial perfusion consistent with CMD 
without obstructive CAD. These findings propose an alternative explanation for CP in SLE subjects compared to the 
more common SLE- related accelerated obstructive CAD accounting for CP and adverse outcomes. These findings 
support further studies of CMD as an etiology for cardiac morbidity and mortality in SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a female- predominant, 
systemic autoimmune disease with cardiovascular disease (CVD) 
as a leading cause of morbidity and mortality. CVD in SLE appears 
to have a complex pathogenesis that is incompletely understood 
and has traditionally been attributed to accelerated atheroscle-
rosis and obstructive coronary artery disease (CAD) (1,2). While 

obstructive CAD has historically been thought to be a disease of 
older men, individuals with SLE (female- predominant and often 
occurring in the child- bearing years) bear a CVD incidence and 
adverse cardiac event rate of >7 times the general population 
(1). We have previously described a high prevalence of coro-
nary microvascular dysfunction (CMD) in women with evidence 
of ischemia in the absence of obstructive CAD that is associated 
with adverse CVD outcomes (3). Multiple additional contemporary 
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studies report that CMD and associated myocardial ischemia due 
to endothelial and nonendothelial pathways have an associated 
increased risk of major adverse cardiac events (3–9). Furthermore, 
ischemic heart disease related to CMD more commonly occurs in 
women, is frequently characterized as atypical, and has an annual 
new myocardial scar rate of ~2%, often not detected clinically, as 
we and others have published (10).

Traditional CAD diagnostics can fail to detect nonobstructive 
CAD and CMD. Advanced noninvasive assessment by cardiac 
magnetic resonance imaging (CMRI) has the capacity to iden-
tify myocardial ischemia indicated by subendocardial perfusion 
abnormalities and abnormal myocardial perfusion reserve index 
(MPRI) values in women in the absence of obstructive CAD (11). 
We have previously demonstrated a high (44%) prevalence of 
CMD in a cohort of 20 female subjects with SLE and chest pain 
in the absence of obstructive CAD (12). To further understand 
the pathophysiology of CVD in SLE and the clinical significance 
of the findings of CMD in a lupus cohort, we performed a 5- year  
follow- up study to evaluate serial changes in the chest pain, CMD, 
and obstructive CAD in subjects from the original cohort.

SUBJECTS AND METHODS

Inclusion and exclusion criteria. Inclusion criteria con-
sisted of the original 20 female SLE subjects (ages 23–59 years 
at baseline) with chest pain, who have previously been described 
(12). Briefly, eligible subjects were recruited from the rheumatology 
clinic if they had experienced anginal chest pain and no obstruc-
tive CAD by coronary computer tomography angiography (CCTA) 
at baseline. Subjects were excluded from the follow- up imag-
ing study if they were pregnant or had new contraindications to 
CCTA or CMRI, as previously detailed (13), but were still included 
in the nonimaging follow- up. This study was approved by the 

 institutional review board at Cedars- Sinai Medical Center (CSMC), 
and all participants gave informed consent prior to baseline and 
follow- up study participation.

Assessment of cardiac risk factors and events. Clin-
ical information was obtained by subject interview and review 
of medical records. Chest pain evaluation entailed completion of 
standardized chest pain symptom questionnaires and quality of 
life measures relative to chest pain (13,14) in addition to a demo-
graphic questionnaire (15).

Traditional cardiovascular risk factor data (diabetes mellitus, 
smoking, hypertension, hyperlipidemia) and body mass index 
were collected, in addition to Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI) calculations (16) and data on 
treatment with hormones, antimalarials or other SLE medications, 
nonsteroidal antiinflammatory drugs, cytotoxic drugs, and ste-
roids (including dose and duration).

Traditional cardiac risk factors and the Framingham, Reyn-
olds, and American College of Cardiology (ACC)/American Heart 
Association (AHA) risk scores were calculated. Additional medi-
cation history was obtained, focusing on antihypertensive agents, 
nitrates, and lipid- lowering agents.

CMRI. Using our published protocol, enrolled subjects 
underwent baseline and follow- up adenosine stress CMRI scans 
using a 1.5T scanner (Siemens Sonata) with gadolinium first- pass 
perfusion followed by rest, first- pass perfusion, function, myocar-
dial characterization (T2), and delayed enhancement imaging (17) 
and analyzed in the CSMC CMRI Core Laboratory. Left ventricu-
lar function, volumes, cardiac output, and mass were analyzed 
using quantitative CMRI analysis software (Pie Medical Imaging) 
(18,19). MPRI values were derived from the total myocardium and 
subendocardial and subepicardial layers, as previously described 
(12,20). Of the 15 subjects who underwent follow- up imaging, 1 
declined the CMRI because of gadolinium allergy.

CCTA. Subjects underwent baseline and follow- up CCTA 
using a 64- slice dual source Definition scanner (Siemens Medi-
cal Systems) at CSMC. Images were analyzed by consensus of 
2 experienced imaging cardiologists (LEJT and DSB) blinded to 
the clinical data, who reported the coronary artery calcium (CAC) 
score, type (calcified, noncalcified, mixed), location of each coro-
nary plaque, and the degree of coronary luminal narrowing to the 
CSMC CCTA Core Laboratory.

Statistical analysis. Measurements are expressed 
as mean ± SD. An abnormal CMRI finding was defined as visual 
evidence of subendocardial perfusion abnormality (≥5%), MPRI 
value of ≤1.84, or the presence of late gadolinium enhance-
ment. Obstructive CAD was defined as any epicardial stenosis 
≥50% luminal stenosis in ≥1 coronary artery, while nonobstruc-
tive CAD was defined as evidence of atherosclerotic plaque of 

SIGNIFICANCE & INNOVATIONS
• Cardiovascular disease (CVD) is a major contrib-

utor to morbidity and mortality in systemic lupus 
erythematosus (SLE), presumed to be due to accel-
erated obstructive coronary artery disease (CAD). 
Traditional cardiac risk factors do not adequately 
explain the observed CVD risk in SLE.

• While prior research focused on obstructive CAD, 
our research suggests that coronary microvascular 
dysfunction (CMD) measured by cardiac magnetic 
resonance imaging (CMRI) plays a role in SLE.

• Our results challenge the theory of SLE-related ac-
celerated CAD. Specifically, obstructive CAD is not 
related to persistent chest pain, while worsened ev-
idence of CMD is associated with persistent chest 
pain. CMRI allows for a noninvasive evaluation of 
CVD including CMD, which appears to be prevalent 
in SLE.
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<50% in all coronary arteries with or without calcification. With 
the goal of minimizing intraobserver variability, interval change 
in MPRI values was determined by 1 observer using the same 
original software. For comparison of MPRI values, CCTA results, 
and chest pain symptoms between baseline and follow- up,  
Wilcoxon’s signed rank test was applied.

RESULTS

Of the 20 female subjects with SLE who were enrolled in the 
baseline study, 19 were available for follow- up. Two subjects sub-
sequently declined to participate, resulting in reenrollment of 17 
subjects (85%). Two subjects were then excluded from advanced 
imaging due to development of comorbidities that limited physical 
access to imaging follow- up (i.e., use of a wheelchair in 1 subject 
and breastfeeding in the other).

Subject characteristics. Baseline demographic informa-
tion, clinical and laboratory characteristics, and cardiac risk factors 
in the 17 subjects available for follow- up are included in Table 1, 
showing a relatively young female cohort with a low prevalence of 
traditional cardiac risk factors and a generally mild severity of SLE 
disease activity. The 10- year Framingham Risk Score was ≤1% 
in all subjects (21), as were the Reynolds Risk Score (22) and the 
ACC/AHA Arteriosclerotic Cardiovascular Disease (ASCVD) Risk 

Score (23).

Symptom change and event follow- up. Overall, 11 of 
17 subjects (65%) had persistent anginal chest pain at 5- year 
follow- up. While none of the subjects reported an interval myo-
cardial infarction, stroke, or revascularization procedure at 5- year 
follow- up, 1 subject reported pericarditis, 3 reported hospitaliza-
tion for acute coronary syndrome/unstable angina, and 1 had an 
intracranial vascular aneurysm clipping procedure. The 3 of 17 
hospitalizations (18%) for >5 years resulted in a 0.9% annual rate, 
comparable to prior published rates in women with signs and 
symptoms of ischemia but no obstructive CAD (24).

Change in CAD measured by CCTA. Three subjects 
demonstrated progression to nonobstructive or obstructive 
CAD. On their baseline evaluation, 2 of these subjects had 
nonobstructive CAD demonstrated by noncalcified plaque with 
<50% stenosis, and 1 subject was normal at baseline. This sub-
group was older (average age 59 years versus 48 years) and 2 
of the 3 subjects reported current smoking at follow- up. One 
subject with progressive plaque, age 57 years, also had a new 
subepicardial myocardial scar on CMRI. Two of the 15 subjects 
(13.3%) undergoing imaging demonstrated nonobstructive CAD 
with CAC scores of 14.9 (baseline CAC 0) and 28.4 (baseline 
CAC 5.9), and 1 subject (6.7%) had obstructive CAD with a CAC 
score of 312.1. All subjects with CAD reported chest pain in the 
preceding 4 weeks.

Change in CMD measured by CMRI. All subjects had 
normal left ventricular ejection fraction on CMRI at baseline and 
follow- up. In total, 36% of subjects (5 of 14) had CMD at fol-
low- up, 60% of whom (3 of 5) demonstrated persistently abnor-
mal MPRI findings compared to baseline, while 40% (2 of 5) 
presented newly abnormal findings from previously normal MPRI 
findings. Additionally, 75% of subjects (3 of 4) with persistent 
CMD demonstrated improved MRPI results from baseline. Of 
note, all subjects with improved CMRI findings were receiving 

Table  1. Follow- up demographic, clinical, and laboratory 
characteristics and cardiac risk factors (n = 17) compared to baseline 
(n = 20) for study participants*

Baseline 
(n = 20)

Five- year follow- up 
(n = 17)

Age, years 40.6 46.2 (29–65)
Body mass index, kg/m2  

 (range)
25.8 (18–42) 26 (18–45)

Demographics
White, Hispanic 6 (30) 6 (35)
White, non- Hispanic 11 8 (47)
Black 1 1 (6)
Asian 1 1 (6)
Mixed 1 1 (6)

SLE disease duration, 
 no. years (range)

12.8 (2–37) 18.9 (7–42)

SLEDAI score
0 3 5
1–5 10 8
6–10 5 3
>10 0 1

Medication, current
Azathioprine 2 (10) 1 (6)
Hydroxychloroquine 12 (60) 12 (71)
Methotrexate 2 (10) 1 (6)
Mycophenolate mofetil 3 (15) 2 (12)
Corticosteroids within 

past 1 year
16 (80) 7 (41)

Hormone replacement 
therapy

6 (30) 5 (29)

Aspirin Not collected 10 (59)
Beta- blocker 1 (5) 6 (35)
ACE inhibitor/ARB 1 (5) 2 (12)
Cholesterol- lowering 

agent
1 (5) 7 (41)

Baseline laboratory 
 values
Positive ANA 20 (100) ND
Positive dsDNA 

antibody
11 (55) ND

Smoking history (ever) 1 (5) 6 (35)
Diabetes mellitus 0 (0) 2 (12)
Hyperlipidemia 1 (5) 5 (29)
Menopausal status 6 (30) 10 (59)
Chest pain in preceding  

 4 weeks
Not collected 11 (65)

Reynolds Risk Score, % ≤1 ≤1
* Values are the number (%) unless indicated otherwise. SLE = systemic
lupus erythematosus; SLEDAI = Systemic Lupus Erythematosus 
Disease Activity Index; ACE = angiotensin- converting enzyme; ARB = 
angiotensin receptor blocker; ANA = antinuclear antibody; ND = not 
determined; dsDNA = double- stranded DNA. 
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aspirin, beta- blocker therapy, and a cholesterol- lowering agent 
at follow- up (Table 1).

The overall group mean MPRI result was not significantly 
different from baseline and follow- up (mean ± SD 2.03 ± 0.39 
versus 2.12 ± 0.58, respectively; P not significant). Among the 11 
subjects with persistent chest pain within 4 weeks of follow- up 
visit, 5 of 11 (45%) had abnormal MPRI values at follow- up. 
Table 2 lists all subjects who had any imaging abnormality, either 
at baseline or 5- year follow- up. When categorized as to the pre-
viously described MPRI threshold of ≤1.84 consistent with CMD 
(23), among the 4 subjects with a baseline MPRI value of ≤1.84, 
3 again demonstrated an MPRI value of ≤1.84, while 1 subject’s 
MPRI value exceeded 1.84. Two subjects with an MPRI value of 
>1.84 at baseline had values of ≤1.84 at follow- up. Only 1 subject 
(25%) with a baseline abnormal MPRI value demonstrated a lower 
MPRI at follow- up (P not significant). Further review of the data 
demonstrated that 4 of 5 subjects with abnormal follow- up MPRI 
results (≤1.84) were obese, had an elevated serum C- reactive pro-
tein (CRP) level, and/or reported a current or prior history of smok-
ing and current treatment with systemic steroids. At follow- up, all 
subjects with abnormal MPRI results also reported depression, for 

which they were receiving therapy.
In reviewing visual perfusion defects on CMRI, 4 of 14 sub-

jects (29%) demonstrated abnormal hypoperfusion without evi-
dence of CAD on CCTA. One subject, age 57 years, had abnormal 
follow- up CMRI results with obstructive CAD on CCTA and new 

scar formation that was not seen on baseline imaging (Figure 1). 
She lacked a family history of CVD, denied a history of smoking, 
and had a body mass index of 18 kg/m2 and SLEDAI score of 0. 
However, she did have depression, anxiety, and hypertension and 
reported treatment with statin medication, hormone replacement 
therapy, and prednisone medication.

DISCUSSION

At the 5- year follow- up of SLE subjects with chest pain 
evaluated at baseline and follow- up with advanced imaging, 
including CMRI and CCTA, a majority (11 of 17, 65%) had per-
sistent anginal chest pain, of which 45% (5 of 11) demonstrated 
CMD mea sured by CMRI. Interestingly, 75% of subjects (3 of 
4) with baseline CMD demonstrated improvement at follow- up 
CMRI, 1 of whom showed resolution of prior findings. Regarding 
information on interval therapy, Table  1 demonstrates a higher 
use of cardiac medication at follow- up compared to baseline. 
Relative to specific cardiac therapy and patient improvement, we 
note that all individuals with improved CMRI findings (3 of 4, 75%) 
were concomitantly receiving aspirin, beta- blocker therapy, and 
a cholesterol- lowering agent at follow- up, consistent with a prior 
study by our group and colleagues linking cardiac therapy with 
improved CMD measured by the MPRI (25).

Based on these findings, we propose an alternative explana-
tion for chest pain in SLE patients compared to the traditional con-

Table 2. Results for cardiac magnetic resonance imaging (CMRI) and coronary computed tomography angiography (CCTA) 
at baseline and follow- up*

Subject Age, years
Baseline CMRI 
(mean MPRI)

Follow- up CMRI 
(mean MPRI) Baseline CCTA Follow- up CCTA

1 38 1.45 (abnormal) 1.78 (abnormal) Normal Normal
2 34 2.12 (normal) 1.46 (abnormal) Normal Normal
3 56 1.64 (abnormal) 1.73 (abnormal) CAC 0, LAD 

ulcerated plaque
CAC 14.9 

new plaque
4 52 1.84 (abnormal) 1.95 (normal) Normal Normal
5 57 2.15 (normal) 2.45 (abnormal; 

new scar)
Normal CAC 312.1 with 

obstructive CAD
6 59 1.62 (abnormal) 1.33 (abnormal) Normal Normal
11 65 2.05 (normal) 2.64 (normal) CAC 5.9 CAC 28.4

* MPRI = myocardial perfusion reserve index (value); CAC = coronary artery calcium (score); LAD = left anterior descending artery; 
CAD = coronary artery disease. 

Figure 1. Cardiac magnetic resonance imaging (CMRI) findings. A, First- pass perfusion, normal perfusion, midventricle (rest). B, Circumferential 
subendocardial hypoperfusion, midventricle (arrows) (stress). C, Late gadolinium enhancement demonstrating subepicardial hyperenhancement 
in the basal inferolateral wall (arrows), new compared to baseline CMRI.
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cept of SLE- related accelerated obstructive CAD as the primary 
or major cause for chest pain and adverse CVD events in SLE. 
These preliminary findings support further studies in CMD as an 
etiology for cardiac morbidity and mortality in SLE.

Despite the evidence of myocardial ischemia on CMRI, 
obstructive CAD on CCTA was most often not present in this 
cohort at baseline or follow- up. The CVD risk scores, including 
the Framingham (21), Reynolds (22), and ASCVD (23) risk scores, 
were all <1% for 10- year CVD risk in our subjects. These results 
support prior reports that underestimate the prevalence of CVD 
risk in subjects with SLE (21,26).

These data bring to the foreground the possibility of differ-
ent CVD phenotypes in SLE. Heretofore, prior studies in the SLE 
population have demonstrated both traditional and nontraditional 
CAD risk factors that appear to play a role in endothelial dysfunc-
tion and accelerated atherosclerosis (27). Reports from the Wom-
en’s Ischemia Syndrome Evaluation (WISE) Study attribute <20% 
of conventional atherosclerosis risk factors to CMD (28), suggest-
ing alternative risk variables for CMD. Reis et al (29) identified age 
and the number of years postmenopause as correlating inversely 
with reduced coronary flow reserve, and further work is needed 
to investigate this in SLE subjects. While our sample size is lim-
ited to test associations, additional studies have associated an 
increased risk of CVD events in SLE with the use of ≥10 mg/day of 
prednisone, increased SLEDAI score, increased dsDNA titer (30), 
current smoking, longer follow- up time, and elevated CRP level 
(23,24).

Limitations of this study include the exclusion of men, 
although it is important to note that the majority of SLE subjects 
are women. Additionally, our sample size is relatively small and 
thus limits analyses relating risk factors associated with CMD 
and obstructive CAD progression. Specifically, larger studies may 
not substantiate that the subset of 4 of 5 subjects with abnor-
mal follow- up results were obese or had a history of treatment 
with steroids or smoking. However, the 5- year interval between 
assessments and use of advanced imaging to observe objec-
tive interval change in our cohort provides robustness to the 
data interpretation. Specifically, this is the first study to evaluate 
interval progression of CMRI and CCTA in subjects with SLE and 
anginal chest pain. While CMRI was used for noninvasive evalu-
ation of myocardial perfusion reserve to detect CMD rather than 
invasive coronary reactivity testing, a recent report from the WISE 
Study compared traditional (invasive) detection of coronary micro-
vascular disease by coronary reactivity testing and found that 
noninvasive CMRI assessment of MPRI values was predictive for 
presence of abnormal reactivity testing (31).

In conclusion, our 5- year follow- up evaluation documents 
a high frequency of persistent chest pain and CMD associated 
with minimal obstructive CAD in an outpatient SLE population with 
baseline chest pain. The study findings support contemplating an 
alternative etiology for persistent chest pain in lupus outside of the 
dominant paradigm of accelerated obstructive CAD as etiologic 

for chest pain and adverse CVD events in SLE. Furthermore, we 
have previously published findings on improvement in MPRI val-
ues with antiischemic treatment, implying practical applications of 
our clinical findings for improved long- term outcomes (25). Larger 
longitudinal studies are warranted to further define and under-
stand the phenotypes of coronary artery dysfunction in patients 
with SLE and chest pain.
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Quality of Care for the Screening, Diagnosis, and 
Management of Lupus Nephritis Across Multiple 
Health Care Settings
Ishita Aggarwal,1  Jing Li,2  Laura Trupin,2  Lisa Gaynon,3 Patricia P. Katz,2  Cristina Lanata,2

Lindsey Criswell,2 Louise B. Murphy,4  Maria Dall’Era,2 and Jinoos Yazdany2

Objective. We examined quality measures for screening, diagnosis, and treatment of lupus nephritis (LN) among 
participants of the California Lupus Epidemiology Study across 25 different clinical sites to identify gaps in quality of 
care.

Methods. Data from 250 participants with lupus were analyzed across 3 sources (medical records, physician 
examination, and patient interviews). Overall performance on 8 quality measures was calculated separately for 
participants with and without LN. We used generalized estimating equations in which the outcome was performance 
on measures, adjusting for participant demographics, lupus disease severity, and practice characteristics.

Results. Of 148 patients without LN, 42% underwent screening laboratory tests for nephritis, 38% underwent 
lupus activity serum studies, and 81% had their blood pressure checked every 6 months. Of 102 LN patients, 67% 
had a timely kidney biopsy, at least 81% had appropriate treatment, and 78% achieved target blood pressure within 
1 year of diagnosis. Overall performance in participants across quality measures was 54% (no LN) and 80% (LN). 
Significantly higher overall performance for screening measures for LN was seen at academic (63.4–73%) versus 
community clinics (37.9–38.4%). Similarly, among those with LN, higher performance in academic (84.1–85.2%) 
versus community clinics (54.8–60.2%) was observed for treatment measures.

Conclusion. In this quality- of- care analysis across 25 diverse clinical settings, we found relatively high performance 
on measures for management of LN. However, future work should focus on bridging the gaps in lupus quality of care 
for patients without nephritis, particularly in community settings.

INTRODUCTION

Kidney involvement is seen in up to 60% of systemic lupus 
erythematosus (SLE) patients, with progression to end- stage kid-
ney failure in lupus nephritis (LN) in 10–30% of patients within 15 
years of diagnosis (1). Given the high morbidity and mortality of 
LN, early diagnosis and treatment are important. Prior studies 
examined treatment options and their toxicities for LN once LN 
is diagnosed, but no studies have evaluated performance on a 
comprehensive set of quality measures related to screening for, 
diagnosing, and managing LN (2).

An SLE quality indicator set was developed in 2009 using 
scientific evidence and expert consensus; these indicators have 
served as tools to assess SLE health care quality in cohort stud-
ies, clinic populations, and administrative data (3–7). Subse-
quent American College of Rheumatology (ACR) guidelines in 
2012 for monitoring and treating LN included additional recom-
mendations, such as the use of hydroxychloroquine in patients 
with LN to decrease cumulative kidney damage (8). Combined 
with previous indicators, the ACR guidelines provide an oppor-
tunity to comprehensively examine quality of care for patients 
with LN.
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In this study, we sought to evaluate the quality of care for 
screening, diagnosing, and treating LN (class III, IV, or V) among 
participants enrolled in the California Lupus Epidemiology Study 
(CLUES), a study that combines patients from the California 
Lupus Surveillance Project (CLSP) (a population sample from 
2007 to 2009) with participants enrolled from community and aca-
demic practices. We investigated differences in performance on 
quality measures between patients with diverse socioeconomic 
and racial/ethnic backgrounds who had a spectrum of disease 
severity in diverse clinical settings, with the goal of identifying gaps 
in quality of care for patients with LN.

MATERIALS AND METHODS

Data source. Data derive from the CLUES, a multiracial/
multiethnic cohort of individuals with physician- confirmed SLE. 
Starting in 2015, participants in CLUES were recruited through 
the CLSP, which used outpatient, hospital, and laboratory records 

to identify all patients with SLE who resided in the city and county 
of San Francisco in 2007–2009 (9). Additional participants in the 
9 counties of the San Francisco Bay Area were identified through 
academic and community rheumatology clinics and from earlier 
studies of genetic risk factors for SLE outcomes. The cohort con-
tains patients with diverse socioeconomic statuses who speak a 
number of different primary languages.

Study procedures include collection and review of medical 
records, an in- person research clinic visit consisting of a history 
and physical examination conducted by a physician specializing 
in SLE, collection of biospecimens for clinical and research pur-
poses, and a structured interview by a trained research assistant. 
Interviews are conducted in English, Spanish, Cantonese, and 
Mandarin. However, for this study, we relied on data derived from 
physician assessments for confirmation of SLE diagnosis and 
presence of LN and assessed performance on measures from 
chart review because patients did not always recall whether they 
had LN, dates of diagnosis, and timing of treatments. All SLE 
diagnoses are confirmed by study physicians according to any of 
the following definitions: 1) meeting ≥4 of the 11 ACR revised clas-
sification criteria for SLE as defined in 1982 and updated in 1997 
(10,11), 2) meeting 3 of the 11 ACR criteria with SLE confirmed 
by a study rheumatologist, or 3) a confirmed diagnosis of LN. This 
combined definition of SLE has been used in prior population- 
based studies (9).

Study population and institutional review board 
approval. In all, 332 patients completed in- person study vis-
its, and we obtained 250 complete medical records for review 
from those patients (Figure 1). A total of 134 cases were iden-
tified in the CLSP. Of the 82 patients excluded from the analy-
sis, 46 patients had a remote diagnosis of LN (>10 years prior) 

SIGNIFICANCE & INNOVATIONS
• This is the first study to look at the quality of care 

for the screening, diagnosis, and treatment of lupus 
nephritis across multiple clinical settings, including 
community and academic clinics.

• Systematic application of quality measures al-
lowed identification of gaps in care, particularly for 
screening for lupus nephritis among those with a 
confirmed lupus diagnosis.

• Across measures examined, performance was 
higher in academic settings than in community set-
tings even after adjusting for patient characteristics 
and disease severity.

Figure 1. Flow chart of selection of study participants. ESRD = end-stage renal disease; CLUES = California Lupus Epidemiology Study. 
Measures 1–3 = lupus nephritis laboratory results, systemic lupus erythematosus activity serum studies, and blood pressure; measures 4–8 
= renal biopsy, initiation of immunosuppressant, initiation of antimalarial treatment, initiation of angiotensin- converting enzyme inhibitor or 
angiotensin II receptor blocker, and blood pressure target achieved.

Total CLUES 
participants, 

n = 332 

Medical records not 
available for 

review, 
n = 82 

Medical records
reviewed, 
n = 250 

Lupus nephritis positive (measures 4–8),
n = 102 

Lupus nephritis negative (measures 1–3),
n = 148 

No medical records provided, n = 24

Insufficient medical records, n = 46

ESRD developed early and no records 
prior to ESRD, n = 8 

Treated in clinical trial, n = 1

Refused biopsy; did not have 
confirmed lupus nephritis, n = 1 

Diagnosed in other countries without 
relevant records, n = 2 
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without sufficient records to calculate measure performance, 24 
patients were from medical practices that did not share medical 
records despite multiple requests, 2 had been diagnosed in other 
countries without relevant records available, and 10 others were 
excluded for reasons specified in Figure 1. The research protocol 
was approved by the University of California, San Francisco Com-
mittee on Human Research. All participants provided informed 
consent to be part of the study.

Outcome measures. The outcome measures were the 
receipt of screening, diagnosis, and treatment consistent with 
quality measures for LN (Table 1), as determined through medical 
records review. Medical records were collected prior to CLUES 
study enrollment, either through the electronic systems of aca-
demic medical centers or from paper or electronic records from 
outside rheumatologists. If records were incomplete, multiple 
requests were sent to physicians’ offices for follow- up informa-
tion. For patients whose physicians’ offices were part of Care 
Everywhere (EPIC), a data-sharing platform across EPIC sites, we 
searched those records if the original records were insufficient. All 
outcome determinations were based on the data found in the med-
ical charts. Where none was found, we assumed that the patient 
had not received the screening or treatment for that measure. 

Overall, we obtained records from 25 distinct medical practices.
We examined 8 quality measures across 3 categories: 1) 

screening measures for those participants without a previous diag-
nosis of LN, 2) diagnosis measures for those with LN to examine 
care at the onset of suspected LN, and 3) treatment measures once 
LN was diagnosed. For the screening  measures,  performance 

was evaluated in the 1-year period prior to the CLUES study visit. 
The 3 screening performance measures were: 1) LN laboratory 
tests (i.e., urinalysis with quantitative measurement of proteinuria 
and serum creatinine levels), 2) SLE activity serologies indicated 
by anti–double-stranded DNA levels plus either C3 or C4, and 
3) blood pressure. To pass each measure, the participant had
to have received care for all components of the measure every 
6 months. For example, if only urine creatinine level was checked 
but a quantitative test for proteinuria in the measurement year was 
not done, that screening measure was counted as not performed. 
Those with class I or II LN on renal biopsy results were included 
in this group given that their treatment does not differ from those 
without LN.

For measures regarding diagnosis and treatment of LN, we 
first reviewed records for the year preceding the suspected LN 
diagnosis to determine if a kidney biopsy was performed within 
1 year of suspected LN (Table 1). We defined suspected LN as 
increasing proteinuria or worsening kidney function, as outlined 
in the ACR guidelines (4). All of the patients included in the LN 
cohort either had confirmed LN (class III, IV, or V) on their kidney 
biopsy results or had a clinical diagnosis of LN by their rheuma-
tologist or nephrologist. For those with incident or relapsed LN, 
we reviewed records for the 1 year following diagnosis of LN 
by biopsy or the date that the treating specialist diagnosed LN. 
The 5 primary outcomes for these patients were time to kidney 
biopsy, timely treatment initiation, and adequate blood pressure 
control (≤140/90 mm Hg) in the year following diagnosis (Table 1). 
The 3 treatment measures were initiation of: 1) immunosup-
pressant agents (mycophenolate mofetil or mycophenolic acid, 

Table 1. Description of 8 lupus nephritis (LN) quality measures, eligibility, and related pass rates*

Quality measure Description Eligible, no. Pass, no. (%)
Screening measures (denominator population: prevalent 

SLE, no history of nephritis)
LN laboratory results Urinalysis, urine protein- to- creatinine ratio, 

creatinine every 6 months in measurement 
year

148 62 (41.9)

SLE activity serum studies C3 or C4 and anti- DNA levels every 6 months 
in measurement year

148 56 (37.8)

Blood pressure Blood pressure recorded every 6 months in 
measurement year

148 120 (81.1)

Diagnostic and treatment measures (denominator 
population: incident or relapsed LN)

Renal biopsy† Within 1 year of suspected LN unless 
contraindicated

99 66 (66.7)

Initiation of immunosuppressant‡ Within 30 days of LN diagnosis 102 86 (84.3)
Initiation of antimalarial treatment§ Within 1 year 98 87 (88.8)
Initiation of ACE inhibitor or ARB¶ Within 1 year 102 82 (81.2)
Blood pressure target achieved To reach target ≤140/90 mm Hg in 1 year 102 79 (77.5)

* SLE = systemic lupus erythematosus; ACE = angiotensin- converting enzyme; ARB = angiotensin II receptor blocker. 
† Based on American College of Rheumatology criteria for suspected LN prior to biopsy: increasing serum creatinine without alternative 
causes, proteinuria >1 gm/24 hours, or proteinuria >0.5 gm/24 hours plus hematuria, or proteinuria >0.5 gm/24 hours with cellular casts. Renal 
biopsy eligibility: 5 patients were excluded from the denominator because renal biopsy was deemed too risky (3 patients had antiphospholipid 
syndrome on anticoagulation, 1 patient had immune thrombocytopenic purpura with intracerebral hemorrhage, and 1 patient had prolonged 
coagulation studies). 
‡ Immunosuppressant medications include mycophenolate, cyclophosphamide, azathioprine, cyclosporine, tacrolimus, and rituximab. 
§ Antimalarial treatment: 3 patients were excluded from the denominator because of allergy or intolerance to antimalarial agent.
¶ ACE inhibitor or ARB: 1 patient was excluded from the denominator because of presentation with renal failure. 
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 cyclophosphamide, azathioprine, cyclosporine, tacrolimus, or 
rituximab) within 30 days of diagnosis, 2) antimalarial medications 
(hydroxychloroquine or chloroquine) within 1 year of diagnosis, 
and 3) angiotensin- converting enzyme (ACE) inhibitor or angioten-
sin II receptor blocker within 1 year of diagnosis. These measures 
were adapted from the SLE Quality Indicators project and from the 
ACR guidelines for LN (7,8).

We calculated an overall pass rate, defined as the number 
of measures passed as a percentage of the number of measures 
for which a participant was eligible. Each measure was given equal 
weight rather than assigning an a priori level of importance to the 
individual measures. The pass rates were calculated separately for 
patients with and without a diagnosis of LN at study entry.

Covariates. Potential predictors of quality of care were age, 
sex, race/ethnicity (Hispanic of any race, non- Hispanic white, non- 
Hispanic African American, Asian/Pacific Islander, mixed/other), 
education level (high school graduate or less versus beyond high 
school), insurance type categorized as public (Medicaid, Medi-
care, county and Veterans Affairs health plans) or private (all other 
sources), and household income (above or below 125% of the fed-
eral poverty limit). SLE- specific factors were disease duration as 
well as disease severity, measured with the Lupus Severity Index 
(LSI), a validated measure based on weighted values assigned to 
the ACR criteria at the time of CLUES study enrollment (12). Age, 
disease duration, and the LSI were entered into models as contin-
uous variables after determining that the linear form of these var-
iables provided an adequate fit to the data. We included practice 
setting, categorized as academic rheumatology clinic, rheumatol-
ogy clinic in a large staff- model health maintenance organization 
(HMO), and all other community providers (consisting of solo or 
small- to- medium single or multispecialty offices). We also exam-
ined the number of years with the current provider since this vari-
able could potentially relate both to the completeness of the data 
available and the likelihood of completion of all screening measures.

Statistical analysis. We first described the sample’s demo-
graphic, clinical, and practice characteristics. The differences 
between patients with LN and without LN were examined using 
chi- square tests for categorical variables and t- tests for continu-
ous variables. We then calculated the pass rate for each individual 
quality measure, defined as the percentage of patients eligible for 
the measure who received the requisite care, as well as the overall 
pass rate as described above. To model the overall pass rate as a 
function of the covariates, we used generalized estimating equa-
tions (GEEs) with a logit function. In these models, each measure 
for which a patient was eligible was entered as a separate obser-
vation; the GEE model accounted for the multiple and varying 
number of observations across individuals. Specifically, each par-
ticipant had a varying number of measures depending on their LN 
status; patients without LN were eligible for the 3 screening meas-
ures and therefore had up to 3 observations each. Those with LN 

were eligible for the other 5 treatment measures and so had up to 
5 observations each. From the GEE models, the overall pass rates 
were calculated from predicted marginals for the following covar-
iates: demographic characteristics (age, sex, race/ethnicity, edu-
cation, insurance status), clinical characteristics (disease duration 
and severity), and practice characteristics (setting and years with 
current provider). Poverty status was not included in these models 
because of the large number of missing values for this variable. 
Instead, both education and insurance status were included as 
covariates to capture socioeconomic status. For each character-
istic, we calculated the pass rates first from a bivariate model and 
then from a multivariable model with all 9 covariates.

In the primary analysis, aspects of care that were missing 
from the records received were counted as not performed or as 
“no pass” for that measure. However, it is possible that in some 
cases the care was completed but the records we received were 
incomplete (i.e., were done in another clinic or hospital that we 
were unaware of). This was a particular issue for the quality mea-
sures related to LN treatment, which required historical records 
that were sometimes >5 years old. To address this issue, we 
recorded our certainty (high/low) regarding completeness for 
each medical record and performed a sensitivity analysis in which 
we assigned a passing score for all records with low certainty. For 
example, one patient was diagnosed with LN in 1996 with some 
records from that period available; however, we could not deter-
mine with certainty whether that patient had been treated with 
an antimalarial agent or ACE inhibitor. In the primary analysis, this 
patient would not have passed those 2 measures, but in the sen-
sitivity analysis, the patient would have passed these measures, 
effectively increasing the pass rates of the measures.

RESULTS

The study sample of 250 patients included predominantly 
women, with a younger average age in LN patients (39.0 years) ver-
sus those without LN (47.7 years; P < 0.05) (Table 2). LN patients 
had an average disease duration of mean ± SD 11.8 ± 8.3 years 
versus 17.2 ± 10.8 years in those without LN (P < 0.05). There 
was a large percentage of Asian/Pacific Islander (44.1%) and His-
panic (34.3%) patients in the LN group; whereas those without 
LN were predominantly non- Hispanic white (36.5%) and Asian/
Pacific Islander (31.7%) (P < 0.05). Of those with and without LN, 
29.4% and 22.3%, respectively, reported having a high school 
level education or less. Among LN patients, 31.8% were living in 
poverty, defined as <125% of the federal poverty limit, compared 
to 15.4% of those without LN (P < 0.05). Approximately one- half 
(54.9% LN, 43.2% LN negative) of the patients had public insur-
ance (mostly Medicare and/or Medicaid). Approximately one- half 
of the LN patients (53.9%) were seen in a university clinic setting 
compared to 41.9% of the patients without LN (P < 0.05). Roughly 
one- fourth of the patients (25.3% in LN group, 28.5% in LN neg-
ative group) had seen their provider for <1 year.
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Table 1 shows the number of patients who were eligible for 
and passed each quality measure. There were 148 patients with-
out LN, all of whom were eligible for the 3 screening measures 
for LN. A total of 41.9% of patients had the screening laboratory 
tests for LN done every 6 months, 37.8% had SLE activity serol-
ogies checked every 6 months, and 81.1% had blood pressure 
checked every 6 months in the measurement year. Of the 102 
LN patients, not all were eligible for the 5 diagnostic and treat-
ment measures (Table 1). Among eligible patients, 66.7% had a 
kidney biopsy within 1 year of diagnosis, at least 81% passed 
each of the treatment initiation measures, and 77.5% achieved 
target blood pressure within a year of LN diagnosis.

Overall performance across quality measures in patients 
without LN was 53.6% (95% confidence interval [95% CI] 48.9–
58.2%) (Table 3). Across all characteristics examined, the unad-
justed pass rate ranged from 30% among men to 66.1% among 
university clinic patients. In the multivariable model, there was 
a significant difference between male and female patients, with 
females having higher adjusted pass rates (55.5% versus 29.4%; 
P < 0.05). There was also a significantly higher adjusted pass rate 
among patients with private insurance (60.3% versus 44.4%; 
P < 0.05). No significant differences were seen in performance 
across age, race/ethnicity, education level, or disease duration 
groups. Those with a higher LSI score had higher pass rates 

(57.1% in the third quartile of the LSI versus 49.7% in first quartile), 
but this difference did not reach statistical significance (P < 0.05) 
in the adjusted model. There were significantly higher adjusted 
pass rates for patients whose providers were in academic versus 
community clinics (63.4% for academic private hospital, 73% for 
academic county hospital versus 38% among all community pro-
viders; P < 0.05 for difference by practice setting).

For those with LN, the overall unadjusted performance across 
quality measures was 79.6% (95% CI 75.9–82.9%) (Table  4), 
ranging from 55.2% among patients in a staff model HMO to 
86.7% among those with no education beyond high school. In 
the multivariable model, however, the only significant difference 
was by provider practice setting. Similarly, patients with LN who 
were cared for at academic centers had higher adjusted pass 
rates (84–85%) compared to those seen in community settings 
(55–60%; P < 0.05).

In the sensitivity analysis, in which patients with low cer-
tainty regarding the completeness of medical records were uni-
formly assigned a “pass” on measures, the overall pass rate for 
LN patients increased from 79.6% to 88.7% (see Supplementary 
Table 1, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23915/abstract). 
For each of the demographic and clinical characteristics exam-
ined, there was no statistically significant difference in overall 

Table 2. Baseline characteristics of participants in the California Lupus Epidemiology Study*

Characteristics
LN positive 
(n = 102)

LN negative 
(n = 148) P†

Age, mean ± SD years 39.0 ± 13.5 47.7 ± 13.8 <0.05
Women 84 (82.4) 138 (93.2) <0.05
Race/ethnicity <0.05

Non- Hispanic white 12 (11.8) 54 (36.5)
Hispanic 35 (34.3) 25 (16.9)
Non- Hispanic African American 9 (8.8) 18 (12.2)
Asian/Pacific Islander 45 (44.1) 47 (31.7)
Mixed/other 1 (1.0) 4 (2.7)

Education, high school graduate or less 30 (29.4) 33 (22.3)
Insurance, public 56 (54.9) 64 (43.2)
Living in poverty‡ 28 (31.8) 21 (15.4) <0.05
Clinical and practice characteristics

Lupus Severity Index score, mean ± SD 8.4 ± 0.6 5.6 ± 1.1 <0.05
SLICC Damage Index score, mean ± SD 1.6 ± 1.9 1.5 ± 1.6
Disease duration, mean ± SD years 11.8 ± 8.3 17.2 ± 10.8 <0.05

Provider practice setting <0.05
University clinic 55 (53.9) 62 (41.9)
County hospital clinic 28 (27.5) 20 (13.5)
Community, staff- model HMO 8 (7.8) 20 (13.5)
Community, other providers 11 (10.8) 46 (31.1)

Years with current provider§
<1 year 25 (25.3) 41 (28.5)
1–5 years 41 (41.4) 47 (32.6)
>5 years 33 (33.3) 56 (38.9)

* Values are the number (%) unless indicated otherwise. LN = lupus nephritis; SLICC = Systemic Lupus 
International Collaborating Clinics; HMO = health maintenance organization. 
† P values < 0.05 were tested by chi- square tests for categorical variables and t- tests for continuous 
variables. 
‡ N = 88 for LN positive; n = 136 for LN negative. Living in poverty defined as household income 
<125% of the federal poverty limit. 
§ N = 99 for positive; n = 144 for negative. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23915/abstract
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 performance rates. There was still a significant difference by pro-
vider practice setting. The academic centers had adjusted pass 
rates of 90–92%; the staff model HMO was almost as high at 88% 
compared to community settings at 70% (P < 0.05).

DISCUSSION

This study aimed to perform a comprehensive quality- of- 
care assessment for screening, diagnosis, and treatment of LN 
among individuals with SLE across health care settings. There 
were 2 major findings in the study. First, there was poor perfor-
mance on measures for screening for LN; several predictors were 
found to be related to this poor performance. We found higher 

 performance for screening among women and those with private 
insurance after adjustment for covariates. Second, there was 
a notably higher performance on both LN screening and treat-
ment mea sures in academic clinics versus community clinic set-
tings. Overall, these findings provide the first detailed assessment 
of quality of care for one of the most serious manifestations of SLE 
across diverse health care settings.

There was low performance for screening for LN, with only 
54% of SLE patients without LN being screened appropriately. In 
contrast, ~80% of LN patients were being monitored according 
to guideline recommendations. It is well known that the presence 
of LN increases mortality; survival was shown to drop from 92% 
at 10 years to 88% once LN was diagnosed (8). The difference 

Table 3. Overall pass rates for the 3 screening quality measures in 148 California Lupus Epidemiology Study patients without 
lupus nephritis*

Characteristics
Unadjusted pass 

rates (95% CI) P
Adjusted pass 
rates (95% CI) P

Overall pass rate 53.6 (48.9–58.2)
Demographics

Age, years
First quartile (37 years) 57.0 (49.4–64.7) 53.9 (46.9–61.0)
Median (50 years) 52.9 (47.2–58.6) 53.5 (48.5–58.6)
Third quartile (58 years) 50.3 (43.7–57.0) 53.3 (46.2–60.3)

Sex <0.05 <0.05
Male 30.0 (12.8–47.2) 29.4 (12.5–46.2)
Female 55.3 (49.4–61.3) 55.5 (50.3–60.7)

Race/ethnicity
Non- Hispanic white† 50.0 (41.1–58.9) 55.5 (47.3–63.8)
Hispanic 65.3 (51.7–78.9) 61.0 (48.5–73.5)
Non- Hispanic African American 46.3 (30.7–61.9) 48.8 (35.0–62.6)
Asian/Pacific Islander 54.6 (44.1–65.1) 49.0 (39.6–58.4)

Education
High school graduate or less 56.6 (44.8–68.3) 52.4 (40.1–64.7)
Beyond high school 52.8 (46.2–59.4) 53.9 (48.0–59.9)

Insurance <0.05
Public 47.9 (39.4–56.5) 44.4 (36.5–52.4)
Nonpublic 57.9 (50.3–65.6) 60.3 (53.4–67.1)

Clinical and practice characteristics
Disease duration, years

First quartile (8.5 years) 56.5 (48.7–64.3) 51.3 (44.6–58.0)
Median (17 years) 53.7 (47.9–59.5) 53.5 (48.7–58.4)
Third quartile (23.5 years) 51.6 (45.5–57.6) 55.2 (49.7–60.8)

LSI score <0.05
First quartile (score = 4.9) 49.7 (43.1–56.2) 49.8 (43.6–56.0)
Median (score = 5.5) 52.9 (47.2–58.7) 52.9 (48.0–57.9)
Third quartile (score = 6.3) 57.1 (50.1–64.1) 56.9 (50.5–63.2)

Provider practice setting <0.05 <0.05
University clinic 66.1 (57.1–75.2) 63.4 (54.4–72.4)
County hospital clinic 65.0 (50.0–80.0) 73.0 (57.5–88.4)
Community, staff- model HMO 40.0 (26.4–53.6) 38.4 (24.0–52.9)
Community, other providers 37.7 (29.5–45.9) 37.9 (29.7–46.0)

Years with current provider <0.05 <0.05
<1 year 59.3 (48.9–69.8) 58.9 (48.4–69.5)
1–5 years 53.2 (43.0–63.4) 55.0 (46.3–63.7)
>5 years 51.2 (41.4–61.0) 50.3 (41.9–58.7)

* Models adjusted for all variables shown. Based on generalized estimating equations with an observation for each patient for 
each eligible quality measure. Total observations = 444. Age, disease duration, and Lupus Severity Index (LSI) scores entered into 
models as continuous variables. Pass rates shown are calculated at the first quartile, median, and third quartile. 95% CI = 95% 
confidence interval; HMO = health maintenance organization. 
† Mixed/other race included with white race (n = 4). 
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in performance may reflect the more intensive monitoring in LN 
patients given known reductions in kidney failure and mortality 
with more aggressive treatment.

We found that men without LN were less likely to receive 
routine laboratory monitoring. SLE- related kidney disease is 
known to be more common as well as severe in men (13–15). 
In a 1996 study of 107 male lupus patients, men died more 
frequently from SLE- related complications than women, with 
LN being the principal cause (14). Our findings may reflect the 
fact that men utilize less health care than women in general (16) 
across medical conditions, that men with LN are less likely to 
follow- up with their providers, or that men receive lower quality of 
care when presenting for care. Rheumatologists should be aware 

that this gap exists and consider more intensive outreach to male 
patients with SLE.

Insurance status was also found to be related to perfor-
mance rate. Patients without LN who had public insurance were 
also found to have lower LN screening rates. A growing body of 
literature suggests that individuals with Medicaid have poor out-
comes from LN (7,17). For example, having Medicaid or no insur-
ance was associated with greater rates of ESRD (end-stage renal 
disease) from SLE rather than private insurance (86% and 93%, 
respectively, versus 72%) (17). This suggests that insurance, an 
indicator of access to care or other social determinants of health, 
identifies a population at risk for lower health care quality and pro-
gression to ESRD.

Table 4. Overall pass rates for the 5 quality measures in 102 California Lupus Epidemiology Study patients with lupus 
nephritis*

Characteristics

Unadjusted 
pass rates 
(95% CI) P

Adjusted pass 
rates 

(95% CI) P
Overall pass rate 79.6 (75.9–82.9)
Demographics

Age, years
First quartile (28 years) 78.3 (72.6–83.9) 78.0 (72.5–83.5)
Median (35 years) 79.2 (74.7–83.6) 79.1 (75.2–82.9)
Third quartile (47 years) 80.6 (76.6–84.7) 80.8 (76.9–84.8)

Sex
Male 78.1 (69.4–86.9) 71.3 (59.8–82.8)
Female 79.9 (75.3–84.5) 81.0 (77.4–84.6)

Race/ethnicity
Non- Hispanic white† 77.9 (66.0–89.7) 82.8 (74.5–91.1)
Hispanic 82.6 (75.3–90.0) 80.8 (73.9–87.7)
Non- Hispanic African American 81.1 (73.9–88.3) 82.9 (74.8–90.9)
Asian/Pacific Islander 77.4 (71.2–83.6) 76.8 (70.5–83.2)

Education <0.05
Some high school or high school graduate 86.7 (80.4–92.9) 85.2 (77.9–92.5)
Beyond high school 76.6 (71.6–81.6) 77.4 (72.7–82.2)

Insurance <0.05
Public 83.6 (78.8–88.4) 79.5 (74.2–84.9)
Nonpublic 74.6 (67.9–81.2) 79.7 (74.4–84.9)

Clinical and practice characteristics
Disease duration

First quartile (5 years) 79.8 (74.7–84.9) 80.0 (75.6–84.5)
Median (11 years) 79.6 (75.6–83.7) 79.6 (76.2–83.1)
Third quartile (16 years) 79.5 (74.6–84.3) 79.3 (75.4–83.3)

LSI score
First quartile (score = 8.2) 79.5 (75.2–83.8) 79.1 (75.3–82.9)
Median (score = 8.5) 79.6 (75.5–83.7) 79.8 (76.4–83.2)
Third quartile (score = 8.8) 79.7 (75.1–84.3) 80.5 (76.6–84.4)

Provider practice setting <0.05 <0.05
University clinic 83.1 (78.2–88.0) 84.1 (79.3–89.0)
County hospital clinic 86.4 (80.4–92.4) 85.2 (77.7–92.6)
Community, staff- model HMO 55.2 (38.2–72.3) 60.2 (42.5–78.0)
Community, other providers 61.8 (50.0–73.6) 54.8 (41.6–67.9)

Years with current provider
<1 year 77.2 (68.3–86.1) 74.7 (66.8–82.7)
1–5 years 80.5 (73.9–87.1) 78.3 (72.1–84.4)
>5 years 80.3 (73.5–87.1) 83.6 (78.4–88.9)

* Models adjusted for all variables shown. Based on generalized estimating equations with an observation for each patient 
for each eligible quality measure. Total observations = 502. Age, disease duration, and Lupus Severity Index (LSI) scores 
entered into models as continuous variables. Pass rates shown are calculated at the first quartile, median, and third quartile. 
95% CI = 95% confidence interval; HMO = health maintenance organization. 
† Mixed/other race included with white race (n = 1). 
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Duration of time with the same provider was also associated 
with performance on quality measures. In those without LN, we 
saw higher performance on screening measures with providers 
who had seen the patient for <1 year. This suggests that the ini-
tial evaluation may be more robust in a patient without LN but is 
not maintained with the recommended frequency over time. In LN 
patients, the difference in adhering to quality measures was not 
statistically significant, but there was a higher rate of performance 
the longer the patient had been with the same provider.

The differences observed on quality measure performance 
between academic and community settings are noteworthy. Aca-
demic centers had higher performance than community clinics 
for individuals with LN and without LN. Interestingly, performance 
was similar between the 2 academic sites, 1 of which is a county 
hospital and the other a university private hospital. Although 
there is some physician staffing overlap between these centers 
that might explain this finding, these centers are resourced very 
differently, including fewer support staff at the county hospital, 
suggesting that high quality of care is potentially attainable in low- 
resource settings. It is possible that there is better documentation 
of standardized disease activity measures at research centers 
that makes adherence to quality measures more readily identified 
in the charts. However, the academic centers in this study did not 
routinely collect measures such as the Systemic Lupus Erythema-
tosus Disease Activity Index (SLEDAI) as part of clinical care; thus, 
we do not think this accounts for our findings. 

A similar difference was reported for management of hepato-
cellular carcinoma (HCC) among patients screened at a large aca-
demic center versus patients diagnosed in the community (18). In 
that study, it was proposed that the effect of early identification of 
HCC was likely multifactorial, but the academic center specialists 
were more likely to adhere to surveillance guidelines (18). Simi-
larly, a study that assessed SLE quality measures in patients who 
were followed in a dedicated lupus clinic compared to a general 
rheumatology clinic within the same academic institution found 
that more patients in the lupus clinic received care consistent with 
SLE quality measures (19). Physician experience with a higher vol-
ume of SLE patients may be associated with this increase in per-
formance because it has been linked to lower in- hospital mortality 
in a prior study (20). Academic centers are more likely to experi-
ence a higher volume of SLE patients, so this may partly account 
for this difference. By contrast, 1 surgical study examining the 
rate of postoperative complications after carotid endarterectomy 
found little difference in 30- day complication rates for community 
versus academic settings, suggesting that there may be more 
standardized practice for this common procedure (21). Our find-
ings contribute to the literature examining differences in quality of 
care across settings, paving the way for studies that more closely 
evaluate workflow and organizational factors that aim to standard-
ize management of complex, chronic diseases like SLE.

While we made exhaustive attempts to obtain com-
plete  medical records for each patient across the 25 clinical sites, a 

limitation of this study is that there still may have been incomplete 
data capture. When no evidence of the targeted laboratory results 
or therapies is found, patients may not have received the appropri-
ate management, but it is also possible that they were managed by 
a different center or lost to follow- up. For the primary analysis, we 
assumed that the missing values represented procedures that were 
not performed. To evaluate the robustness of our results, we also 
conducted a sensitivity analysis in which the patient was given a 
pass if we were not certain of medical record completeness. While 
this resulted in a higher overall pass rate, the significant predictors 
of a high pass rate (i.e., practice setting) did not change. The reality 
is probably in between these 2 methods; however, either approach 
demonstrates that there are gaps in SLE quality of care and a need 
for improvement. A second limitation includes the lack of adjustment 
for disease activity at the time of treatment in decisions made by the 
treating physician. With retrospective chart analysis, disease activity 
scores at the time that management decisions are made are difficult 
to interpret, especially because laboratories that are used in  indices 
such as the SLEDAI were often missing (as evidenced by low per-
formance on some of the measures examined in this study).

In conclusion, this study is one of the first to highlight that 
quality of care for LN varies significantly across different clinical 
settings. The 250 patients in this study received care from 25 clin-
ical sites across a broad spectrum of practice settings. We found 
that performance on measures related to the management and 
treatment of LN was high. Our findings highlight that the largest 
opportunities for quality improvement are in upstream processes 
related to screening for LN among at- risk populations. Perfor-
mance was significantly higher on quality measures related to LN 
in academic settings, suggesting that there are opportunities for 
quality improvement in community settings. Future work should 
focus on improvement initiatives that target gaps in quality of care 
for SLE in the health care system.
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Objective. Undervaluing the effectiveness of conventional treatments may lead to overtreatment with biologic 
medications in children with juvenile idiopathic arthritis (JIA). Using data from a nationwide inception cohort and strict 
methods to control bias, the aim of our study was to estimate the real- world effectiveness of simple JIA treatment 
strategies recommended in current guidelines.

Methods. Children with JIA who were recruited at 16 Canadian centers from 2005 to 2010 were followed for up 
to 5 years. For each child, all observed treatment changes over time were assessed by independent physicians using 
prospectively collected data and published response criteria. Success was defined as attainment of inactive disease 
or maintenance of this state when stepping down treatment; minimally active disease was deemed acceptable for 
children with polyarticular JIA. Success rates were calculated for treatments tried ≥25 times, and logistic regression 
analysis identified features associated with success.

Results. A total of 4,429 treatment episodes were observed in 1,352 children. Nonsteroidal antiinflammatory 
drug (NSAID) monotherapy was attempted 697 times, mostly as initial treatment when <5 joints were involved, with a 
54.4% success rate (95% confidence interval [95% CI] 50.3–58.6). NSAIDs plus joint injections had a 64.7% success 
rate (95% CI 59.8–69.7). Adding methotrexate to NSAIDs and/or joint injections (attempted 566 times) had a 60.5% 
success rate (95% CI 55.7–65.3). In adjusted analyses, each additional active joint reduced chances of success for 
treatment with NSAIDs (odds ratio [OR] 0.90 [95% CI 0.85–0.94]) and for methotrexate combinations (OR 0.96 [95% 
CI 0.94–0.99]). Each additional year after disease onset reduced chances of success for treatment with methotrexate 
combinations (OR 0.83 [95% CI 0.72–0.95]).

Conclusion. These real- world effectiveness estimates show that conventional nonbiologic treatment strategies 
that are recommended in current guidelines are effective in achieving treatment targets in many children with JIA.

INTRODUCTION

In recent publications, concern was raised regarding poten-
tial overtreatment of juvenile idiopathic arthritis (JIA) and other 
inflammatory rheumatic diseases (1,2). Further, the emphasis of 

research on biologic medications and the fear of missing a win-
dow of therapeutic opportunity (3–6) may lead to undervaluing the 
effectiveness of conventional nonbiologic treatments. The 2011 
American College of Rheumatology (ACR) recommendations for 
the treatment of JIA (7) include initial treatment with nonsteroidal 
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antiinflammatory drugs (NSAIDs) and intraarticular glucocorti-
coids  injections in children with <5 joints involved, with the addi-
tion of methotrexate when ≥5 joints are involved. Paradoxically, 
reliable estimates of the benefits of these strategies in usual prac-
tice (2) are lacking, whereas biologic therapies are well- studied in 
controlled trials of selected children with severe JIA (8–10).

Since there is little incentive to conduct randomized trials for 
older nonbiologic medications, information is instead obtained from 
small, older trials and from observational studies that are prone to 
bias (11). Modern population- based inception cohorts that collect 
standardized outcome measures in usual practice provide a unique 
opportunity to address sources of bias (12). Sampling bias may be 
addressed by analyzing all treatments observed, assessment bias 
by prospective collection of standardized outcome measures, and 
expectation bias by adjudication of treatment success by investi-
gators who were not involved in treating the patients (11). The aims 
of the present study were to use data from a Canada- wide JIA 
cohort to estimate the effectiveness of common treatment strate-
gies for JIA in usual practice, and to identify the variables associ-
ated with treatment success. Effectiveness refers to the degree of 
beneficial effect under real- world clinical settings (13).

MATERIALS AND METHODS

We used data from the Research in Arthritis in Canadian 
Children Emphasizing Outcomes study (ReACCh- Out), a JIA 

inception cohort established between 2005 and 2010 (14). 
Treatments were in keeping with the 2011 ACR recommen-
dations for the treatment of JIA, and most children attained 
inactive disease (15). Patients with JIA who were newly diag-
nosed were recruited from January 2005 to December 2010 
at 16 Canadian pediatric rheumatology centers. Study visits 
were scheduled at enrollment and at 6, 12, 18, 24, 36, 48, and 
60 months after enrollment. Data collected included demo-
graphics, clinical information, JIA categories, core set variables 
(16), inflammatory markers (if clinically indicated), medications, 
and quality of life measures. JIA categories assigned at the 
6- month visit were reviewed to confirm that they conformed 
to the International League of Associations for Rheumatology 
criteria (17) and were used for this study. At interim clinic vis-
its that occurred between study visits, medication changes, 
physician global assessment (PhGA) of disease activity, and 
active joint and enthesitis counts were recorded. Treatment 
was prescribed by the attending pediatric rheumatologist with 
the agreement of the patient and parents. ReACCh- Out was 
approved by research ethics boards at all participating insti-
tutions and performed in accordance with the Declaration 
of Helsinki, including informed written consent. The present 
analysis was approved by the University of British Columbia 
Children and Women Research Ethics Board (H15- 02790).

Definition of treatment trials. Inspired by the idea of 
n- of- 1 trials (18), treatment changes that occurred over time 
in all children in the cohort were conceptualized as a series 
of treatment trials. A treatment trial starts when a change in 
treatment is made and ends when the next treatment change 
is made. Adjustments to dose or route of administration 
were not considered new trials. Thus, a treatment trial was 
defined as a period of time in the course of JIA when a child 
received a stable complement of medications and when a 
standardized clinical status assessment was recorded in the 
ReACCh- Out database at the beginning and at the end of 
the period. We required a minimum duration of 1 month for 
NSAID trials, 3 months for disease-modifying antirheumatic 
drugs (DMARDs), and 6 months for trials that included stop-
ping the last antirheumatic medication. Our methods are illus-
trated in Supplementary Figures 1–5, available on the Arthritis 
Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.23922/ abstract. All subjects enrolled into the 
ReACCh- Out cohort who had at least 1 observed treatment 
trial were included in the present analysis.

SIGNIFICANCE & INNOVATIONS
• Using new methods inspired by n-of-1 trials, this

study estimated the real-world effectiveness of all
juvenile idiopathic arthritis treatments observed
across 1 country.

• Monotherapy with nonsteroidal antiinflammato-
ries, combination of antiinflammatories and joint
injections, and adding methotrexate to antiinflam-
matories and/or joint injections were 54%, 65%,
and 60% effective, respectively, in attaining inac-
tive or minimally active disease when used in ways
in accordance with the 2011 American College of
Rheumatology recommendations for the treatment
of juvenile idiopathic arthritis.

• Physicians and families can now weigh these quan-
titative estimates of success against the incon-
veniences and risks of treatment to arrive at more
evidence-based treatment decisions.
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Evaluation of treatment trials. A trial was deemed suc-
cessful if the patient achieved clinically inactive disease, which was 
defined as no active joints, no active extraarticular manifestations 
(uve itis, enthesitis, or systemic manifestations), and a PhGA of <1 
on a 10- cm visual analog scale. This definition was based on the 
criteria by Wallace et al (19), with minor modifications published 
by our group (15). An active joint was defined as a swollen joint or 
a joint with limitation of movement with pain or tenderness (17). 
For children with a polyarticular disease course, minimal disease 
activity as defined by Magni- Manzoni et al (0–1 active joint, PhGA 
of ≤3.4, parent global assessment of ≤2.1) (20) was acceptable, 
instead of inactive disease. For trials of tapering treatment, suc-
cess was defined as maintenance of inactive disease for a mini-
mum of 6 months after full discontinuation of a medication.

One investigator (AC) evaluated the trials first and her 
assessments were confirmed by a second investigator (JG). Dis-
agreements were resolved by consensus or by consulting a third 
investigator (KO or AMH). Trials that could not be assessed due 
to incomplete information or insufficient length were termed inde-
terminate. Agreement of at least 2 of 3 investigators was required, 
since preliminary analysis of interrater reliability in 50 patients 
showed moderate kappa values from 0.55 to 0.69 that were 
deemed insufficient (see Supplementary Table 3, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23922/abstract).

Grouping of treatment trials. Treatment trials were 
grouped according to the observed change in treatment, including 
step- up (addition of a drug), step- down (discontinuation of a drug), 
or switch (substitution of a drug by another in the same class). If 2 
treatment changes occurred at the same time, the trial was named 
according to the most significant change (i.e., if a medication was 
added and another medication was switched, it was called a 

step- up trial). Addition of an intraarticular injection was considered 
a step- up trial. According to their timing, trials were classified as 
initial (within 2 months of diagnosis), early (2–12 months after diag-
nosis), or late (>12 months after diagnosis). Step- up trials were 
grouped according to the ACR recommended initial treatment 
strategies as NSAID monotherapy, NSAID + glucocorticoid joint 
injection, methotrexate ± NSAID or glucocorticoid joint injection, 
and biologics added to DMARD ± NSAID or prednisone.

Statistical analysis. Analyses were performed using 
Stata, version 12. Success rates and 95% confidence intervals 
(95% CI) were calculated for treatment trials observed ≥25 times, 
an arbitrary number chosen because it provided a fair estimation 
of the CI based on the normal approximation of the binominal 
distribution. Subgroup analyses and logistic regression were 
used to assess variables associated with treatment success. 
Each variable was assessed on its own and after adjusting for the 
number of active joints at the start of the trial, time since disease 
onset, and JIA category. Patients who received the same treat-
ment more than once were entered in success rate calculations 
and logistic regression analyses only the first time for that treat-
ment. Since treatments were chosen in response to the clinical 
presentation (confounding by indication) and many unrecorded 
confounders may exist, we avoided hypothesis- testing statistics 
that would suggest one treatment is more effective than another. 
P values less than 0.05 were considered significant.

RESULTS

Patients and treatment trials. Among 1,497 children 
with JIA who were recruited to ReACCh- Out, 1,352 (91.3%) 
provided sufficient follow- up information for evaluation of at 
least 1 treatment trial. Excluded patients had similar charac-

Table 1. Patient characteristics by juvenile idiopathic arthritis (JIA) category*

Characteristic All Oligoarthritis† 
RF- negative 
polyarthritis

Enthesitis-  
related 
arthritis

Systemic 
arthritis

Psoriatic 
arthritis

RF- positive 
polyarthritis Undifferentiated

Patients, no. (%) 1,352 (100) 532 (39.3) 269 (19.9) 195 (14.4) 82 (6.1) 84 (6.2) 54 (4.0) 136 (10.1)
Trials, no. (%) 4,429 (100) 1,635 (36.9) 969 (21.9) 585 (13.2) 319 (7.2) 245 (5.5) 217 (4.9) 459 (10.4)
Female sex, no. (%) 855 (64.4) 364 (70.0) 203 (76.9) 57 (29.5) 41 (50.0) 53 (65.4) 48 (90.6) 89 (65.9)
Age at onset, years 8.5 (3–12) 5.3 (2–10) 7.7 (3–12) 11.8 (10–13) 7.6 (3–12) 10.4 (5–12) 11.9 (9–15) 8.7 (4–12)
Onset to enrollment, 

months
6.2 (3.3–11.9) 5.7 (3.1–10.0) 6.5 (3.7–12.5) 10.0 (5.4–17.5) 3.0 (2.0–7.2) 7.4 (3.4–13.4) 6.4 (4.0–11.2) 6.1 (3.4–10.7)

Follow- up, months 35.5 (22–49) 34.8 (21–49) 36.4 (23–52) 34.5 (20–43) 43.3 (25–53) 27.5 (17–50) 35.3 (24–49) 35.7 (23–49)
Active joint count at 

enrollment
2 (1–6) 1 (1–2) 8 (4–18) 2 (1–5) 2 (0–5) 2 (1–9) 11 (5–21) 2 (1–5)

PhGA at enrollment, 
cm‡

2.6 (1–4.9) 1.8 (0.6–3.2) 4.5 (2.4–6.6) 3.0 (1.2–4.7) 3.0 (1.2–6.1) 2.2 (1.1–4.4) 5.1 (2.5–6.9) 2.5 (1.0–4.8)

ESR at enrollment, 
mm/hour§

18 (7–35) 18 (8–31) 18 (8–35) 10 (4–25) 46.5 (19–82) 17 (8–40) 36 (16–52) 17 (5–35)

* Values are the median (interquartile range) unless indicated otherwise. JIA category assigned by the 6- month follow- up visit. RF = rheumatoid 
factor; PhGA = physician global assessment; ESR = erythrocyte sedimentation rate. 
† Oligoarthritis included both persistent and extended subtypes, and categories were not reassigned over time. 
‡ PhGA of disease activity in a 10- cm visual analog scale. 
§ ESR was obtained in 90% of the cohort at enrollment. 
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teristics to included patients but had much shorter follow- up 
periods. The characteristics of included patients are shown 
in Table  1 and those of excluded patients in Supplemen-
tary Table 1 (available on the Arthritis Care & Research web 
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23922/ 
abstract). Included patients contributed information regarding 
14,350 visits during 3,943 patient- years of follow- up; 50.8% 

were study visits and the rest were interim visits.

A total of 4,429 treatment trials were observed, including 
2,740 step- up trials (61.9%), 1,364 step- down trials (30.8%), 
320 medication switch trials (7.2%), and 5 trials could not 
be categorized. The median duration of a treatment trial was 
7.4 months (interquartile range [IQR] 3.8–13.7 months); it was 
9 months (IQR 5.0–14.9 months) for successful step- up trials, 
and 5.2 months (IQR 3.0–8.6 months) for unsuccessful step- up 
trials. According to their timing, 1,249 (28.2%) were initial tri-
als, 1,280 (28.9%) were early trials, and 1,899 (42.9%) were 
late trials; 1 trial could not be categorized. The success rate for 
the 4,429 trials was 58.9% (95% CI 57.4–60.4), and 256 trials 
(5.8%) were indeterminate. Across all step- up treatments, suc-
cess was 58.8% for initial trials, 61.6% for early trials, and 54.5% 
for late trials (P = 0.03, by chi square test). Details regarding the 
timing of trials for specific treatment strategies are provided in 
the corresponding sections below.

NSAID monotherapy. There were 697 step- up tri-
als of NSAID monotherapy in 587 patients, and the NSAID 
that patients were most frequently treated with was naproxen 
(84.2%). A total of 585 trials (83.9%) were step- up trials from 
no treatment, and the remaining trials were preceded by joint 

injections or subtherapeutic doses of NSAIDs. The majority of tri-
als involved patients with oligoarthritis (52.2%), enthesitis- related 
arthritis (ERA) (15.6%) or rheumatoid factor (RF)–negative poly-
arthritis (13.9%). In 83.1% of trials, there were <5 active joints at  
the start of the trial. The success rate for NSAID monotherapy 
was 54.4% (95% CI 50.3–58.6). The success rate was higher 
when the active joint count was <5 (59.5% [95% CI 55.0–64.0]) 
than when it was ≥5 (27.4% [95% CI 17.6–37.1]); but this was 
similar in initial, early, or late trials (54.4%, 56.9%, and 52.0%, 
respectively; P = 0.89) (Figure  1). The median duration was 
10.1 months (IQR 5.9–14.9 months) for successful trials and 
3.9 months (IQR 2.4–7.0 months) for unsuccessful trials.

NSAID with joint injections. A total of 447 step- up 
trials in 370 patients consisted of combinations of NSAID and 
intraarticular glucocorticoids, and most trials were combinations 
of naproxen and triamcinolone injections (80.3%). The majority 
of trials in this group involved patients with oligoarthritis (66.2%), 
and in 89% of trials there were <5 active joints at the start of the 
trial; 53% were initial trials. The success rate was 64.7% (95% CI 
59.8–69.7), and success was similar for initial, early, and late tri-
als (64.7%, 67.3%, and 56.2%, respectively; P = 0.58) (Figure 1). 
The median duration was 7.1 months (IQR 3.9–13.7 months) for 
successful trials and 4.9 months (IQR 2.5–7.9 months) for unsuc-
cessful trials.

Adding methotrexate. A total of 566 step- up trials in 419 
patients consisted of combinations of methotrexate ± NSAID 
or joint injections. Most patients had RF- negative polyarthritis 
(36.2%) or oligoarthritis (27.6%) at onset, and the overall success 

Figure 1. Subgroup analyses for the success rates for nonsteroidal antiinflammatory drug (NSAID) monotherapy and NSAID plus joint injection 
(JI) with glucocorticoids among Canadian children with juvenile idiopathic arthritis. 95% CI = 95% confidence interval.
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rate was 60.5% (95% CI 55.7–65.3) (Figure 2). The most com-
mon combination was methotrexate + NSAID (382 trials, 67.5%). 
The success rates in trials with no prior treatment (59.3% [95% 
CI 49.1–69.6]) and trials with prior NSAID monotherapy (59.5% 
[95% CI 52.8–66.2]) were similar. Trials in which children had an 
initial active joint count of <5 had a higher success rate (67.6% 
[95% CI 61.2–74.1]) than those in which children had ≥5 active 
joints (52.9% [95% CI 45.7–60.0]). Success rates were similar for 
initial, early, and late trials (56.6%, 66.7%, and 56.5%, respec-
tively; P = 0.13) (Figure 2). The median duration was 11.5 months 
(IQR 6.9–16.7 months) for successful  trials and 6.2 months (IQR 
3.7–11.3 months) for unsuccessful trials.

An additional 219 step- up methotrexate trials included 
prednisone and had a success rate of 57.4% (95% CI 49.9–
64.9). Various combinations of methotrexate and another 
DMARD with or without NSAIDs or prednisone were observed in 
128 other trials (data not shown), but triple combination (meth-
otrexate, sulfasalazine, hydroxychloroquine) was observed only 
23 times.

There were 98 trials of sulfasalazine with or without NSAIDs 
or joint injections, mostly in children with ERA (57%), and the suc-
cess rate was 57.7% (95% CI 46.0–69.5). Step- up combinations 
with leflunomide or hydroxychloroquine as the only DMARD were 
observed in <25 patients.

Adding a biologic medication. A total of 171 trials 
added tumor necrosis factor (TNF) blockers to DMARD ± NSAID 
or prednisone. Patients most often had RF- negative polyarthritis 
(23.4%), RF- positive polyarthritis (22.2%), or ERA (16.4%). The 
TNF blocker was added >1 year after diagnosis in 73.1% of the 

trials, and 53.3% had ≥5 active joints at the start of the trial. For 
etanercept, the success rate was 62.0% (95% CI 51.8–72.1) in 
129 trials, and for infliximab it was 50.0% (95% CI 27.3–72.7) in 
36 trials. Anakinra combinations were observed 24 times, mostly 
in patients with systemic JIA in whom previous treatments had 
failed. Other biologics were each used in fewer trials. Details 
regarding the timing of step- up trials after diagnosis for 4 types of 
trials (NSAID monotherapy, NSAID + joint injections, adding meth-
otrexate, adding etanercept) are available (see Supplementary 
Figure 6, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.23922/ abstract).

Patient variables associated with success rate. To 
evaluate the variables influencing the rate of success, NSAID mono-
therapy and NSAID + joint injection trials were combined in logistic 
regression analyses in 798 patients. A higher number of active 
joints was strongly associated with lower success rates (Table 2). 
Other factors associated with lower success rates in adjusted 
analyses were ankle involvement and undifferentiated JIA. For tri-
als with NSAIDs with or without joint injections, 641 of 798 first 
trials (80%) were started at full study visits, and information on 

pattern of joint involvement was available (Table 2).
The variables associated with success in trials of metho-

trexate ± NSAIDs or joint injections are shown in Table 3. A higher 
number of active joints and years since disease onset was strongly 
associated with lower success rates. The only other variable signifi-
cantly associated with lower success rates after adjustment was the 
involvement of the cervical spine. Although wrist involvement was 
strongly associated with lower success in unadjusted analysis, the 
association was no longer significant after adjustment (P = 0.066). 

Figure 2. Subgroup analyses for the success rates for methotrexate (MTX) with or without nonsteroidal antiinflammatory drugs (NSAIDs) or 
joint injections (JI) with glucocorticoids among Canadian children with juvenile idiopathic arthritis. 95% CI = 95% confidence interval.
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For methotrexate with or without NSAIDs and/or joint injections, 
241 of 419 trials (57%) were initiated at full study visits, and informa-
tion on pattern of joint involvement was available (Table 3).

There were trends for associations of RF- negative polyar-
thritis, RF- positive polyarthritis, and ERA with lower success 
rates with NSAID ± joint injections (Table 2) and methotrexate 
combinations (Table  3), but these associations did not reach 
statistical significance after adjustment for the number of active 
joints and years since disease onset.

Step- down trials. Among the 1,364 observed step- down 
trials, 882 (64.7%) started when the patient fulfilled criteria for 
inactive disease. The most common step- down trials in patients 
with inactive disease involved discontinuing NSAID monotherapy 
(n = 319; 73.4% success rate [95% CI 68.3–78.5]) and stepping 
down from methotrexate and NSAID to methotrexate monother-
apy (n = 136; 74.0% success rate [95% CI 66.4–81.6]) (Figure 3).

Success rates for specific medication combinations tried 
≥25 times are detailed in Supplementary Table 2, available on 
the Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23922/ abstract.

DISCUSSION

This comprehensive analysis of data from a Canada- wide 
inception cohort of children with JIA provides estimates of the 
effectiveness of common JIA treatment strategies in real- world 
practice, including the initial strategies in the 2011 ACR recom-
mendations for the treatment of JIA (7). NSAID monotherapy and 
NSAID + joint injections were tried mostly as initial treatments in 
patients with <5 active joints and had solid rates of success of 
54% and 65%, respectively. Methotrexate with or without NSAIDs 
or joint injections was used mostly in children in whom treatment 
with NSAIDs had failed or as initial treatment for those with ≥5 
active joints and had a success rate of 60%. Step- down trials 
in patients with inactive disease had an average success rate of 
75%. These estimates of success can be discussed with families 
and weighed against the inconveniences and risks of treatment to 
arrive at better informed treatment decisions.

Our success rate of 54% with NSAID monotherapy may 
seem high, but adding treatment with naproxen in patients with 
active polyarticular or oligoarticular JIA in a randomized trial has 
been associated with ACR Pediatric 70 criteria responses of up 

Table 2. Associations of selected patient characteristics with success of step- up trials of NSAIDs ± joint injections assessed with logistic 
regression (n = 798)*

Characteristic Frequency†

Unadjusted Adjusted

OR (95% CI)‡ P OR (95% CI)§ P
No. active joints at start of trial, median (IQR) 2 (1–3) 0.89 (0.85–0.93) <0.001 0.90 (0.85–0.94) <0.001
Years since disease onset, median (IQR) 0.5 (0.3, 1.0) 0.90 (0.81–1.01) 0.065 0.92 (0.82–1.03) 0.169
Female sex 64 0.80 (0.59–1.09) 0.155 0.78 (0.56–1.09) 0.150
Age at JIA onset, median (IQR) years 7.2 (2.6–11.3) 1.00 (0.97–1.03) 0.911 1.00 (0.97–1.04) 0.767
JIA category at 6- month visit

Oligoarthritis 53 Reference Reference
RF- negative polyarthritis 14 0.36 (0.23–0.57) <0.001 0.69 (0.41–1.16) 0.163
Enthesitis- related arthritis 14 0.64 (0.42–0.99) 0.046 0.77 (0.49–1.21) 0.257
Systemic arthritis¶ 2 2.22 (0.62–8.00) 0.224 3.34 (0.83–13.4) 0.089
Psoriatic arthritis 6 0.78 (0.42–1.43) 0.413 1.05 (0.55–2.02) 0.879
RF- positive polyarthritis 1 0.11 (0.01–0.96) 0.046 0.18 (0.02–1.66) 0.131
Undifferentiated 10 0.55 (0.34–0.90) 0.017 0.59 (0.36–0.96) 0.035

Involvement of poor prognosis joint#
Cervical spine 3 0.65 (0.24–1.77) 0.402 1.56 (0.48–5.1) 0.459
Wrist 19 0.49 (0.32–0.73) 0.001 0.76 (0.47–1.25) 0.283
Sacroiliac 5 1.21 (0.57–2.58) 0.619 1.82 (0.77–4.29) 0.171
Hip 12 0.80 (0.50–1.30) 0.376 1.27 (0.73–2.21) 0.393
Ankle 34 0.51 (0.36–0.71) <0.001 0.61 (0.42–0.87) 0.007

ANA positive 51 0.82 (0.61–1.11) 0.208 0.74 (0.53–1.02) 0.070
RF positive at least once 4 0.68 (0.32–1.43) 0.311 0.96 (0.39–2.36) 0.925
B27 present 20 0.71 (0.43–1.19) 0.199 0.78 (0.43–1.40) 0.403

* Values are the percentage of patients unless indicated otherwise. NSAIDs = nonsteroidal antiinflammatory drugs; OR = odds ratio; 95% CI = 
95% confidence interval; IQR = interquartile range; JIA = juvenile idiopathic arthritis; RF = rheumatoid factor; ANA = antinuclear antibody; B27 = 
human leucocyte antigen B27. 
† Because patients who received the same treatment more than once were entered only in first- time calculations, the frequency numbers may 
vary from the number of trials quoted in text and figures. 
‡ From a logistic regression model including only the reported characteristic. 
§ From a logistic regression model including the reported characteristic and number of active joints, years since disease onset, and JIA category. 
¶ Most patients with systemic arthritis were managed initially with high- dose glucocorticoids; treatment trials of nonglucocorticoid therapies 
occurred mostly late in the course after glucocorticoids had been stopped. 
# Joints listed as indicative of poor prognosis in the American College of Rheumatology treatment recommendations. Total number of patients 
for assessment of joints of poor prognosis was 641 (80% of patients) because data on location of active joints were only collected at study visits 
and not at interim visits. Clinical data were otherwise available in >95% of patients. Data regarding ANA were available in 732 patients (92%), RF 
in 692 patients (87%), and B27 in 396 patients (50%). 
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to 50% (21), and our patients were mostly treatment- naive chil-
dren with oligoarthritis. It may seem surprising that 1 in 3 children 
receiving NSAID + joint injections did not achieve inactive disease 
since glucocorticoid injections consistently eliminate inflammation 
in the injected joint. This may be due to cases where only the most 
symptomatic joints were injected, cases where there was signifi-
cant but not full improvement, or possibly due to failure to deposit 
the glucocorticoid into the synovial cavity.

For methotrexate- based treatments, the strongest predictors 
of success were the number of active joints at the beginning of the 
trial and time since disease onset. The latter finding is compati-
ble with the concept of window of opportunity (3–6), but it could 
also be due to selection bias, as patients receiving methotrexate 
in later trials were those in whom treatment had failed or who had 
flares despite other treatments.

In analyses adjusted for active joint count and time since dis-
ease onset, JIA category had little impact, as only undifferenti-
ated arthritis was significantly associated with lower success rates 
with NSAIDs. Our adjusted analyses confirm lower success rates 
with NSAIDs ± joint injections when ankle joints were involved 
and with methotrexate combinations when the cervical spine was 

involved, but other joints listed in the ACR recommendations for 
the treatment of JIA as indicative of poor prognosis had little effect 
after adjusting for number of active joints and time since disease 
onset. The fact that pattern of joint involvement information was 
available only at full study visits (57–80% of trials) limits the power 
to detect an association of pattern of joint involvement with treat-
ment response.

The objective of this study was to assess the efficacy 
of simple nonbiologic treatments for JIA. Our patients were 
recruited from 2005 to 2010, a time when treat- to- target was 
not a widely accepted approach and biologics were not easily 
accessible. This time period offered the opportunity to study 
a large number of patients treated with nonbiologic thera-
pies with sufficient power to support our conclusions. Given 
this setting and objective, we have not emphasized results for 
biologic therapies. Suffice it to say that our 62% success rate 
for adding etanercept is identical to the reported 62% rate of 
inactive disease at 1 year with early etanercept + methotrexate 
treatment in a recent randomized trial (4). Although some may 
expect a larger number of treatment trials in patients with poly-
arthritis, we observed a qualitative rather than a quantitative 

Table 3. Association of selected patient characteristics with success of step- up trials of methotrexate with or without NSAIDs or joint injections 
(n = 419 patients)*

Characteristic Frequency†

Unadjusted Adjusted

OR (95% CI)‡ P OR (95% CI)§ P
No. active joints at start of trial, median (IQR) 4 (2–10) 0.96 (094–0.98) 0.001 0.96 (0.94–0.99) 0.002
Years since disease onset, median (IQR) 1.0 (0.6–2.0) 0.84 (0.74–0.95) 0.007 0.83 (0.72–0.95) 0.007
Female sex 72 1.02 (0.64–1.61) 0.943 1.06 (0.64–1.75) 0.829
Age at disease onset, median (IQR) years 7.2 (2.7–11.7) 0.99 (0.95–1.03) 0.564 0.99 (0.94–1.03) 0.504
JIA category at 6- month visit

Oligoarthritis 29 Reference Reference
RF- negative polyarthritis 37 0.71 (0.42–1.18) 0.182 0.94 (0.53–1.66) 0.824
Enthesitis- related arthritis 10 0.49 (0.24–1.03) 0.061 0.55 (0.25–1.20) 0.134
Systemic arthritis¶ 3 2.11 (0.43–10.2) 0.355 2.46 (0.50–12.2) 0.270
Psoriatic arthritis 7 0.59 (0.25–1.37) 0.219 0.62 (0.26–1.47) 0.277
RF- positive polyarthritis 5 0.57 (0.22–1.50) 0.257 0.69 (0.25–1.90) 0.473
Undifferentiated 10 0.44 (0.21–0.93) 0.032 0.50 (0.24–1.08) 0.079

Involvement of poor prognosis joint#
Cervical spine 6 0.23 (0.07–0.74) 0.014 0.24 (0.06–0.87) 0.031
Wrist 47 0.43 (0.25–0.74) 0.002 0.55 (0.29–1.04) 0.066
Sacroiliac 2 0.33 (0.06–1.86) 0.212 0.47 (0.07–2.95) 0.417
Hip 15 0.64 (0.31–1.34) 0.238 1.01 (0.45–2.27) 0.986
Ankle 46 0.84 (0.50–1.43) 0.526 0.93 (0.51–1.67) 0.797

ANA positive 54 0.99 (0.65–1.50) 0.948 0.98 (0.62–1.55) 0.925
RF positive at least once 10 0.68 (0.34–1.34) 0.266 1.01 (0.34–2.96) 0.992
B27 present 18 1.17 (0.53–2.58) 0.704 1.13 (0.44–2.90) 0.801

* Values are the percentage of patients unless indicated otherwise. See Table 2 for definitions. 
† Because patients who received the same treatment more than once were entered only in first- time calculations, the frequency numbers may 
vary from the number of trials quoted in text and figures. 
‡ From a logistic regression model including only the reported characteristic. 
§ From a logistic regression model including the reported characteristic and number of active joints, time since disease onset, and JIA category. 
¶ Most patients with systemic arthritis were treated initially with high- dose glucocorticoids; treatment trials of nonglucocorticoid therapies 
occurred mostly late in the course after glucocorticoids had been stopped. 
# Joints listed as indicative of poor prognosis in the American College of Rheumatology treatment recommendations. Total number of patients 
for assessment of joints of poor prognosis was 641 (80% of patients) because data on location of active joints were only collected at study visits 
and not at interim visits. Clinical data were otherwise available in >95% of patients. Data regarding ANA were available in 732 patients (92%), RF 
in 692 patients (87%), and B27 in 396 patients (50%). 
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difference; patients with oligoarthritis had as many treatment 
trials because treatment was often stopped, then reinstated 
when flares arose.

Decisions as to the start and end of a treatment trial, and 
whether it was successful or not, were sometimes difficult. In 
reality, families start treatments at different times after the recom-
mendations are made, and some recommended treatments are 
not started. We did not establish a set time when attainment of 
inactive or minimally active disease was to be determined, and 
data about treatments or outcomes may be missing at a visit; 
we used all information available from study and interim visits 
in chronological order to reach a case- by- case determination. 
We assessed attainment of the outcome, not maintenance of 
the outcome. A common scenario was that a patient achieved 
inactive disease and then experienced a flare while attempting 
to taper treatment (22). We did not differentiate treatment trials 
started because of a flare from treatment trials started because 
of continuing disease activity. We did not investigate doses 
of medications, and it could be argued that our findings may 
underestimate optimal success rates if medications were under-
dosed, especially for methotrexate. This is unlikely; in a random 
sample of 50 subjects, the median dose of methotrexate was 
13.7 mg/m2 (IQR 11.4–18.0), which is well within the recom-
mended range.

Despite the recent emphasis on early aggressive treatment 
with biologic medications, our results show that a significant 
proportion of children with JIA achieve inactive or minimally 
active disease with conventional therapies, suggesting that ini-
tial therapy with biologics is not necessary in many patients. 
Patient selection is critical when choosing conventional versus 
biologic treatments. Altogether our results support the effec-
tiveness of the simple treatment strategies listed in the ACR 

recommendations for the treatment of JIA and may also sug-
gest refinements. For example, for patients with <5 active 
joints, NSAID monotherapy is effective, but addition of joint 
injections increases effectiveness, particularly if the ankle is not 
involved. For patients with ≥5 active joints, NSAID monother-
apy had a low chance of success (27%), while the success rate 
with methotrexate was 53%.

The strengths of our study include the real- world prac-
tice cohort design in a universal health care system and the 
steps taken to reduce bias. Sampling bias was minimized by 
analyzing all patients starting all treatments across 1 country 
during a defined period. Assessment bias was minimized by 
using standardized outcome evaluation instruments that were 
collected prospectively in all patients irrespective of their treat-
ment. Expectation bias was minimized by having a panel of 
physicians apply explicit published criteria for inactive or min-
imally active disease. The study protocol called for collection 
of treatment information at interim visits, helping to optimize 
information retrieval to document treatment trials that occurred 
in between study visits.

The study has several limitations. First, using inactive dis-
ease without specification of the duration may be criticized, as 
it does not imply durability. However, achievement of inactive 
disease obviates consideration of escalating treatment and has 
been associated with a high likelihood of continued inactive dis-
ease and improved long- term outcome (23,24). Second, our 
reported success rates are the net result of medication efficacy, 
patient adherence, placebo effects, and the passage of time 
and should not be interpreted as estimates of drug efficacy over 
placebo. Yet, because these issues are always embedded in 
the real- world practice of medicine and apply to all patients, we 
believe these are reasonable estimates that should inform treat-

Figure 3. Subgroup analyses for the success rates of stepping down antirheumatic medications among Canadian children with juvenile 
idiopathic arthritis. 95% CI = 95% confidence interval; NSAID = nonsteroidal antiinflammatory drug; JI = joint injection with glucocorticoids; 
MTX = methotrexate.
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ment decisions. It is possible that some trials were stopped early 
because of toxicity and did not enter calculations due to their 
short duration. Third, no definitive inferences about the relative 
efficacies of therapies (i.e., to argue that one strategy is more 
effective than another) should be derived from our observational 
data. The treatments observed were specifically chosen for 
these patients and not randomly assigned, thus the estimates of 
success only apply to patients in similar circumstances. Fourth, 
due to lack of data, we could not assess other features of poor 
prognosis in the ACR recommendations for the treatment of JIA 
(e.g., inflammatory markers in blood or joint damage on radio-
graphs) (7).

Finally, although defined criteria for treatment success were 
applied to the collected data by investigators, the standardized 
instruments were completed by unmasked attending physicians. 
Our methods should be applied to other cohorts to test the gen-
eralizability of our findings.

In conclusion, these real- world effectiveness estimates 
show that nonbiologic treatment strategies recommended in 
current guidelines (7) are effective in achieving inactive or min-
imally active disease in many children with JIA. They remain a 
reasonable approach to initial treatment for most patients. Our 
effectiveness estimates will help support one of the overarch-
ing principles of recent treat- to- target recommendations (25): 
to design a therapeutic strategy based on shared decisions 
with patients and parents while recognizing that JIA is a het-
erogeneous group of diseases that requires distinct treatment 
approaches.
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Cumulative Incidence of Orofacial Manifestations in  
Early Juvenile Idiopathic Arthritis: A Regional, Three- Year 
Cohort Study
Peter Stoustrup,1 Mia Glerup,2 Anders E. Bilgrau,3 Annelise Küseler,1 Carlalberta Verna,4 Anne E. Christensen,5 
Kasper D. Kristensen,1 Sven Erik Nørholt,6 Marinka Twilt,7 Troels Herlin,2 and Thomas K. Pedersen6

Objective. To estimate the cumulative incidence of arthritis- induced orofacial symptoms, dysfunction, and 
dentofacial deformities in growing individuals with juvenile idiopathic arthritis (JIA) in a 36- month regional cohort 
study and to identify predictors for the development of arthritis- induced dentofacial deformities.

Methods. Data were retrieved from the Aarhus JIA temporomandibular joint (TMJ) cohort register, which contains 
standardized, longitudinal, observational data regarding orofacial conditions in patients with JIA (n = 1,040). This 
regional cohort represents the majority of all subjects with JIA from the western part of Denmark between 1990 and 
2016, regardless of TMJ arthritis status. Cumulative incidences of orofacial conditions were reported using Kaplan- 
Meier methods, and predictors for dentofacial deformity were identified using Cox proportional hazards analysis.

Results. Follow- up data from 351 subjects for 36 months were included in this study. Median age at first clinical 
examination was 6.6 years (interquartile range 4.8–9.9 years). Orofacial symptoms and dysfunctions were common 
findings at 36 months after the first clinical examination and 5 years after JIA onset, with a cumulative incidence of 
38% and 53%, respectively. Dentofacial deformities were found in 35% of subjects at the 36- month follow- up and 
were significantly associated with the presence of orofacial dysfunction.

Conclusion. Orofacial conditions were frequently observed in individuals with JIA and were represented in all JIA 
subcategories in this regional study. One- third of subjects had arthritis- induced dentofacial deformities that required 
orthopedic appliance treatment at the 36- month follow- up.

INTRODUCTION

Temporomandibular joint (TMJ) arthritis is a recognized feature 
of juvenile idiopathic arthritis (JIA), and TMJ involvement is seen in 
a substantial number of patients with JIA (1–4). TMJ involvement 
can cause joint degeneration and hamper mobility and mastica-
tory function, potentially leading to asymmetric loading of joints 
and muscles, eventually causing orofacial symptoms and dysfunc-
tion and impacting the health- related quality of life of the affected 
individuals (1,3,5–7). In growing individuals, TMJ inflammation can 
also critically affect dentofacial growth and development (8–13). The 
TMJ has an intraarticular mandibular growth site that is of crucial 
importance for normal mandibular growth and development (14) 

and therefore is considered  particularly vulnerable to TMJ arthritis. 
Arthritis- associated dentofacial growth disturbances are among the 
primary long- term concerns for patients with JIA and TMJ involve-
ment (15), and the orofacial consequences of TMJ arthritis are well 
described in the literature (1–4,6,8,11,13,16). In spite of this know-
ledge, the most commonly used clinical tools to assess JIA disease 
activity and physical function, including the Juvenile Arthritis Dis-
ease Activity Score in 27 joints, the Childhood Health Assessment 
Questionnaire, and the Juvenile Arthritis Multidimensional Assess-
ment Report, pay little specific attention to the TMJs during the 
general disease assessment of patients with JIA (17–19).

Treatment of TMJ arthritis–induced mandibular growth distur-
bances involves nonsurgical orthopedic splints and surgical orthog-
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nathic or distraction osteogenesis procedures over a long period, 
including substantial intervention and requiring an interdisciplinary 
treatment approach (20–22). Outcomes are dependent on early 
intervention initiation and excellent patient cooperation (22).

Few prospective studies have elucidated the incidence rates 
of orofacial conditions in nonselected JIA cohorts (7,23). The 
establishment of accurate population- based estimates of TMJ 
arthritis–related orofacial conditions and the identification of pre-
dictors for dentofacial deformities would improve risk assessment, 
family counseling, and the development of standardized interdis-
ciplinary treatment approaches (combining the efforts of pediatric 
rheumatologists, orthodontists, maxillofacial surgeons, and orofa-
cial pain specialists).

In this regional cohort study of growing patients, we aimed 
to estimate the cumulative incidences of patient- reported symp-
toms, clinical orofacial dysfunction, and arthritis- induced dentofa-
cial deformity in JIA and identify predictors for the development of 
arthritis- induced dentofacial deformities.

MATERIALS AND METHODS

Study design and population. Data were retrieved 
from the Aarhus JIA TMJ cohort register, containing standard-
ized longitudinal observational data on patients with JIA seen 
at the Regional Specialist Craniofacial Clinic in the section of 
orthodontics at Aarhus University in Denmark between January 
1990 and May 2016. The vast majority of diagnosed patients 
with JIA are referred to the craniofacial clinic for regular orofa-
cial examinations and management of arthritis- induced orofa-
cial conditions by the pediatric rheumatology hospital centers 
of western Denmark. The Danish health care system is a 
public, tax- funded system in which decisions related to dis-
ease management are independent of financial and insurance 
status, which means that the Aarhus JIA TMJ cohort is rep-
resentative of the overall JIA population in western Denmark. 
Patients with JIA are longitudinally followed up at the clinic 
regardless of TMJ arthritis involvement. Orthodontists with 
specialized expertise conduct the clinical examinations, and all 

clinical visits are standardized in agreement with international 
consensus- based recommendations for orofacial examination 
for JIA and include a 57- item standardized orofacial examina-
tion procedure (24).

Data were retrieved from the register using the following inclu-
sion criteria: 1) JIA diagnosis according to International League 
Against Rheumatism criteria (25), 2) younger than 14 years of age 
at first visit, to ensure remaining potential for dentofacial growth, 
3) first clinical visit in the year 2000 or later, and 4) a minimum of 
36 months of observation time with a minimum of 1 clinical orofa-
cial examination per year. The study was approved by the Danish 
Health and Medicine Authorities (3- 3013- 1803/1/) and the Danish 
Data Protection Agency (1- 16- 02- 500- 16).

Assessments. Background information was retrieved from 
the referring hospital charts, including age at JIA onset, JIA sub-
category, total number of active joints at diagnosis, antinuclear 
antibody positivity, rheumatoid factor (RF) positivity, medication 
history, and remission on/off medication at last follow- up, accord-
ing to the 2004 preliminary criteria for clinical remission by Wallace 
et  al (26) (see Supplementary Table 1, available on the Arthritis  
Care & Research web site at http://onlin elibr ary.wiley.com/doi/ 
10.1002/acr.23899/ abstract). Subjects with a final follow- up 
before 2004 were classified retrospectively according to the clas-
sifications from studies by Petty et al (25) and Wallace et al (26) 
after 2004.

Some information about first patient- reported orofacial symp-
toms was retrieved from the register. Orofacial symptoms were 
defined as the first patient or parent report of any TMJ sounds 
(crepitation/clicking), TMJ pain, pain from masticatory muscles, 
TMJ morning stiffness, or reduced chewing function. Information 
about the first abnormal examination finding of orofacial dysfunction 
was retrieved from the register. Orofacial dysfunction was defined 
as the first detection of TMJ pain on palpation, masticatory mus-
cle pain on palpation, asymmetric mouth opening, reduced max-
imal mouth opening compared to age- related non- JIA normative 
values (27), and TMJ sounds during clinical examination (crepita-
tion/clicking) as determined by a qualified orthodontist perform-
ing a standardized orofacial exam (see Supplementary Table 1, 
available on the Arthritis Care & Research web site at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.23899/ abstract). No stand-
ardized clinical criteria exist for the definition of arthritis- induced 
dentofacial deformity. Therefore, in the present study, we defined 
dentofacial deformity as “patients with clinical and radiologic find-
ings documenting arthritis- induced TMJ deformity and incipient 
dentofacial deformity, beyond normal variation, requiring ortho-
pedic treatment with dental splint.” Orthopedic treatment with 
a nonsurgical orthopedic functional appliance (distraction splint) 
was initiated following the diagnosis of dentofacial deformity. Diag-
nosis and treatment decisions related to dentofacial deformity 
were based on clinical findings and guided by radiologic findings 
of TMJ pathology, using 3- dimensional,  cone- beam  computerized 

SIGNIFICANCE & INNOVATIONS
• Orofacial symptoms were reported in 38% of the 

cohort and orofacial dysfunction occurred in 56% 
of the cohort early in the juvenile idiopathic arthritis  
(JIA) disease course.

• Arthritis-induced dentofacial deformity was diag-
nosed in 35% of skeletally immature subjects early 
in the JIA disease course and occurred in almost all 
JIA subcategories.

• The development of arthritis-induced dentofacial 
deformity was significantly associated with the 
presence of orofacial dysfunction.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
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tomography scan techniques to assess the severity of the dento-
facial deformity (28).

The definitions of TMJ symptoms, TMJ dysfunction, and 
dentofacial deformity adhere to the Temporomandibular Joint 
Juvenile Arthritis Working Group consensus- based standardized 
terminology (29).

Statistical analysis. Descriptive statistics of the median 
and interquartile range (IQR) were applied to assess age at first 
orofacial examination and time span between JIA disease onset 
and first clinical visit at the craniofacial clinic. Kaplan- Meier esti-
mates were performed to describe the cumulative incidences of 
patient- reported orofacial symptoms, orofacial dysfunction, and 
dentofacial deformity from the first clinical visit and the following 
36 months for the total cohort and for the subcategories. The 
first orofacial symptom was defined as the first date any orofacial 
symptom was reported during the clinical orofacial examination 
(including TMJ sounds, TMJ pain, pain from masticatory muscles, 
TMJ stiffness, and reduced chewing function). The first orofacial 
sign was defined as the first date that any orofacial dysfunction 
occurred during clinical orofacial examination (including TMJ pain 
on palpation, masticatory muscle pain on palpation, asymmet-
ric mouth opening, reduced maximal mouth opening, and TMJ 
sounds). The event date of dentofacial deformity was defined as 
the date that treatment with a functional orthopedic appliance 
was initiated. The first clinical visitation was defined as the event 
date in cases for which an event was already present. Censor 
time was 36 months after the date of the first clinical visit. Cox 
proportional hazards analysis was conducted to assess the asso-
ciation between predefined candidate parameters and the diag-
nosis of dentofacial growth deviation. All candidate parameters 
were dichotomized, and hazard ratios were calculated by univar-
iate Cox proportional hazards analyses. Parameters with statisti-
cally significant outcomes in the univariate analyses were included 
in a multivariate Cox proportional hazards analysis for calculation 
of adjusted hazard ratios. P values less than 0.05 were consid-
ered significant.

RESULTS

The Aarhus JIA TMJ cohort consisted of 1,040 subjects 
with JIA in May 2016. A total of 351 subjects (33.7%) met 
the predefined inclusion criteria (see Supplementary Figure 1, 
available on the Arthritis Care & Research web site at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.23899/ abstract). Rea-
sons for exclusion were the following: first visitation before 
2000 (n = 70), ≥14 years of age at first orofacial examination 
(n = 168), no initial examination at first visit (n = 17), other 
reasons (n = 27), <3 examinations (n = 307), <36 months 
total follow- up (n = 83), and 3 examinations >12 months apart 
(n = 17). The most common reason for exclusion was <3 years 
of follow- up. The median time between JIA onset and the first 

orofacial clinical examination was 668 days (IQR 364–1,026 
days), and median age at the first clinical visit at the craniofa-
cial clinic was 6.6 years (IQR 4.8–9.9 years). All JIA subcatego-
ries were represented in the study cohort, including systemic 
JIA (n = 19), persistent oligoarticular JIA (n = 137), extended 
oligoarticular JIA (n = 69), polyarticular RF–negative (n = 80), 
polyarticular RF–positive (n = 7), psoriatic arthritis (n = 15), 
enthesitis- related arthritis (n = 16), and undifferentiated arthri-
tis (n = 8). Cohort characteristics are shown in Table 1. Women 
comprised 70.1% of the included subjects.

The secondary group of excluded subjects (n = 407) (see 
Supplementary Figure 1, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23899/ 
abstract) were significantly older than the included subjects 
(median 9.5 years [IQR 5.6–11.9 years]). The group of excluded 
subjects was comparable to the study cohort in terms of JIA cat-
egory distribution and male to female ratio.

Orofacial symptoms. Twenty- five percent of the included 
subjects reported at least 1 symptom at the first clinical visit 
 (Figure  1A, Table  2), and the cumulative incidence of orofacial 
symptoms reached 38% at the 36- month follow- up, correspond-
ing to an annual incidence of 4.3% from the clinical baseline visit. 
Substantial variations in the cumulative incidences of orofacial 
symptoms were observed between JIA subcategories at the 36- 
month follow- up, varying from 21% to 62% (Figure 1B, Table 2). 
At the 36- month follow- up, the highest and the lowest incidences 
of orofacial symptoms were seen in the undifferentiated (62%) and 
systemic (21%) subcategories. The most frequently reported orofa-
cial symptoms were TMJ pain (25.1%), chewing limitation (20.5%), 
and TMJ sounds (14.2%) (Table  3). Symptomatic patients pre-
sented variable numbers of symptoms throughout the 36 months 
of observation, and the presence of multiple symptoms was rare. 
Most symptomatic subjects reported 1 symptom (16.5%) or 2 
symptoms (9.4%) during the 36 months of observation.

Orofacial dysfunction. Thirty- six percent of the total 
cohort had at least 1 clinical sign of orofacial dysfunction at the 
first clinical visit (Figure  1C, Table  2). The cumulative incidence 
increased to 53% at the 36- month follow- up, corresponding to 
an annual incidence of 6.7% from the baseline orofacial examina-
tion. Substantial variations in the cumulative incidences of orofacial 
dysfunctions were observed between JIA subcategories at the 36- 
month follow- up, varying from 27% to 75% (Figure 1D, Table 2). 
The highest and the lowest incidences of orofacial dysfunctions 
were seen in the enthesitis- related (75%) and psoriatic arthritis 
(27%) subgroups. The most frequent orofacial dysfunctions were 
asymmetric mouth opening (25.1%) and muscular pain on palpa-
tion (21.7%) (Table 3), and the number of clinical signs of orofacial 
dysfunction also varied among the subjects during the 36 months 
of observation. The presence of >2 signs of orofacial dysfunction 
was rare (Table 3).

http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
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Arthritis- induced dentofacial deformity. Two percent 
of the subjects had already received orthodontic/orthopedic treat-
ment for dentofacial deformity at the first clinical visit (Figure 2A, 
Table 2), and the cumulative incidence of subjects receiving treat-
ment for arthritis- induced dentofacial deformity increased in a 
nonlinear fashion to 35% at the 36- month follow- up. Substantial 
variations in cumulative incidences of dentofacial deformity were 
observed between JIA subcategories at the 36- month follow- up, 
varying from 0% to 51% (Figure 2B, Table 2). The highest and 
lowest follow- up subcategory incidences of dentofacial deformity 
were seen in the polyarticular RF–negative JIA (51%) and the poly-
articular RF–positive JIA subgroups (0%).

Association between subject characteristics and 
dentofacial deformity. Characteristics that were signifi-
cantly associated with the risk of dentofacial deformity in the 

univariate Cox proportional hazards analysis (Table 4) included 
the presence of orofacial symptoms at the baseline orofacial 
examination (hazard ratio [HR] 2.22 [95% confidence interval 
(95% CI) 1.45–3.41]) and the presence of orofacial dysfunc-
tion at the baseline orofacial examination (HR 3.28 [95% CI 
2.23–4.83]). Only the presence of orofacial dysfunction at the 
baseline orofacial examination was significantly associated 
with dentofacial deformity in the multivariate hazard analysis 

(HR 1.86 [95% CI 1.24–2.8]) (Table 4).

DISCUSSION

To the best of our knowledge, this is the largest study to 
investigate the orofacial complications of JIA to date. This study 
demonstrated that orofacial symptoms and dysfunction are com-
mon 36 months after the first clinical examination and ~5 years 

Figure 1. Cumulative incidences of first orofacial symptoms and first orofacial dysfunction within the 36 months following first clinical orofacial 
examination. A, First orofacial symptom in the total cohort. B, First orofacial symptom within juvenile idiopathic arthritis (JIA) subcategories. C, 
First orofacial dysfunction in the total cohort. D, First orofacial dysfunction within JIA subcategories. Broken lines represent the 95% confidence 
intervals (A and C). poly RF pos. = polyarticular rheumatoid factor positive; oligo pers. = persistent oligoarticular; PsA = psoriatic arthritis; oligo 
ext. = extended oligoarticular; ERA = enthesitis-related arthritis; poly RF neg. = polyarticular RF negative; undiff. = undifferentiated.
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after JIA onset, with cumulative incidences of 38% and 53%, 
respectively. Orofacial symptoms and dysfunctions were present 
in all JIA subcategories, and dentofacial deformity occurred in 
one- third of subjects at the 36- month follow- up, ~5 years after 
JIA onset. These findings represent new and important insights 
into the prevalence of orofacial complications in growing subjects 
with JIA.

Previous cross- sectional and longitudinal observational 
studies have consistently reported the presence of TMJ arthritis 
in a substantial proportion of children and adolescents with JIA 
(1,3,7); however, prior studies have also implied that JIA- induced 
orofacial symptoms and dysfunction are rare in young individuals 
with recent JIA onset. A cross- sectional study by Olson et al (30) 
showed that symptoms of dysfunction were almost absent in sub-
jects younger than 7 years of age. In 2008, a study by Weiss et al 
(4) demonstrated that TMJ arthritis was present in the majority 
of patients with new- onset JIA (median age 8.6 years), despite 
the fact that 71% were asymptomatic. The findings in the present 
study conflict with these previous findings and indicate a high inci-
dence of orofacial complications in children in a JIA cohort, with 
a median age of 6.6 years at first orofacial examination. The mul-
tivariate Cox proportional hazards analysis showed a significant 

association only between clinical orofacial dysfunction and dento-
facial deformity, which underlines the unpredictable nature of the 
arthritis- induced growth deviations that can occur in all JIA sub-
categories. It is noteworthy that age at onset, number of involved 
joints at diagnosis, and biologic prescription were not significantly 
associated with the presence of dentofacial deformity. It is also 
noteworthy that a small proportion of subjects diagnosed with 
dentofacial deformity presented isolated TMJ arthritis with no other 
involved joints at onset, as recently shown in a study by Hügle et al 
(31). This specific group was characterized by a longstanding and 
complex course before JIA diagnosis was established.

The cumulative incidences reported in the present study can 
be used to approximate the general risk of orofacial complications 
within all JIA subcategories. We recognize that not all kinds of oro-
facial symptoms and dysfunction necessarily require active dis-
ease treatment nor have a significant impact on health; however, 
the findings in the current study underline that clinical orofacial 
examination is an essential element in the general health assess-
ment of individuals diagnosed with JIA, regardless of JIA subcat-
egory. Contrast- enhanced magnetic resonance imaging (MRI) is 
the gold standard for TMJ arthritis diagnosis, and previous studies 
have shown that clinical orofacial examination has a low sensitivity  

Table 2. Cumulative incidence (95% confidence interval) of orofacial symptoms, orofacial dysfunction, and dentofacial deformity in subjects 
with JIA within 36 months after first orofacial examination*

No. of 
patients

0 months 
(first visit) 12 months 24 months 36 months

Events within 
first 36 months

Orofacial symptom 
Total cohort 351 0.25 (0.20–0.29) 0.29 (0.24–0.34) 0.33 (0.28–0.38) 0.38 (0.33–0.43) 133
Systemic 19 0.16 (0.00–0.31) 0.16 (0.00–0.31) 0.21 (0.00–0.37) 0.21 (0.00–0.37) 4
Oligoarticular persistent 137 0.18 (0.11–0.24) 0.23 (0.15–0.30) 0.26 (0.19–0.34) 0.32 (0.23–0.39) 43
Oligoarticular extended 69 0.26 (0.15–0.36) 0.29 (0.17–0.39) 0.33 (0.21–0.44) 0.38 (0.25–0.48) 26
Polyarticular RF negative 80 0.32 (0.21–0.42) 0.35 (0.24–0.45) 0.39 (0.27–0.49) 0.46 (0.34–0.56) 37
Polyarticular RF positive 7 0.29 (0.00–0.55) 0.43 (0.00–0.70) 0.43 (0.00–0.70) 0.43 (0.00–0.70) 3
PsA 15 0.20 (0.00–0.38) 0.33 (0.05–0.53) 0.40 (0.09–0.60) 0.47 (0.14–0.67) 7
ERA 16 0.44 (0.13–0.63) 0.50 (0.18–0.69) 0.50 (0.18–0.69) 0.50 (0.18–0.69) 8
Undifferentiated 8 0.62 (0.08–0.85) 0.62 (0.08–0.85) 0.62 (0.08–0.85) 0.62 (0.08–0.85) 5

Orofacial dysfunction
Total cohort 351 0.36 (0.31–0.41) 0.42 (0.36–0.47) 0.48 (0.42–0.53) 0.53 (0.48–0.58) 186
Systemic 19 0.21 (0.00–0.37) 0.32 (0.07–0.50) 0.42 (0.15–0.61) 0.42 (0.15–0.61) 8
Oligoarticular persistent 137 0.34 (0.26–0.42) 0.39 (0.30–0.46) 0.43 (0.34–0.51) 0.49 (0.40–0.57) 67
Oligoarticular extended 69 0.39 (0.26–0.50) 0.41 (0.28–0.51) 0.48 (0.35–0.58) 0.54 (0.40–0.64) 37
Polyarticular RF negative 80 0.36 (0.25–0.46) 0.47 (0.35–0.57) 0.58 (0.45–0.67) 0.64 (0.52–0.73) 51
Polyarticular RF positive 7 0.14 (0.00–0.37) 0.29 (0.00–0.55) 0.29 (0.00–0.55) 0.29 (0.00–0.55) 2
PsA 15 0.20 (0.00–0.38) 0.27 (0.00–0.46) 0.27 (0.00–0.46) 0.27 (0.00–0.46) 4
ERA 16 0.62 (0.29–0.80) 0.62 (0.29–0.80) 0.69 (0.35–0.85) 0.75 (0.42–0.89) 12
Undifferentiated 8 0.62 (0.08–0.85) 0.62 (0.08–0.85) 0.62 (0.08–0.85) 0.62 (0.08–0.85) 5

Dentofacial deformity
Total cohort 350† 0.02 (0.01–0.03) 0.24 (0.20–0.29) 0.32 (0.27–0.37) 0.35 (0.30–0.40) 123
Systemic 19 0.00 (0.00–0.00) 0.11 (0.00–0.23) 0.11 (0.00–0.23) 0.16 (0.00–0.31) 3
Oligoarticular persistent 136 0.03 (0.00–0.06) 0.21 (0.14–0.28) 0.24 (0.17–0.31) 0.28 (0.20–0.35) 39
Oligoarticular extended 69 0.00 (0.00–0.00) 0.26 (0.15–0.36) 0.39 (0.26–0.50) 0.41 (0.28–0.51) 28
Polyarticular RF negative 80 0.01 (0.00–0.04) 0.32 (0.21–0.42) 0.48 (0.35–0.57) 0.51 (0.39–0.61) 41
Polyarticular RF positive 7 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0
PsA 15 0.07 (0.00–0.18) 0.20 (0.00–0.38) 0.33 (0.05–0.53) 0.33 (0.05–0.53) 5
ERA 16 0.00 (0.00–0.00) 0.19 (0.00–0.36) 0.19 (0.00–0.36) 0.19 (0.00–0.36) 3
Undifferentiated 8 0.12 (0.00–0.33) 0.50 (0.00–0.75) 0.50 (0.00–0.75) 0.50 (0.00–0.75) 4

* PsA = psoriatic arthritis (see Table 1 for other definitions). 
† A total of 351 subjects were included, but one subject had started treatment for dentofacial deformity before first clinical visit. 
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for diagnosis of TMJ arthritis (16). However, the standardized 
 orofacial examination serves 3 additional and important purposes: 
1) providing a solid basis for the general assessment of dentofacial
growth and development when sudden onset of orofacial symp-
toms, alterations in TMJ function, and/or development of dentofa-
cial deformity should prompt increased attention and appropriate 
referral of the patient for further clinical and radiologic orofacial 
examinations; 2) enabling the diagnosis of TMJ arthritis–induced 
orofacial symptoms, dysfunction, and growth deviations in previ-
ously asymptomatic subjects; and 3) allowing for the assessment 

of dentofacial growth and development and the progression of 
symptoms and dysfunction in subjects who were diagnosed with 
TMJ involvement. These complications may occur as a conse-
quence of previous TMJ arthritis and are not always associated 
with the presence of findings of active TMJ inflammation on MRI.

Recently, international multidisciplinary consensus- based 
recommendations have highlighted important aspects for inclu-
sion in the orofacial examination of subjects with JIA within spe-
cific domains, including background information and general 
disease history, orofacial symptoms, masticatory muscle and TMJ 
function, and orofacial function and dentofacial growth (24). An 
international multidisciplinary task force under the Temporoman-
dibular Joint Juvenile Arthritis Working Group network is currently 
validating a standardized patient symptom questionnaire and a 
3- minute clinical examination protocol exclusively for JIA.

The present study included many strengths. The first strength 
is the fact that the distribution of the different JIA subcategories 
in our study cohort is comparable to previous population- based 
studies in the Scandinavian JIA population and comparable to the 
group of excluded subjects from the Aarhus TMJ register (32). 
The second strength of our study is the inclusion of subjects from 
the large nonselected Aarhus JIA TMJ cohort that represents the 
JIA population of western Denmark. Orofacial examination and 
treatment is an integrated part of the pediatric rheumatology care 
offered to Danish patients with JIA regardless of financial or insur-
ance status. According to the Danish Rheumatism Association 
(33), approximately 1,200 children (ages <16 years) in Denmark 
have a diagnosis of JIA; when including subjects ages >16 years, 
approximately 2,000 subjects in Denmark are diagnosed with JIA. 
Demographically, ~60% of the total JIA population are assigned 
for orofacial examination at the Western Regional Specialist Cra-
niofacial Clinic. In May 2016, the Aarhus JIA TMJ cohort con-
sisted of 1,040 subjects, which encompasses ~60% of the total 
Danish JIA population. The third strength of the present study is 
the routine examination regime for all cohort subjects, regardless 

Table 3. Relative prevalence of individual events and number of 
unique events per subject within the first 36 months*

Events
Prevalence of orofacial symptoms, % 

TMJ sounds 14.2
TMJ pain 25.1
TMJ stiffness 10.6
Muscle pain 6.0
Chewing limitation 20.5

No. of symptoms (per subject), no. (%)
None 218 (62)
1 58 (16.5)
2 33 (9.4)
3 26 (7.4)
4 14 (4)
5 2 (0.6)

Prevalence of orofacial dysfunctions, %
Reduced maximal incisal opening† 10.0
Asymmetric mouth opening 25.1
TMJ pain on palpation 15.4
Muscular pain on palpation 21.7
TMJ sounds 16.0

No. of dysfunctions (per subject), no. (%)
None 165 (47)
1 105 (29.9)
2 47 (13.4)
3 26 (7.4)
4 8 (2.3)

* TMJ = temporomandibular joint.
† Two SDs below age- related normative values. 

Figure 2. Cumulative incidence of dentofacial deformity within the 36 months following first clinical orofacial examination. A, Within the total 
cohort. B, Dentofacial deformity within juvenile idiopathic arthritis subcategories. Broken lines represent the 95% confidence interval (A). See 
Figure 1 for definitions.
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of the presence of TMJ involvement. The fourth strength is the 
use of orofacial examination standards that were in agreement 
with consensus- based recommendations conducted by specially 
trained orthodontists. The consensus- based recommendations on 
clinical orofacial examination were published in 2017 (24). These 
JIA- specific recommendations comply with historical recommen-
dations for clinical orofacial examination in subjects with tempo-
romandibular disorders (TMDs), and those recommendations still 
constitute the scientific foundation for contemporary assessment 
of orofacial symptoms and dysfunction (34,35). Another strength 
of the present study is that all subjects received the exact same 
orofacial examination, which means that subjects included before 
2017 received a standardized orofacial examination complying 
with the 2017 JIA- specific recommendations.

Attrition was a general limitation to the present study, where 
66% (n = 689) of the total Aarhus JIA TMJ cohort was excluded 
due to strict inclusion criteria. During the secondary exclusion pro-
cess (see Supplementary Figure 1, available on the Arthritis Care & 
Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.23899/ abstract), most of the subjects were excluded due to  
follow- up issues. The fact that, at first examination, the excluded 
subjects were ~3 years of age older than the subjects in the 
included study cohort could introduce a bias to the presented 
results. It could be argued that the high degree of exclusion 
due to follow- up issues could impact the results with an over-
representation of subjects with symptoms, dysfunction, and 
deformities. An argument against this is that JIA- induced oro-
facial symptoms and dysfunctions occur more often during 
the teenage years, which is similar to general TMD conditions 
in a non- JIA population (30,36,37). According to a 2009 lon-
gitudinal study by Fjeld et  al (11), the JIA- specific dentofacial 
deformities are established between 9 and 12 years of age dur-
ing the dentofacial growth spurt. The older age at first visitation 
of the excluded subjects (9.5 years) favors a hypothesis that an 
even greater proportion of the excluded subjects could pres-
ent dentofacial deformities during a 36- month follow- up than 
the included study cohort, for whom the median age was 6.6 
years at first examination. The study by Fjeld and colleagues (11) 
demonstrated that JIA- specific dentofacial growth abnormalities 
did not develop to a significant degree between 6 and 9 years of 
age when compared to a non- JIA control group.

We recognize the limitations to the findings of the present 
study. One such limitation is the delay of 668 days between JIA 
onset and the first clinical orofacial examination. Another  limitation 
is the fact that some of the subcategories included a limited 
number of subjects, representing a risk of bias to the reported 
incidences. TMJ arthritis is a subdiagnosis of the more general 
TMD, seen in 7–12% of the population without JIA (36,37). TMD 
is considered to be a multifactorial condition encompassing both 
degenerative, congenital, functional, and autoimmune etiologies 
(38,39). A second limitation of the present study is that no diag-
nostic methods exists to distinguish between JIA- related orofa-
cial symptoms and dysfunction and other TMD- related etiologies. 
This may, however, only introduce a minor bias to our findings, 
since TMD- related orofacial symptoms and dysfunction are most 
often observed in the late teenage population and infrequently 
in the age group examined in this study (36). A third limitation is 
the lack of standardized clinical definitions of dentofacial growth 
deviations. Since minor dentofacial deformity, such as dentofacial 
asymmetry, is a relatively common finding in a non- JIA popula-
tion of 7- year- olds (40), one may question whether the reported 
35% cumulative incidence of dentofacial deformity could rep-
resent normal variation in non- JIA individuals. In the present 
study, dentofacial deformity refers only to the proportion of the 
cohort receiving orthopedic appliance treatment for a deviating 
dentofacial growth pattern. The decision to initiate orthopedic 
appliance treatment was guided by clinical orofacial dysfunction 
findings and cone- beam computerized tomography scan evi-
dence of TMJ and dentofacial deformity, and we feel confident 
that the reported 35% represents patients with arthritis- induced 
dentofacial deformity. We initiated early application of orthopedic 
treatment as soon as radiologic evidence of TMJ deformity and/
or dentofacial deformity occurred, according to standard proce-
dure. We have previously shown the clinical merits of the early 
application of orthopedic splint treatment in 7- year- old subjects 
with unilateral TMJ arthritis–induced dentofacial deformity and 
find it unethical to postpone initiation of treatment until dentofacial 
deformity becomes more severe (22).

It is important to note that only subjects younger than 14 
years of age were included in our cohort, in order to assess dento-
facial deformity among growing subjects when interpreting our 
results. Therefore, our results cannot be extrapolated to the entire 

Table 4. Association between orofacial symptoms, orofacial signs, subject characteristics, and the development of dentofacial deformity 
within 3 years after baseline orofacial examination*

Univariate crude 
HR (95% CI) P

Multivariate crude 
HR (95% CI)

Adjusted 
P

No. subjects with 
feature

Orofacial symptoms† 2.22 (1.45–3.41) 0.0002 1.4 (0.89–2.2) 0.14 30†
Orofacial dysfunction† 3.28 (2.23–4.83) 0.0000 1.86 (1.24–2.8) 0.003 45†
Age >9 years at JIA onset 1.18 (0.76–1.84) 0.47 – – 64
ANA positive 1.4 (0.98–2.00) 0.07 – – 145
Active joint count at diagnosis >4 joints 1.42 (0.94–2.14) 0.1 – – 70

* Dentofacial deformity is defined as the need for orthopedic intervention. HR = hazard ratio; 95% CI = 95% confidence interval; ANA = antinuclear
antibody. 
† Events identified during the baseline orofacial examination. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23899/abstract
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JIA population, which includes an age range of 0–16 years. We 
hypothesize that the relative population- based incidence of dento-
facial deformity would be slightly lower if nongrowing  subjects 
ages 14–16 years old had also been included, since late JIA onset 
rarely leads to dentofacial growth deviation requiring orthopedic 
treatment. Future population- based research is needed to clarify 
this issue.

Recently, important progress has been made in the manage-
ment of TMJ arthritis and the related orofacial complications of 
JIA. Namely, consensus- based recommendations have been pub-
lished for clinical orofacial examination of patients with JIA (24), a 
consensus- based MRI scoring system has been developed (41,42) 
with additional proposals for an objectively reliable way to quantify 
TMJ synovial enhancement (43), reliable and valid morphomet-
ric measures have been proposed to assess dentofacial deformity 
(28), and, due to relatively low long- term effects on inflammation 
and marked risk for side effects, concerns have been raised 
regarding the use of intraarticular TMJ steroid injections for TMJ 
arthritis in growing individuals (44–46). We believe that the findings 
presented in the current study will further aid the management of 
TMJ arthritis, enabling risk assessment of orofacial complication in 
JIA. In conclusion, we found substantial cumulative incidences of 
orofacial symptoms and dysfunction at a 36- month follow- up, and 
it is noteworthy that approximately one- third of these patients had 
arthritis- induced dentofacial deformity that was associated only 
with the presence of orofacial dysfunction.
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Gait Adaptations in Youth With Juvenile Idiopathic Arthritis
Gregor Kuntze,1  Colleen Nesbitt,1 Alberto Nettel-Aguirre,1 Shane Esau,1 Robyn Scholz,1 Julia Brooks,2 
Marinka Twilt,3 Clodagh Toomey,1 Dianne Mosher,1 Janet L. Ronsky,1 Susanne Benseler,3 and Carolyn A. Emery1

Objective. Juvenile idiopathic arthritis (JIA) affects body structure and function and physical activity outcomes. 
The present study was undertaken to examine differences in gait kinematics during fixed- speed treadmill walking for 
youth with JIA and typically developing (TD) youth.

Methods. Sagittal plane gait kinematics were obtained using a 12- camera system (Motion Analysis) for youth with 
JIA (n = 30) and their age and sex- matched TD peers (n = 30). Outcomes included disease activity, pain, well- being, 
and peak sagittal hip, knee, and ankle joint angles. Kinematics were analyzed for the indexed leg (IL) (i.e., the affected 
leg of participants with JIA) compared to the dominant leg of TD participants and for the contralateral leg (CL) (i.e., 
the less/not affected leg of participants with JIA) compared to the nondominant leg of TD participants. Kinematics 
differences were investigated using multivariate Hotelling’s T2 statistic (paired samples; α = 0.05) and simultaneous 
95% confidence intervals (95% CIs). Potential confounders (age, sex, body mass index) were assessed using linear 
mixed- effects models with random effect for pairs.

Results. Youth with JIA had low disease activity, pain, and disability scores. Deviations in bilateral joint angles 
were observed (IL P = 0.015, CL P = 0.009). Youth with JIA walked with greater initial hip flexion (mean difference  
IL 2.8° [95% CI –0.6, 6.2]; CL 3.0° [–0.9, 6.9]) and lower knee extension (mean difference IL –2.2° [95% CI –4.4, 0.1]; 
CL –3.3° [–7.4, 0.8]), and lower hip extension during terminal stance (mean difference IL 3.4° [95% CI –0.3, 7.0];  
CL 4.0° [1.0, 7.0]).

Conclusion. Despite low disease activity, youth with JIA avoided the close- packed knee position, commonly 
associated with joint inflammation and pain. These findings highlight secondary consequences of JIA and inform 
targets for physical therapy management for youth with JIA.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common 
chronic childhood rheumatic disease, affecting approximately 
1 in 1,000 Canadian children and 0.1–4.0 per 1,000 children 
worldwide (1,2). JIA typically develops early in childhood, with 
a mean onset age of 4.8 years (range 0.6–16.4 years) (1–3). 
JIA symptoms include joint swelling, pain, stiffness, muscle 
weakness, atrophy, and resultant movement abnormality and 
restrictions. The current standard of care for JIA management 
constitutes early, targeted pharmacologic intervention using 
nonsteroidal antiinflammatory drugs, intraarticular glucocorticoid  
injections, disease- modifying agents, and biologics to prevent 

disease progression and promote normal growth and develop-
ment (4).

The secondary consequences of JIA affect a range of body 
structure and function, physical activity, and participation out-
comes, as defined by the International Classification of Function-
ing, Disability, and Health framework (5). JIA has been associated 
with reduced physical activity (6), impaired postural balance (7), 
altered hip, knee, and ankle joint mechanics during gait and jump-
ing activities (8–11), decreased physical fitness (12), as well as 
bone and muscle structure (13) and strength deficits (14). The 
more recent introduction of modern pharmacologic therapies, 
including disease- modifying agents and biologics, has signif-
icantly decreased the burden of disease and long- term disabil-
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ity for children and youth with JIA. It is likely that these therapies 
affect the secondary consequences of JIA, enabling children and 
youth to participate in greater amounts of physical activity than 
was possible before. However, resultant participation in physical 
activity in youth with JIA during periods of disease remission raises 
important questions regarding potential risk factors for injury and 
clinical recommendations for physical activity exposure in recrea-
tion and exercise therapy (15).

Given the heterogeneous nature of JIA, there is a continu-
ing need to characterize alterations in body structure and func-
tion in children and youth with JIA that persist despite the use 
of modern pharmacologic management. This information is 
essential to determine potential risk factors for injury, to inform 
guidelines for physical activity participation, and to identify tar-
gets for physical therapy management. This is particularly rel-
evant in light of the increasing attention on community- based 
and therapist- supervised physical activity interventions for 
children and youth with JIA (16–20). Efforts to quantify differ-
ences in body structure and function in response to JIA have 
been supported by the use of computerized motion analysis 
(8,10,21). Here, the motions of the segments (i.e., legs and 
trunk) and the forces that the participant is exerting during activ-
ities such as walking, running, or jumping are captured using 
camera- based motion analysis systems and sensitive force- 
measuring equipment. However, while differences in walking 
speed may form part of the secondary consequences of JIA, 
biomechanical outcomes are sensitive to confounders such as 
walking speed (22). Consequently, it may be advantageous to 
control walking speed to limit the creation of a measurement 

bias regarding the type and severity of functional impairments 
attributable to JIA.

The objective of this study was to characterize the second-
ary consequences of JIA for youth with JIA who receive modern 
pharmac ologic management and targeted physical therapy. Specif-
ically, this study focused on combined differences in sagittal plane 
kinematics at the hip, knee, and ankle joints during fixed- speed 
treadmill walking in youth with JIA compared to their age-  and sex- 
matched healthy peers. It is anticipated that the findings of this 
study will provide new insights on body structure and function alter-
ations that inform targets for clinical management to support a safe 
return to participation in physical activity for youth with JIA.

SUBJECTS AND METHODS

Participants. This cohort study employed a matched 
pairs design, matching for age (within 1.5 years) and sex with 
a total cohort size of 65 participants and a total of 30 matched 
pairs. Matched pairs were selected using specific matching cri-
teria to ensure consistency in pairs allocation. Participants in the 
typically developing (TD) group were assigned to participants 
in the JIA group based on the closest match in age by month 
between individuals. Participants in the JIA group were recruited 
sequentially as they presented to their acting physician and 
physical therapist at the Pediatric Rheumatology Clinic at the 
Alberta Children’s Hospital and the Richmond Road Diagnostic 
and Treatment Centre Rheumatology Clinic in Calgary. Partici-
pants in the TD group were recruited through the Healthy Infants 
and Children Clinical Research Program at the Alberta Children’s 
Hospital, participant siblings and friends, and word- of- mouth 
recruitment. Testing was conducted between July 2016 and 
January 2018.

Inclusion criteria for participants with JIA were as follows: age 
10–20 years; JIA diagnosis by a physician using American College 
of Rheumatology guidelines; unilateral or bilateral knee involve-
ment exclusive of systemic symptoms; and no change in medica-
tion for 3 weeks prior to testing. Participants were considered to 
have unilateral involvement if at least 1 knee was involved without 
involvement of the contralateral knee at any time. Bilateral involve-
ment required involvement of both knees at any point in time. 
Further, joints could be symptomatic or in remission at the time 
of testing. Participants in the TD group were required to have no 
history of JIA or other rheumatologic diseases. Exclusion criteria 
for all participants were as follows: contraindications as indicated 
on the Physical Activity Readiness Questionnaire for Everyone  
(a 7- item self- administered questionnaire); active ankle joint(s); 
pregnancy; previous lower extremity musculoskeletal injury 
within 3 months prior to testing that resulted in time loss (work, 
school, or sport); diagnosis of any other arthritides; intraarticular 
steroid injection within 3 months prior to testing; or any current  
medical problem that prevented participation in the study (e.g.,  
neurologic conditions).

SIGNIFICANCE & INNOVATIONS
• Knowledge of subtle functional differences be-

tween individuals with juvenile idiopathic arthritis  
(JIA) and their typically developing (TD) peers in-
forms targets for physical therapy management 
and may be important for injury prevention.

• This study investigated differences in sagittal plane 
hip, knee, and ankle angles during fixed-speed 
treadmill walking using a matched pairs design to 
further clarify the consequences of JIA in a youth 
population.

• Alterations in bilateral gait mechanics of the knee 
and hip despite low disease signs and symptoms 
indicate an avoidance pattern of the close-packed 
knee position, which may act to limit joint compres-
sion, thereby reducing the activation of potentially 
sensitized sensory receptors of the inflamed joint.

• Findings on differences in joint mechanics between 
participants receiving modern pharmacologic  
management and their TD peers contribute further 
evidence on the secondary consequences of JIA and 
inform targets for physical therapy to restore nor-
mal joint function.
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Ethics approval was granted by the University of Calgary 
Conjoint Health Research Ethics Board (ethics ID: REB15- 3125) 
and Alberta Health Services. All participants provided signed con-
sent and assent.

Physician assessment. A physician assessment was con-
ducted by the same study rheumatologist (SB) for 26 of 30 partici-
pants in the JIA group. Disease activity was recorded following the 
clinical version of the 10- point Juvenile Arthritis Disease Activity 
Score (cJADAS10) guidelines. The cJADAS is a sensitive continu-
ous score of disease activity developed for use with individuals with 
JIA (23). The cJADAS comprises measures of active joint count 
(10 joints), physician global assessment of disease activity, and 
evaluation of the child’s well- being. Further, the Childhood Heath 
Assessment Questionnaire (C- HAQ) was completed by the study 
participants. The C- HAQ is a valid and reliable tool for use with 
children and adolescents with JIA (24) and provides information 
about self- assessed physical disability across 8 domains. Each 
item of the C- HAQ is scored on a 4- point ordinal scale (range 0–3, 
where 0 = without any difficulty and 3 = unable to do) and may 
be summarized as a disability index. Further, the C- HAQ is com-
plemented by 2 visual analog scales (VAS) of disease- related pain 
and overall well- being, each scored on a scale of 0 to 3.

Gait assessment. Participants were fitted with 32 reflective 
spherical markers affixed to the skin of the legs and pelvis, pro-
viding at least 3 noncollinear markers for the pelvis, thigh, lower 
leg, and foot segments. After collecting a neutral standing pose, 
bilateral gait kinematics were collected during walking on a PPS 
Med treadmill (Woodway) at 1.2 ms−1 using a 1° inclination, in line 
with normal walking speeds in youth (25). Due to a mixture of 
individuals with and without experience of treadmill exercise, all 
participants were given a brief familiarization period to become 
accustomed to treadmill walking and provided verbal confirma-
tion when they felt comfortable with the walking task. Thereafter, 
gait kinematics were recorded for 60 seconds using a 12- camera, 
240- Hz optical motion capture system (Motion Analysis).

Data processing. Marker coordinates were processed 
using EVaRT (Motion Analysis), and hip, knee, and ankle joint kine-
matics were computed using Visual3D (C- Motion). Marker data 
were filtered using an 8- Hz Butterworth filter. Sagittal plane joint 
angle waveforms for the right and left hip, knee, and ankle joints 
were normalized to the gait cycle (101 data points) by extract-
ing heel- strike events for the right and left feet. Heel strikes were 
identified based on heel marker position and acceleration data 
using custom code implemented in Matlab, version 2016b (Math-
Works). All resultant data were therefore inclusive of stance and 
swing phases of walking. Due to the loss of a thigh marker on 
the contralateral leg (CL) of 1 participant with JIA, the hip and 
knee data for this participant and the matched pair were excluded 
from the analysis. Joint kinematics outcomes at the hip, knee, 

and ankle included the following: peak hip flexion at initial con-
tact; peak hip extension at preswing; peak knee extension at initial 
contact; peak knee flexion during swing; peak ankle dorsiflexion 
(terminal stance); and peak ankle plantarflexion (initial swing). Peak 
angles were extracted using custom written Matlab code. Peak 
angle data were analyzed with respect to the affected leg of par-
ticipants with JIA (the indexed leg [IL]) compared to the dominant 
leg of TD participants. Here, the affected leg refers to the leg with 
an involved knee joint (identified by the study rheumatologist [SB]). 
In cases of a bilateral knee involvement, the affected leg was iden-
tified by the participants as the leg that they felt was generally 
affected worse. Conversely, the less affected or unaffected leg of 
participants with JIA (i.e., the CL) was compared to the nondom-
inant leg of the TD participants. The dominant leg of TD partici-
pants was identified by determining which leg they would prefer to 
kick a ball with. The results of our study of the indexed/dominant 
and contralateral/nondominant legs are referred to in the current 
study as IL and CL comparisons, respectively.

Statistical analysis. Data analyses were conducted 
using Matlab and R, version 3.5.0 (R Foundation). Data were 
first assessed for normality using Shapiro- Wilk’s tests and 
graphed for normality and outliers. After testing for homogene-
ity of covariance matrices using Box’s M test (26), the effects of 
JIA on kinematics outcomes of the IL and CL were investigated 
using multivariate Hotelling’s T2 analyses (26) (α = 0.05). Here, 
paired data were considered as dependent multivariate samples. 
When significant pair differences were observed, the simultaneous 
95% confidence intervals (95% CIs) of the pair differences were 
computed to assess the magnitude of differences in each dimen-
sion to shed light on which dimensions differ most between pairs. 
Simultaneous 95% CIs enable the estimation of a family of coef-
ficients, thereby accounting for all linear combinations of com-
ponent means in multivariate data. Consequently, the resultant 
simultaneous 95% CIs tend to be conservative and comparatively 
wide. A Bonferroni method for the computation of simultaneous 
95% CIs was therefore implemented to provide more precise 
confidence statements following methods described by Johnson 
and Wichern (27). The effects of potential confounders (age, sex, 
body mass index) on kinematics outcomes were explored using 
linear mixed- effects models in R for each outcome (28). Specifi-
cally, pairing was considered as a random effect, and age, sex, 
and body mass index were considered as fixed effects/covariates.

RESULTS

Cohort characteristics. A total of 65 male and female 
participants ages 10–20 years volunteered for participation. Thirty 
participants had an ongoing diagnosis of JIA, and 35 were TD 
controls. JIA and TD groups were similar with respect to age, 
height, weight, and sex distributions (Table 1). Participants with 
JIA displayed predominantly oligoarticular and polyarticular JIA 
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classifications (46.7%, respectively) with 6.7% of the participants 
classified as having enthesitis- related JIA. The median disease 
duration was 80 months (range 0–173 months). The physician 
assessment was conducted for 26 of 30 youth with JIA who 
displayed low scores for physician global assessment of dis-
ease activity (mean ± SD 0.5 ± 0.7) (0–10 range), active joint 
count (mean ± SD 1.6 ± 4.9 joints), and joints with limited range 
of motion (mean ± SD 1.7 ± 4.9 joints). Parent assessment of dis-
ease activity was completed for 20 of 30 participants (mean ± SD 
1.1 ± 2.0) (range 0–10) because not all participants were accom-
panied by their parents. The type of antirheumatic drug received 
was reported by 28 participants. A total of 71% of participants 
with JIA were taking disease- modifying antirheumatic drugs, 36% 
were taking biologics, and 32% were receiving intraarticular ste-

roid injections at the time of participation.
All participants completed the C- HAQ pain measure and 

global evaluation VAS (range 0–3). Median pair differences (inter-
quartile range) (0.1 [0.0, 0.6]) indicated slightly elevated pain rat-
ings and reduced global evaluation scores (0.2 [0.0, 0.6]) in youth 

with JIA, as well as elevated disability ratings for some individuals 

with JIA (0.0 [0.0, 0.3]) (Table 2).

Gait biomechanics. Multivariate Hotelling’s T2 analyses of 
peak hip, knee, and ankle angle data revealed significant mean pair 
differences for the multivariate outcome vectors for IL (P = 0.015) 
and CL (P = 0.009) comparisons. Exploration of the magnitude 
of the differences was performed using the mean pair differences 
and simultaneous 95% CIs (Bonferroni method). At initial contact, 
participants with JIA had a more flexed hip (mean pair difference 
IL 2.8° [95% CI –0.6, 6.2]; CL 3.0° [–0.9, 6.9]) and a more flexed 
knee (mean pair difference IL –2.2° [95% CI –4.4, 0.1]; CL –3.3° 
[–7.4, 0.8]) than their TD peers (Table 3 and Figures 1 and 2). Dur-
ing preswing, participants with JIA displayed a bilateral reduction 
in peak hip extension (mean pair difference IL 3.4° [95% CI –0.3, 
7.0]; CL 4.0° [1.0, 7.0]). Further, during the swing phase, partic-
ipants with JIA displayed slightly greater CL peak knee flexion 
(mean pair difference –2.4° [95% CI –5.2, 0.4]), with only small dif-
ferences observed for the IL (mean pair difference –1.2° [95% CI 
–4.0, 1.7]). In contrast, pair differences in peak ankle plantarflexion
and dorsiflexion angles (IL and CL) were generally small, with 95% 

CIs centered around zero (Figure 3).
Exploration of the effects of age, sex, and body mass index 

on pair differences using linear mixed- effects models indicated 
significant pair differences for peak knee extension angles (coeffi-
cient of fixed effect [CFE] IL –2.4° [95% CI –3.8, –0.8], P = 0.005; 
CL –3.4° [–5.8, –1.1], P = 0.008), peak knee flexion angles (CFE 
CL –2.5° [95% CI –4.3, –0.6], P = 0.015), peak hip flexion angles 
(CFE IL 2.6° [95% CI 0.2, 5.0], P = 0.043; CL 2.8° [0.1, 5.5], 
P = 0.049), and peak hip extension angles (CFE IL 3.0° [95% CI 
0.7, 5.4], P = 0.021; CL 3.8° [95% CI 4.2, 5.8], P < 0.001). Further, 
a significant effect of sex was observed, where peak knee flexion 

Table  1. Participant characteristics of typically developing (TD) 
youth and youth with juvenile idiopathic arthritis (JIA)*

TD 
(n = 35)

Matched TD 
(n = 30)

JIA 
(n = 30)

Age, mean ± SD years 14.8 ± 2.9 15.0 ± 2.7 14.8 ± 2.6
Height, mean ± SD 

 meters
1.61 ± 0.12 1.62 ± 0.12 1.63 ± 0.14

Weight, mean ± SD kg 52.1 ± 13.1 53.4 ± 12.8 55.6 ± 15.0
Female sex 25 (71.4) 21 (70.0) 21 (70.0)
Disease course

Oligoarticular NA NA 14 (46.7)
Polyarticular NA NA 14 (46.7)
Enthesitis related NA NA 2 (6.7)
Time since 

diagnosis, mean 
(range) months

NA NA 80 (0–173)

Physician global 
assessment of 
disease activity, 
mean ± SD (range 
0–10)†

NA NA 0.5 ± 0.7

Parent global 
assessment of 
disease activity, 
mean ± SD (range 
0–10)‡

NA NA 1.1 ± 2.0

Active joint count, 
mean ± SD joints†

NA NA 1.6 ± 4.9

Joints with limited 
ROM, mean ± SD 
joints†

NA NA 1.7 ± 4.9

Drug management
DMARDs NA NA 28 (71)
Biologics NA NA 28 (36)
Intraarticular steroid 

injections
NA NA 28 (32)

* Values are the number (%) unless indicated otherwise. NA = not
applicable; ROM = range of motion; DMARDs = disease- modifying 
antirheumatic drugs. 
† Conducted for 26 of 30 patients with JIA. 
‡ Conducted for 20 of 30 patients with JIA. 

Table  2. Childhood Health Assessment Questionnaire (C- HAQ) 
outcomes for youth with juvenile idiopathic arthritis (JIA), their 
typically developing (TD) peers, and pair differences*

TD 
(n = 35)

JIA 
(n = 30)

Pair 
differences 

(JIA–TD) 
(n = 30)

Pain (range 0–3)
Mean ± SD 0.3 ± 0.6 0.4 ± 0.5 0.2 ± 0.8
Median (IQR) 0.0 (0.0, 0.20) 0.3 (0.0, 0.7) 0.1 (0.0, 0.6)
Range (min., max.) (0.0, 2.0) (0.0, 2.3) (–2.0, 2.3)

Global evaluation 
(range 0–3)

Mean ± SD 0.1 ± 0.2 0.5 ± 0.8 0.5 ± 0.8
Median (IQR) 0.0 (0.0, 0.0) 0.2 (0.0, 0.6) 0.2 (0.0, 0.6)
Range (min., max.) (0.0, 0.7) (0.0, 2.8) (–0.5, 2.8)

C- HAQ DI (range 0–3)
Mean ± SD 0.0 ± 0.1 0.2 ± 0.3 0.2 ± 0.3
Median (IQR) 0.0 (0.0, 0.0) 0.0 (0.0, 0.3) 0.0 (0.0, 0.3)
Range (min., max.) (0.0, 0.3) (0.0, 0.9) (–0.3, 0.9)

* IQR = interquartile range; C- HAQ DI = disability index of the C- HAQ. 
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angles were greater for females than males (CFE IL 3.5° [95% 
CI 1.5, 5.6], P = 0.011; CL 2.8° [95% CI 0.7, 5.0], P = 0.026). In 
addition, a significant effect of age was observed for peak hip flex-
ion angle, where for every change of 1 week in age the outcome 
decreased by 0.01–0.02° (CFE IL –0.01° [95% CI –0.02, –0.01], 
P = 0.021; CL –0.02° [95% CI –0.03, –0.01], P = 0.007).

DISCUSSION

The findings of this study provide further evidence for the 
secondary consequences of JIA in youth who receive modern 
pharmacologic management and targeted physical therapy. While 
youth with JIA scored generally low for physician- , parent- , and 
self- assessed outcomes of disease activity (Tables 1 and 2), which 
indicates effective disease management for individuals in this 
cohort, alterations in hip and knee joint kinematics were observed. 

These findings indicate functional adaptations that have been 
associated with joint inflammation and pain.

A bilateral knee extension deficit at initial contact was 
observed for youth with JIA (Table 3 and Figure 2), indicating a 
symmetrical alteration of the gait pattern. The likely effect of this 
alteration is avoidance of the close- packed knee position (i.e., 
the position of maximum congruence of the articulating joint sur-
faces), which is typically associated with joint pain and inflamma-
tion. It is interesting to note that Hartmann et al (8) did not observe 
a knee extension deficit at initial contact of gait, which may be 
explained by differences in study populations and methodolo-
gies. Specifically, gait adaptations for individuals with symmetric 
polyarticular JIA with hip, knee, and ankle joint involvement likely 
differ from those of the current cohort of individuals with unilateral 
and  bilateral JIA with a lower joint count and no ankle involve-
ment (Table 1). Indeed, the physician examination indicated active 

Table 3. Joint angle outcomes for youth with juvenile idiopathic arthritis (JIA), their typically developing (TD) peers, and 
matched pair differences*

TD, 
mean ± SD 

degrees

JIA, 
mean ± SD 

degrees

Mean pair 
difference ± SD 

degrees 95% CI†
Indexed, dominant leg (30 matched pairs)

Peak hip flexion (initial contact) 38.1 ± 5.0 40.9 ± 6.1 2.8 ± 6.6 –0.6, 6.2
Peak hip extension (preswing) –9.7 ± 5.3 –6.4 ± 5.1 3.4 ± 7.0 –0.3, 7.0
Peak knee flexion (swing) –70.8 ± 4.4 –72.0 ± 4.7 –1.2 ± 5.5 –4.0, 1.7
Peak knee extension (initial contact) 0.2 ± 2.9 –2.0 ± 3.9 –2.2 ± 4.3 –4.4, 0.1
Peak ankle dorsiflexion (terminal stance) 15.0 ± 2.3 14.4 ± 3.3 –0.6 ± 4.3 –2.9, 1.6
Peak ankle plantarflexion (initial swing) –16.9 ± 4.9 –16.0 ± 5.0 0.9 ± 6.1 –2.3, 4.0

Contralateral, nondominant leg (29 matched pairs)
Peak hip flexion (initial contact) 37.9 ± 5.3 40.9 ± 6.2 3.0 ± 7.4 –0.9, 6.9
Peak hip extension (preswing) –10.9 ± 4.6 –6.9 ± 4.7 4.0 ± 5.7 1.0, 7.0
Peak knee flexion (swing) –69.4 ± 3.9 –71.8 ± 4.5 –2.4 ± 5.3 –5.2, 0.4
Peak knee extension (initial contact) 1.2 ± 4.4 –2.1 ± 5.1 –3.3 ± 7.8 –7.4, 0.8
Peak ankle dorsiflexion (terminal stance) 14.2 ± 2.7 14.3 ± 3.2 0.1 ± 3.6 –1.8, 2.0
Peak ankle plantarflexion (initial swing) –15.4 ± 4.5 –17.5 ± 5.5 –2.1 ± 7.2 –5.9, 1.7

* 95% CI = 95% confidence interval. 
† With Bonferroni adjustment. 

Figure 1. Mean sagittal plane hip kinematics during walking. Data are presented for the indexed (A) and contralateral (B) legs for the juvenile 
idiopathic arthritis (JIA) and typically developing (TD) groups. Hip joint angles are in degrees and normalized to the complete gait cycle from heel 
strike to consecutive heel strike of the same leg. Flex. = flexion; ext. = extension.
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joints other than the knee for only 6 participants, of which only 3 
had additional active lower extremity joints (hip n = 1; feet n = 2). 
Further, differences in walking speed may significantly affect joint 
kinematics in youth. Therefore, the reduced walking speed 
of participants with JIA in the study by Hartmann et al (8) may 
have enabled greater knee extension by reducing the resultant 
knee moment (22). While the focus of the current study was the 
joint motion extremes, the mean group knee angle data (Figure 2) 
indicate a further knee extension deficit in terminal stance for 
youth with JIA, in line with observations by Hartmann et  al (8). 
These findings highlight that avoidance of the close- packed knee 
position, at initial contact and terminal stance, is a concern across 
a range of JIA subtypes and severities of joint involvement. This 
avoidance pattern is interesting, given the generally low pain and 
disease activity scores reported by participants with JIA in this 
study, and may result from sensory sensitization of the inflamed 
joint. Increased sensitivity to mechanical and thermal stimuli in the 
absence of pain has been reported for individuals with JIA (29). 

Avoidance of the closed- packed position, in turn, may act to limit 
joint compression and associated stimulation of mechanical knee 
receptors.

In addition to the knee extension deficit at initial contact, 
youth with JIA displayed greater bilateral hip flexion at initial con-
tact and reduced hip extension at terminal stance (Table 3 and 
Figure 1). These findings are in line with observations reported by 
Hartmann et al (8) and Frigo et al (11) and likely represent a com-
pensation pattern to maximize the effective hip range of motion in 
the presence of reduced knee extension. Hurwitz et al (30) outline 
a mechanism whereby participants with osteoarthritis increased 
hip extension using greater anterior pelvic tilt and lumbar lordosis. 
The presence of this compensatory strategy in JIA is supported 
by observations by Broström et  al (31), who report anecdotal 
 evidence for greater lumbar lordosis in youth with JIA. While pel-
vic tilt was not considered directly in the current study, the mean 
sagittal plane hip pattern (Figure 1) illustrates a consistent offset 
across the gait cycle between JIA and TD groups, supporting the  

Figure 2. Mean sagittal plane knee kinematics during walking. Data are presented for the indexed (A) and contralateral (B) legs for the juvenile 
idiopathic arthritis (JIA) and typically developing (TD) groups. Knee joint angles are in degrees and normalized to the complete gait cycle from 
heel strike to consecutive heel strike of the same leg. Flex. = flexion; ext. = extension. Color figure can be viewed in the online issue, which is 
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23919/abstract.

Figure 3. Mean sagittal plane ankle kinematics during walking. Data are presented for the indexed (A) and contralateral (B) legs for the juvenile 
idiopathic arthritis (JIA) and typically developing (TD) groups. Ankle joint angles are in degrees and normalized to the complete gait cycle from 
heel strike to consecutive heel strike of the same leg. Dorsi. = dorsiflexion; plant. = plantarflexion. Color figure can be viewed in the online issue, 
which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23919/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23919/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23919/abstract
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presence of a compensatory pelvic alignment to maximize hip 
range of motion in youth with JIA.

Contrary to previous observations of a substantial knee flex-
ion deficit during swing for children with JIA (8), there was only 
limited evidence in support of reduced knee flexion for the cur-
rent study population (Table 3). Specifically, no differences were 
observed for the IL, and mean differences for the CL were char-
acterized by comparatively small 95% CIs. These findings indicate 
that participants with JIA included in this study were not affected 
by substantial limitations in knee flexion range of walking. Further, 
these findings illustrate that the potential impact of walking- speed 
controls as lower knee flexion angles during swing, described in 
the literature, may be attributable in part to differences in walking 
speeds (22).

Despite the reported differences at the hip and knee joints, no 
significant alterations were observed at the ankle joint. Given the 
primary focus of this study on the effects of knee involvement on 
lower leg movement patterns, it was thought unlikely that a com-
pensatory ankle pattern would be observed. Indeed, the majority of 
participants reported low joint counts (Table 1), with few reports of 
foot involvement. In line with these observations, Hendry et al (32) 
reported no differences in foot function during gait for youth with JIA 
who are managed using modern pharmacologic therapies. How-
ever, any potential alterations at the ankle joint are likely dependent 
on disease activity, and the presence of compensatory mecha-
nisms should be investigated with respect to relevant JIA subtypes.

While every effort was made to limit the effects of poten-
tial confounders on study outcomes, it is important to consider 
their effects to gain confidence in any observed pair differences 
related to the effects of JIA. The findings of the linear mixed- 
effects model supported the multivariable analysis findings, indi-
cating that paired differences for peak hip flexion and extension 
(IL and CL), knee extension (IL and CL), and knee flexion (CL) 
angles varied across pairs. The magnitude and direction of the 
paired differences were in line with those discussed above. Fur-
ther, effects of sex on peak knee flexion and age on peak hip 
flexion were observed. Specifically, females appeared to walk 
with significantly lower bilateral peak knee flexion than males, 
and peak hip flexion appeared to decrease with age. These find-
ings indicate the importance of considering the influence of both 
sex and age in the design of studies aimed at understanding the 
consequences of JIA and in the evaluation of the efficacy of exer-
cise intervention in restoring typical joint movement patterns.

This study focused on youth with a primary knee involve-
ment and implemented sequential sampling as the primary 
recruitment strategy. The findings of this study are therefore 
not representative of the entire population of youth with JIA but 
are a subset of the local clinical population. Further, the find-
ings have to be viewed with respect to the use of fixed- speed 
treadmill walking, which may affect gait kinematics. Due to the 
inclusion of participants over the age of 18, C- HAQ outcomes 
have to be viewed with caution. Given the relatively small paired 

differences in study outcomes and homogeneous JIA cohort, 
it is important to expand recruitment to include more severe 
cases and further subtypes of JIA. This provides the means to 
gain further insights on the potential effects of disease activity/
duration on gait mechanics and provide a more inclusive picture 
of the secondary consequences of JIA. The observations of sex 
and age effects on study outcomes highlight the importance of 
their consideration in study design. Given the comparatively low 
number of male participants in the current cohort, additional 
work is needed to substantiate the observations of this study.

In conclusion, youth with JIA who receive modern pharmaco-
logic and targeted physical therapy management display bilateral 
knee and hip joint kinematic alterations that may act as a com-
pensatory mechanism to limit knee joint compression during gait. 
These findings contribute further evidence regarding the second-
ary consequences of JIA. An integrated management approach to 
reduce joint inflammation, restore normal joint function, and miti-
gate the potential effects of sensory sensitization is important. Fur-
ther research is needed to evaluate the secondary consequences 
of JIA across disease classifications. Sport-  and recreation- 
specific movement tasks for youth with JIA should be considered. 
This knowledge base informs future research regarding injury risk 
and the efficacy of physical therapy and exercise interventions to 
enable a safe return to physical activity for youth with JIA.
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Rheumatoid Arthritis Flares After Total Hip and Total Knee 
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Objective. Most patients with rheumatoid arthritis (RA) undergoing total hip arthroplasty (THA) and total knee 
arthroplasty (TKA) have active RA and report postoperative flares; whether RA disease activity or flares increase the 
risk of worse pain and function scores 1 year later is unknown.

Methods. Patients with RA were enrolled before THA/TKA. Patient- reported outcomes, including the Hip disability 
and Osteoarthritis Outcome Score (HOOS)/Knee Injury and Osteoarthritis Outcome Score (KOOS) and physician 
assessments of disease characteristics and activity (Disease Activity Score in 28 joints [DAS28] and Clinical Disease 
Activity Index), were collected before surgery. Patient- reported outcomes were repeated at 1 year. Postoperative 
flares were identified using the RA Flare Questionnaire weekly for 6 weeks and were defined by concordance between 
patient report plus physician assessment. We compared baseline characteristics and HOOS/KOOS scores using 
2- sample t- test/Wilcoxon’s rank sum test as well as chi- square/Fisher’s exact tests. We used multivariate linear and 
logistic regression to determine the association of baseline characteristics, disease activity, and flares with 1- year 
outcomes.

Results. One- year HOOS/KOOS scores were available for 122 patients (56 with THA and 66 with TKA). Although 
HOOS/KOOS pain was worse for patients who experienced a flare within 6 weeks of surgery, absolute improvement 
was not different. In multivariable models, baseline DAS28 predicted 1- year HOOS/KOOS pain and function; each 
1- unit increase in DAS28 worsened 1- year pain by 2.41 (SE 1.05; P = 0.02) and 1- year function by 4.96 (SE 1.17; P = 
0.0001). Postoperative flares were not independent risk factors for pain or function scores.

Conclusion. Higher disease activity increased the risk of worse pain and function 1 year after arthroplasty, but 
postoperative flares did not.

INTRODUCTION

Utilization rates of total hip arthroplasty (THA) and total knee 
arthroplasty (TKA) remain high for patients with rheumatoid arthri-
tis (RA), and the data guiding optimal management of RA med-
ications during surgery are limited. The American College of 
Rheumatology (ACR) and the American Association of Hip and 
Knee Surgeons guideline recommends withholding biologics and 
limiting glucocorticoids perioperatively (1). This recommendation 
weighed the risk of flares with concern for infection at the time 
of surgery, as disease- modifying antirheumatic drugs (DMARDs), 

biologics, and glucocorticoids are known to increase infection 
risk, and withdrawal precipitates flares in other settings (1–4). 
While a causal relationship between biologics and infection after 
THA/TKA has not been conclusively established (5,6), a patient 
panel supported this idea of causation and concurred that risk of 
infection was much more important to them than postoperative 
flares, which they felt were an expected part of arthroplasty recu-
peration (7).

Optimizing the perioperative management of RA may 
improve long- term arthroplasty outcomes, which are worse in 
patients with RA compared to patients with osteoarthritis. Despite 
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similar absolute improvements, Hip disability and Osteoarthri-
tis Outcome Score (HOOS) function is worse (82.9 versus 91.8;  
P < 0.001), and the risk of a poor function (HOOS function <60) 
is 4 times higher compared to osteoarthritis. In addition, 4 times 
more patients with RA have worse pain scores 2 years after sur-
gery (defined as HOOS pain <60) (RA 12% versus osteoarthritis 
3%; P < 0.001) (8–10). The reasons for this difference are not 
known, but disease activity or flares may play a role.

The majority of patients undergoing THA and TKA are on bio-
logics, methotrexate, or other DMARDs, yet disease activity at the 
time of surgery remains high (11). We have previously reported 
that the mean ± SD Disease Activity Score in 28 joints (DAS28) 
was 3.7 ± 1.5 at the time of surgery, and only 30% of the cohort 
was in low disease activity or remission by DAS28 criteria (12). 
Moreover, 65% of patients report a flare, with severe worsening 
of symptoms, within 6 weeks of THA and TKA (11,12). Whether 
postoperative flares or high disease activity affect 1- year surgical 
outcomes is not known. The purpose of this study was to describe 
the relationship of perioperative disease activity and flares of RA 
with pain and function scores 1 year after THA/TKA.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 
at the Hospital for Special Surgery (number 2014- 233), and all 
included patients signed informed consent. The study is reported 
per the Strengthening the Reporting of Observational Studies in 
Epidemiology checklist for cohort studies (13).

The RA Perioperative Flare Study is a prospective observa-
tional cohort study of patients with RA undergoing THA and TKA 
at a single high- volume tertiary care center for musculoskeletal 
diseases November 2014 through April 2018. The records of all 
patients undergoing THA and TKA were screened to identify RA 
patients, and all patients with confirmed RA age >18 years were 
eligible. The first 120 patients in the cohort were recruited consec-
utively prior to surgery, either on the day of surgery or during the 
preoperative visit, and the subsequent cases were  preferentially 

selected from patients with positive anti–citrullinated protein anti-
bodies (ACPA). Participants were undergoing elective THA or TKA 
and met classification criteria for RA using ACR/European League 
Against Rheumatism 1987 or 2010 criteria (14,15) or were con-
firmed as having RA by the principal investigator (SMG), so all 
consecutive patients, including those with low disease activity, 
could be included in the initial cohort.

Data collection. Enrolled patients underwent a compre-
hensive evaluation including patient-  and physician- reported mea-
sures and laboratory evaluations at baseline and at 6 weeks after 
surgery (see Supplementary Table 1, available on the Arthritis Care 
& Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24091/ abstract). Baseline data were collected during the pre-
operative medical screening, performed within 2 weeks of surgery, 
or on the day of surgery prior to the start of the operation.

Participants answered a questionnaire each week for 6 con-
secutive weeks postoperatively addressing RA status and disease 
flares. Patient- reported outcome measures were repeated at 1 
year. Baseline data collected included age, sex, comorbidities, 
duration of disease, and medications. Serologic status for rheu-
matoid factor and ACPA and inflammatory markers were obtained 
at baseline prior to surgery. Surveys included the Routine Assess-
ment of Patient Index Data 3 (RAPID3), the Rheumatoid Arthritis 
Disease Activity Index (RADAI), the Clinical Disease Activity Index 
(CDAI), the Multidimensional Health Assessment Questionnaire 
(MDHAQ), and the DAS28 using the erythrocyte sedimentation 
rate (ESR) (16,17). Joint counts (excluding the operated joint), 
inflammatory markers, DAS28- ESR, MDHAQ, CDAI, RADAI, and 
RAPID3 were completed at baseline and 6 weeks. Participants 
also completed the tender/painful joint region score, modified 
from the RADAI questionnaire, including a self- report of specific 
painful and swollen joints on a homunculus depicting 40 joints. 
The CDAI is a composite disease activity measure of tender 
joint count, swollen joint count, patient global assessment, and 
physician global assessment of disease activity scored from  
0 to 76, where a higher score is worse, with the following categories: 
high disease activity (>22), moderate (10.1–22.0), low (2.9–10.0), 
and remission (≤2.8) (17). The RAPID3 includes the 3 areas of the 
RA core set, physical function, pain, and a patient global estimate 
of disease activity, and is scored 0–10 with the following categories: 
high (>4), moderate (2.01–4), low (1.01–2), and near- remission (≤1)  
(18,19). The DAS28- ESR is a composite disease activity mea-
sure, scored 0–10, with the following activity categories: high 
(>5.1), moderate (3.21–5.1), low (2.61–3.2), and remission (≤2.6), 
and a change in score of 1.2 is considered significant for patients 
with moderate disease activity (17,19–23). The MDHAQ adds 2 
function questions to the Health Assessment Questionnaire (HAQ) 
and is scored 0–3 (18,19,24). Participants completed the HOOS 
or the Knee injury and Osteoarthritis Outcome Score (KOOS) at 
baseline and at 1 year. The HOOS and KOOS are validated lower- 
extremity instruments that are sensitive to change after THA and 

SIGNIFICANCE & INNOVATIONS
• The relationship of perioperative disease activity 

and flares of rheumatoid arthritis (RA) with pain 
and function scores 1 year after total hip arthro-
plasty (THA) and total knee arthroplasty (TKA) is  
unknown.

• Understanding the reason for poor pain and func-
tion scores of RA patients compared to those with 
osteoarthritis can ultimately help optimize postop-
erative care for RA patients.

• Patients with high disease activity at the time of 
THA/TKA experience improvements in pain and 
function, but less than those with well-controlled 
RA.
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TKA; in this study, HOOS/KOOS function refers to activities of daily 
living, which are relevant after THA/TKA (25). The mean clinically 
important difference is 10 points on a 1–100 scale, with a higher 
score indicating better status. A score <60 indicates poor pain or 
function (26–28). Medication use was standard of care; biologic 
DMARDs were stopped prior to surgery, and the last date of use 
was recorded. Medications withheld for surgery were considered 
to be in current use and were typically restarted at week 4–6.

Assessment of flares. The Rheumatoid Arthritis Flare 
Questionnaire, which has been validated in clinical and observa-
tional trials and includes questions about severity and duration of 
flares, self- management, and medication use, was administered 
at baseline and weekly for 6 weeks postoperatively. A score of 
>7 indicates a severe flare (11,17,29,30). Flares were identified 
by self- report as a response to the anchor question “Are you in a 
flare? Yes/No” and confirmed by concordance between patient 
report and physician assessment of concurrent RAPID3. Patients 
also reported a painful and swollen joint region score, modified 
from the RADAI questionnaires, on a homunculus depicting 40 
joints. All aggregate data, including baseline data, were assessed 
for each patient independently by 2 investigators (SMG, BM, or 
VPB) after the 6- week visit to assign a physician assessment of 
inflammatory worsening (flare yes or no), with high concordance 
between investigators (11).

Statistical analysis. Baseline characteristics were sum-
marized as frequencies and percentages for categorical variables 
and as mean ± SD for continuous variables. Categorical varia-
bles were compared using the chi- square or Fisher’s exact test. 
Continuous variables were compared using a 2- sample t- test or 
 Wilcoxon’s rank  sum test. One- year outcomes (HOOS/KOOS 
pain, function, and the change in pain and function) were com-
pared based on flare status at the time of surgery. Since these 
data were not normally distributed by the Shapiro- Wilk test, 
the median and interquartile range were used for the summary, 
and they were compared using Wilcoxon’s rank sum test. Spear-
man’s correlation coefficients were calculated to evaluate the 
associations between disease activity and 1- year HOOS/KOOS 

pain and  function outcomes since all these data were not nor-
mally distributed by the Shapiro- Wilk test, with an absolute value 
>0.7, indicating a strong correlation. Univariate and multivariate 
regression analyses were performed to explore the relationship 
between predictors and disease activities at 1 year. Linear regres-
sion analyses were performed; RAPID3, DAS28, and CDAI were 
transformed to categorical variables: high/moderate versus low/
remission (reference group), and logistic regression analyses were 
performed. Statistically significant predictors (a P value less than 
0.05) in the univariate analysis were included in the multivariate 
analysis; flare status was forced into the model as the variable 
of interest. The final models for multivariate analysis were chosen 
using a backward selection method.

RESULTS

We included 122 patients in the final analysis; 315 initially gave 
consent, 129 were lost to follow- up, and 64 had not yet reached 
the 1- year examination at the time of this analysis  (Figure 1). There 
was no statistically significant difference in the baseline character-
istics and disease activities of patients who were included (n = 122) 
and who were not included (n = 193), except age, race, RADAI, 
and physician global scores. Specifically, the patients who were 
included in this study were younger (age 61.50 ± 11.35 versus 
64.47 ± 11.09 years; P = 0.01), more likely to be white (80% versus 
56%; P = 0.001), with a relatively higher RADAI score (9.82 ± 7.99 
versus 5.98 ± 7.47; P = 0.001), and with a relatively lower physi-
cian global assessment score (4.23 ± 1.99 versus 4.68 ± 1.72; 
P = 0.04) (see Supplementary Table 2, available on the Arthri-
tis Care & Research web site at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24091/ abstract). Of the 122 patients included in 
the final analysis, 104 (85%) were female, 98 (80%) were white, 
and 56 (46%) were undergoing THA. There was no statistically 
significant difference in the baseline characteristics and disease 
activity between the patients undergoing TKA versus THA (see 
Supplementary Table 3, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24091/ 
abstract) except RA criteria and biologic medication treatment. 
Specifically, TKA patients were more likely to meet ACR criteria for 

Figure 1. Recruitment flow chart.
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RA than THA patients (89% versus 72%; P = 0.04); TKA patients 
were also more likely to be treated with biologic medications than 
THA patients (59% versus 39%; P = 0.03).

Of 117 patients who reported their flare status, 68 (58.1%) 
had a flare within 6 weeks of surgery, of whom 37 (54.41%) had 
a flare at baseline. More patients with flares were taking biologics 
and glucocorticoids; methotrexate use was no different between 
groups. Patients who reported flares had higher baseline dis-
ease activity, including DAS28- ESR (no flare 3.07 ± 1.04 versus 
flare 3.88 ± 1.29; P = 0.0002) and statistically and clinically sig-
nificantly worse scores for HOOS/KOOS pain and function than 
those who did not have a flare (Table 1). The absolute change in 
HOOS/KOOS pain and HOOS/KOOS function from baseline to 
1 year was no different in patients who had a flare; both groups 
achieved clinically significant improvements (Table 2). Pain scores 
improved >40 points (no flare 42.5 ± 20 versus flare 47.4 ± 28.8; 
P = 0.25), and function scores improved ≥35 points (no flare 
35.3 ± 33.8 versus flare 39.05 ± 26.35; P = 0.09), with no sig-
nificant difference between groups. However, despite significant 
improvement, HOOS/KOOS pain scores at 1 year were clinically 
and statistically significantly worse in patients who had a flare (no 
flare 97.20 ± 13.90 versus flare 87.5 ± 20.0; P = 0.02). HOOS/
KOOS function at 1 year was not significantly different between 
the groups (no flare 93.35 ± 20.60 versus flare 86.80 ± 20.60; 
P = 0.07). Flare severity was no different between patients with 

poor HOOS/KOOS pain or function at 1 year compared to those 

with either no flare or less severe flares.
We next sought to determine whether baseline RA disease 

activity or other clinical features are associated with HOOS/
KOOS pain and function at 1 year. We used Spearman’s cor-
relations and revealed associations between baseline disease 
activity and HOOS/KOOS pain and function at 1 year (see Sup-
plementary Table 4, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24091/ 
abstract). DAS28 at baseline and HOOS/KOOS function at 1 year 
were significantly negatively correlated (Spearman’s ρ = –0.46; 
P < 0.0001, indicating that lower disease activity was associated 
with improved pain and function).

We constructed linear regression models to explore the 
association of baseline disease activity, flares, or other clinical 
features and HOOS/KOOS pain scores at 1 year. White race, 
body mass index (BMI), flare, DAS28, and baseline HOOS/
KOOS pain and function all predicted HOOS/KOOS pain at 1 
year in the univariate models (Table 3). In the multivariate model, 
DAS28 and BMI remained statistically significant after adjusting 
for the other clinical features (Table 4). Specifically, each 1- unit 
increase in DAS28 worsens the pain score at 1 year by 2.41 
points (P = 0.02), and each 1- unit increase in BMI worsens the 
pain score at 1 year by 0.54 points (P = 0.004). While BMI asso-
ciation is a consistent and statistically significant finding, this BMI 
association translates to a requirement of ~20 units of difference 
in BMI to increase the pain score by 10 points, a minimum clin-
ically significant change. Notably, there was no statistically sig-
nificant difference in the risk of worse pain at 1 year between 
patients who reported postoperative flares compared to those 
who did not (P = 0.22). We also examined clinical predictors of 
function 1 year after arthroplasty. In a univariate linear regres-
sion model built to explore predictors of HOOS/KOOS function 
1 year after surgery, baseline DAS28, MDHAQ, RAPID3, BMI, 

Table 1. Baseline characteristics of the participants*

Variable and level
No flares 
(n = 49)

Flares 
(n = 68) P

Age, years 63.44 ± 10.21 60.32 ± 10.76 0.12
Female, no. (%) 41 (83.67) 59 (86.76) 0.64
White, no. (%) 46 (93.88) 48 (70.59) 0.01
Body mass index 27.69 ± 6.26 29.18 ± 7.18 0.25
RA 1987 criteria, no. (%) 7 (14.58) 9 (13.85) 0.37
RA 2010 criteria, no. (%) 15 (31.25) 14 (21.54) –
Methotrexate use, no. (%) 26 (53.06) 35 (52.24) 0.93
Steroids use, no. (%) 17 (34.69) 28 (41.79) 0.44
Biologic use, no. (%) 22 (44.90) 36 (53.73) 0.35
RF positive, no. (%) 20 (41.67) 26 (38.24) 0.93
Anti- CCP positive, no. (%) 35 (71.43) 46 (67.65) 0.94
Baseline assessment

MDHAQ 3.31 ± 1.62 4.11 ± 1.35 0.02
RAPID3 12.77 ± 6.06 17.07 ± 4.09 0.0002
RADAI 6.96 ± 5.85 12.26 ± 8.53 0.0003
SJC 3.57 ± 3.61 5.43 ± 6.02 0.17
TJC 2.77 ± 4.44 3.78 ± 5.23 0.18
DAS28- ESR 3.07 ± 1.04 3.88 ± 1.29 0.002
HOOS/KOOS pain 46.56 ± 20.43 33.22 ± 16.50 0.004
HOOS/KOOS 

function
51.98 ± 22.88 39.73 ± 16.87 0.02

* Values are the mean ± SD unless indicated otherwise. RA =  
rheumatoid arthritis; RF = rheumatoid factor; CCP = cyclic citrul-
linated peptide; MDHAQ = Multidimensional Health Assessment 
Questionnaire; RAPID3 = Routine Assessment of Patient Index Data 3;  
RADAI = Rheumatoid Arthritis Disease Activity Index; SJC = swollen 
joint count; TJC = tender joint count; DAS28- ESR = Disease Activity 
Score in 28 joints using the erythrocyte sedimentation rate; HOOS/
KOOS = Hip disability and Osteoarthritis Outcome Score/Knee Injury 
and Osteoarthritis Outcome Score. 

Table  2. Comparison of 1- year outcome based on flares  at the 
time of the surgery*

Variable
No flares 
(n = 49)

Flares 
(n = 68) P

HOOS/KOOS pain at  
1 year

97.20 ± 13.90† 87.5 ± 20.00† 0.02†

HOOS/KOOS function at  
1 year

93.35 ± 20.60 86.80 ± 20.60 0.071

Change in HOOS/
KOOS pain 1 year 
from baseline

42.50 ± 20.0 47.40 ± 28.80 0.25

Change in HOOS/
KOOS function  
1 year from baseline

35.30 ± 33.80 39.05 ± 26.35 0.088

HAQ at 1 year 1.70 ± 2.30 2.30 ± 2.00 0.04
* Values are the median ±  interquartile range unless indicated 
otherwise. HOOS/KOOS = Hip disability and Osteoarthritis Outcome 
Score/Knee Injury and Osteoarthritis Outcome Score; HAQ = Health 
Assessment Questionnaire. 
† Statistically significant. 
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and HOOS/KOOS function were all significantly associated with 
worse postoperative HOOS/KOOS function (Table 5). In multivar-
iate analysis, DAS28 and BMI remained statistically significantly 
associated with HOOS/KOOS function 1 year after surgery 
(Table  6). Specifically, increasing DAS28 by 2.1 will decrease 
the function score at 1 year by >10 points (estimate ± 4.82 [SE 
1.17]; P = 0.0001). Each 1- unit increase in BMI will worsen the 
function score at 1 year by 0.46 (P = 0.03), a clinically insignifi-
cant change without a massive difference in BMI. There was no 
statistically significant difference in the risk of poor function at 1 
year between patients reporting postoperative flares compared 
to those who did not (P = 0.98).

Finally, we determined whether baseline clinical features could 
predict disease activity scores (RAPID3 and RADAI) 1 year after 
surgery. Clinical features included in this analysis were baseline 
patient characteristics and disease activity in 2 separate models. 
For RAPID3, baseline scores for RAPID3, RADAI, DAS28, HOOS/
KOOS pain and function, biologic therapy, and positive flare were 
significant in the univariate model (see Supplementary Table 5, avail-
able on the Arthritis Care & Research web site at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.24091/ abstract) and were included 
in the multivariable logistic regression model (see Supplementary 
Table 6, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24091/ abstract). Only HOOS/KOOS function at baseline pre-
dicted RAPID3 at 1 year (odds ratio 0.96 [95% confidence interval 
0.94–0.99]). For RADAI, similarly, the features race, BMI, flare sta-
tus, baseline pain, function, RADAI, tender joint count, DAS28- ESR, 
and CDAI were significant in the univariate model (see Supplemen-
tary Table 7, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24091/ abstract) and were included in the final model. HOOS/
KOOS pain (estimate –0.16 [SE 0.07]; P = 0.02), RADAI (estimate 
0.35 [SE 0.13]; P = 0.02), and CDAI (estimate 0.27 [SE 0.10]; 
P = 0.01) at baseline were statistically significantly associated with 
RADAI at 1 year (see Supplementary Table 8, available at http://
onlin elibr ary.wiley.com/doi/10.1002/acr.24091/ abstract). Overall, 

Table 3. Univariate analysis outcome variable: HOOS/KOOS pain 
score at 1 year, linear regression (n = 115)*

Variable and level Estimate (SE) P
Age, years 0.26 (0.11) 0.02†
Female vs. male –6.79 (3.49) 0.06
African American vs. white –11.96 (4.35) 0.007†
Other vs. white –6.16 (4.57) 0.18
Hispanic or Latino vs. not Hispanic 

or Latino
–10.35 (5.15) 0.04†

Body mass index –0.47 (0.18) 0.01†
RA criteria

1987 vs. meets both criteria 1.26 (4.02) 0.76
2010 vs. meets both criteria –1.49 (3.17) 0.64
Does not meet criteria vs. meets 

both criteria
4.92 (3.62) 0.18

Steroids, no vs. yes –1.56 (2.58) 0.55
Biologic, no vs. yes 0.73 (2.54) 0.77
No flare vs. flare 6.16 (2.58) 0.02†
Baseline assessments

DAS28- ESR –2.94 (1.02) 0.005†
CDAI –0.19 (0.12) 0.12
MDHAQ –1.51 (0.81) 0.07
RAPID3 –0.43 (0.23) 0.07
RADAI –0.29 (0.15) 0.06
TJC –0.50 (0.27) 0.07
HOOS/KOOS pain 0.19 (0.08) 0.02†
HOOS/KOOS function 0.15 (0.06) 0.02†

* HOOS/KOOS = Hip disability and Osteoarthritis Outcome Score/
Knee Injury and Osteoarthritis Outcome Score; RA = rheumatoid 
arthritis; DAS28- ESR = Disease Activity Score in 28 joints using the 
erythrocyte sedimentation rate; CDAI = Clinical Disease Activity Index; 
MDHAQ = Multidimensional Health Assessment Questionnaire; 
RAPID3 = Routine Assessment of Patient Index Data 3; RADAI = 
Rheumatoid Arthritis Disease Activity Index; TJC = tender joint count. 
† P significant at <0.05. 

Table  4. Multivariate analysis outcome variable:  HOOS/KOOS 
pain score at 1 year, linear regression (n = 115)*

Variable and level Estimate (SE) P
DAS28- ESR –2.41 (1.05) 0.02†
Body mass index –0.54 (0.18) 0.004†
No flare vs. flare 3.43 (2.76) 0.22

* HOOS/KOOS = Hip disability and Osteoarthritis Outcome Score/
Knee Injury and Osteoarthritis Outcome Score; DAS28- ESR = Disease 
Activity Score in 28 joints using the erythrocyte sedimentation rate.
† P significant at <0.05. 

Table  5. Univariate analysis outcome variable: HOOS/KOOS 
function score at 1 year, linear regression (n = 118)*

Variable and level Estimate (SE) P
Age, years 0.12 (0.14) 0.38
Female vs. male –8.01 (4.41) 0.07
African American vs. white –6.05 (5.80) 0.30
Other vs. white –2.33 (6.08) 0.70
Hispanic or Latino vs. not Hispanic or 

Latino
–7.82 (6.73) 0.25

Body mass index –0.65 (0.23) 0.01†
RA criteria

1987 vs. meets both criteria 4.02 (4.54) 0.38
2010 vs. meets both criteria –1.84 (3.66) 0.62
Does not meet criteria vs. meets 

both criteria
4.47 (4.11) 0.28

Steroids, no vs. yes 2.36 (3.30) 0.48
Biologic, no vs. yes –1.32 (3.23) 0.68
No flare vs. flare 5.80 (3.32) 0.08
Baseline assessments

DAS28- ESR –4.96 (1.11) 0.0001†
CDAI –0.27 (0.16) 0.08
MDHAQ –3.74 (1.00) 0.0003†
RAPID3 –0.84 (0.29) 0.004†
RADAI –0.25 (0.20) 0.21
TJC –0.72 (0.34) 0.035†
HOOS/KOOS pain 0.16 (0.09) 0.08
HOOS/KOOS function 0.25 (0.08) 0.003†

* HOOS/KOOS = Hip disability and Osteoarthritis Outcome Score/
Knee Injury and Osteoarthritis Outcome Score; RA = rheumatoid 
arthritis; DAS28- ESR = Disease Activity Score in 28 joints using the 
erythrocyte sedimentation rate; CDAI = Clinical Disease Activity Index; 
MDHAQ = Multidimensional Health Assessment Questionnaire; 
RAPID3 = Routine Assessment of Patient Index Data 3; RADAI = 
Rheumatoid Arthritis Disease Activity Index; TJC = tender joint count.
† P significant at <0.05. 
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patients with more active RA or whose pain or function was worse 
at baseline were significantly more likely to have higher disease 
activity at 1 year, but the effect sizes were small.

DISCUSSION

We report here the relationship of active or worsening inflam-
matory disease in patients with RA at the time of THA and TKA 
or in the postoperative period and analyze the effect on HOOS/
KOOS pain and function outcomes 1 year later. We found that 
higher DAS28 scores and BMI increase the risk of worse func-
tion, and that higher DAS28 scores additionally increase the risk 
of worse pain 1 year after THA and TKA. Multiple prior studies 
have shown that patients with RA have less improvement in pain 
and function after THA and TKA than patients with osteoarthritis, 
but whether RA disease activity was a risk factor for worse out-
comes was not known (9,31). Given that the majority of patients 
are obese and have a DAS28 score of >3.2 at the time of THA/
TKA, DAS28 and BMI may be important modifiable risk factors 
(32). Although patients who experienced a flare had worse pain 
scores at 1 year, perioperative flares were not an independent risk 
factor for worse outcomes independent of baseline disease activity 
in the multivariable model, and patients who had a flare improved 
as much as those who did not. Because flares did not increase 
the risk of worse outcomes, perioperative medication manage-
ment decisions may be undertaken without concern for long- term 
impact on arthroplasty outcome linked to flares. Because higher 
disease activity at baseline was the strongest predictor of pain and 
function at 1 year, one can speculate that a flare is less significant 
than sustained high disease activity.

Previous studies have reported on THA/TKA outcomes 
for patients with RA and showed that patients with RA are at 
risk for worse pain and function when compared to those with  
osteoarthritis. While important confounders such as age, sex, and 
comorbidities have been considered, disease activity and RA sta-
tus have not been included in analysis of arthroplasty outcomes 
such as HOOS and KOOS (31,33,34). In a study that included 
DAS28 measurements pre-  and postoperatively, no improvement 
in function measured by HAQ was observed, but this finding may 
reflect the recognized floor effect for the HAQ (24,35). Negative 
correlations of postoperative disease activity and postopera-
tive function have been reported, but the impact of preoperative 

disease activity, a potentially modifiable risk factor, has not been 
described (35–37). In our cohort, while we demonstrated that 
higher disease activity and worse HOOS/KOOS pain and func-
tion scores at the time of arthroplasty predicted higher disease 
activity at 1 year, we also identified a higher DAS28 score as an 
independent risk factor for worse outcomes. We were interested 
in the overall effect of THA/TKA on disease activity at 1 year. While 
HOOS/KOOS function at baseline predicted RAPID3 at 1 year, 
and HOOS/KOOS pain, RADAI, and CDAI predicted RADAI at  
1 year, the effect sizes were small.

This study has certain limitations. There was signifi-
cant loss in follow- up, predominantly among older, nonwhite 
patients with slightly more active disease, but other baseline 
characteristics were not significantly different. In addition, 
because our primary outcome was the relationship between 
disease activity and HOOS/KOOS at 1 year, loss to follow-up 
is unlikely to have biased our results. While DAS28 at base-
line and BMI predicted pain and function at 1 year, the effect 
size, particularly for BMI, was small. We pooled THA and TKA 
results, and although DAS28 assessments do not include the 
hip, no significant difference was reported in DAS28 disease 
activity post- THA compared to post- TKA, suggesting that 
such pooling is unlikely to be a significant source of bias (34). 
Our flare designation was based on patient report in the Rheu-
matoid Arthritis Flare Questionnaire because weekly physical 
examinations were not feasible. Instead, 2 rheumatologists 
(SMG and VPB) assessed concurrently administered disease 
activity questionnaires (RAPID3 and RADAI) as well as baseline 
clinical data to validate patient reports of flares. While these 
data were collected in a single tertiary referral center and may 
not be generalizable, the relationship of RA disease activity to 
1- year outcomes would probably not be affected by the single- 
center design. Additionally, HOOS and KOOS measure lower- 
extremity pain and function, so patients with active RA might 
have lower scores due to involvement of other lower- extremity 
joints, and the low baseline pain and function scores may have 
reflected higher disease activity. Moreover, while HOOS/KOOS 
are joint specific, RA is typically symmetric; however, these 
instruments, which contain the Western Ontario and McMas-
ter Universities Arthritis Index, have been widely used in RA 
(8). Finally, as with any observational study, our results may be 
skewed by unmeasured confounders.

There are strengths of this study that warrant mention, includ-
ing the prospective study design and the combined use of both 
patient- reported outcomes and measures including physician 
joint counts and inflammatory markers. Because not all patients 
return for a 1- year evaluation, we administered a validated patient- 
reported outcome measure, the HOOS/KOOS, which is widely 
used to determine THA and TKA outcomes at 1 year. Postoper-
ative flares were defined by prospectively administering a weekly 
flare questionnaire for 6 weeks after surgery, reducing the risk of 
recall bias. We additionally administered the RAPID3 and RADAI 

Table  6. Multivariate analysis outcome variable: HOOS/KOOS 
function score at 1 year, linear regression (n = 118)*

Variable and level Estimate (SE) P
DAS28- ESR –4.82 (1.17) 0.0001†
Body mass index –0.46 (0.21) 0.03†
No flare vs. flare 0.087 (3.07) 0.98

* HOOS/KOOS = Hip disability and Osteoarthritis Outcome Score/
Knee Injury and Osteoarthritis Outcome Score; DAS28- ESR = Disease 
Activity Score in 28 joints using the erythrocyte sedimentation rate.
† P significant at <0.05. 
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joint symptom questionnaires and self- reported specific joint 
counts, excluding the operative joint, to reduce conflation of post-
operative pain with RA disease activity.

In conclusion, we found that increased DAS28 and BMI, but  
not perioperative flares, increase the risk for worse pain and 
function 1 year after surgery. Given that both of these fea-
tures are modifiable, and that the majority of patients with RA 
have moderate-to- high disease activity at the time of arthro-
plasty, future efforts are needed to determine whether pre- 
arthroplasty medical management should include efforts to 
control disease activity and weight, and whether these interven-
tions might improve long- term pain and function.
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Patient and Rheumatologist Perspectives Regarding 
Challenges to Achieving Optimal Disease Control in 
Rheumatoid Arthritis
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Objective. To identify and prioritize patient-  and rheumatologist- perceived barriers to achieving disease control.
Methods. Patients with rheumatoid arthritis (RA) and rheumatologists from the Corrona registry were invited by 

e-mail to participate in nominal groups. Two separate lists of barriers were created, 1 from RA patient–only nominal 
groups and the other from rheumatologist- only nominal groups, and barriers were sorted into themes. Next, using an 
online survey, a random sample of RA patients from the Corrona registry were asked to rank their top 3 barriers to 
achieving disease control.

Results. Four nominal groups totaling 37 RA patients identified patient barriers to achieving control of RA activity 
that were classified into 17 themes. Three nominal groups totaling 25 rheumatologists identified barriers that were 
classified into 11 themes. The financial aspects of RA care ranked first for both types of nominal groups, while 
medication risk aversion ranked second among the perceived barriers of the physician nominal group and third 
among those of the RA patient nominal group. Among the 450 RA patients surveyed, 77% considered RA a top health 
priority, and 51% reported being aware of the treat- to- target strategy for RA care; the 3 most important patient- 
perceived challenges to achieving disease control were RA prognosis uncertainty, medication risk aversion, and the 
financial/administrative burden associated with RA care.

Conclusion. There are common, potentially modifiable, patient-  and rheumatologist- reported barriers to achieving 
RA disease control, including perceived medication risk aversion, suboptimal treatment adherence, and suboptimal 
patient–physician communication regarding the benefits of tight control of disease activity in RA. Addressing these 
obstacles may improve adherence to goal- directed RA care.

INTRODUCTION

Despite evidence that the adoption of a treat- to- target strat-
egy in routine rheumatologic practice can improve symptoms, 
reduce joint inflammation, and decrease long- term progression of 
rheumatoid arthritis (RA) (1,2) many patients living with RA do not 
achieve guideline- recommended treat- to- target goals (3,4), result-

ing in increased morbidity and mortality (5,6). Central to the treat- 
to- target approach in RA are predefined disease activity goals 
(or “target(s)”), such as remission or low disease activity, which 
are defined using validated disease activity tools (e.g., the Clinical 
Disease Activity Index) (2,7). By sequentially measuring disease 
activity and considering whether or not the target is met, clinicians 
can adjust the dose of a disease- modifying antirheumatic drug 
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(DMARD) and/or add another DMARD until the goal is reached (8). 
Adherence to the overall goal- oriented treatment strategy for RA 
care appears to be more important than the specific medications 
used to optimize patient outcomes (9,10).

Effective implementation of a treat- to- target strategy in clin-
ical practice is thought to rely on the involvement of physicians 
and patients in a shared decision- making process regarding treat-
ment (1) and largely depends on their mutual commitment to this 
therapeutic strategy (11). However, among 439 US rheumatolo-
gists who responded to an e-mail survey in 2014, 44% said that 
they always practiced in a manner concordant with the treat- to- 
target guidelines (4), although 35% reported that they were not 
performing routine quantitative assessments for their RA patients, 
an essential part of a treat- to- target strategy. Moreover, those 
physicians who used quantitative measurement tools to assess 
and manage RA in a patient with active disease were 40% more 
likely to change treatments compared to those who did not (4). 
This finding raises concern that the principles embodied in treat- 
to- target strategies are not manifested in the essential actions 
required to implement those strategies in real- world settings.

The achievement of treat- to- target goals in routine clinical 
practice is also influenced by factors related to patients. For exam-
ple, patients may not recognize the importance of tight control of 
RA disease activity because efforts to disseminate the merits of 
treating to target to patients have yielded a slow response. A recent 
study demonstrated that patients with RA who were unaware of 
the goals of the treat- to- target strategy prioritized relieving symp-
toms and ensuring function over decreasing disease activity or pre-
venting disease progression (12). Patients may decline treatment 
escalation recommended by professional guidelines because they 
fear worsening symptoms that may come with switching therapies, 

a concern that outweighs their optimism for improvement with ther-
apy escalation (13). Moreover, while tight control of disease activity 
hinges on adherence to prescribed medications, for various rea-
sons only two- thirds of patients with RA are adherent to their pre-
scribed DMARDs (14). These reasons include competing comorbid 
conditions, medication costs, adverse events, and side effects, as 
well as trust in their provider (15).

Thus, while multiple physician and patient factors influ-
ence adherence to a treat- to- target strategy, the rheumatology 
community lacks a deep understanding of the challenges that 
rheumatologists and patients face when attempting to achieve 
better RA control. Starting from the premise that addressing 
barriers to the adoption of a goal- oriented treat- to- target strat-
egy for treating patients with RA may improve the effectiveness 
of delivered care, in the present study we aimed to understand 
patients’ and rheumatologists’ perspectives regarding the 
obstacles they face when attempting to achieve better disease 
activity control that is consistent with treat- to- target principles 
in routine practice.

MATERIALS AND METHODS

Study population. We recruited patients with RA and 
rheumatologists involved in the Corrona registry to participate in 
nominal group sessions, between January and February of 2017. 
Corrona, which was founded in 2000, sponsors a prospective, 
noninterventional observational registry with systematic data col-
lection from more than 750 physicians at more than 170 sites 
throughout 42 states in the US (16). As of 2018, data have been 
collected on more than 50,000 patients with rheumatologist- 
diagnosed RA, which represents more than 180,000 patient- years 
of data (16). The Corrona registry is the largest clinical RA patient 
registry in the US that collects data based on physician assess-
ments and patient questionnaires completed during patient visits. 
The physician assessments gather information on disease severity 
and activity, comorbidities, use of medications (including steroids 
and DMARDs), and quality of life.

Nominal group process. The nominal group technique is 
a semiquantitative structured group process designed to elicit a 
prioritized list of ideas in response to a carefully designed ques-
tion (17). The technique typically involves 5 stages, including 
introduction and explanation, silent generation of ideas, sharing 
ideas, group discussion, and voting and ranking (18). We chose 
to conduct nominal group sessions in order to take advantage of 
their many methodologic benefits, including reduction of potential 
uniformity of responses through overt group cohesion, elicitation 
of responses from all group members, development of multiple 
perspectives on an issue, and effective prioritization of ideas 
(17,19). Nominal group sessions consisted of rheumatologist- only 
groups and RA patient–only groups. The number of participants, 
patients, or clinicians who expressed interest in study participa-

SIGNIFICANCE & INNOVATIONS
• There are common, potentially modifiable, patient- 

and rheumatologist-reported barriers to achieving 
rheumatoid arthritis (RA) disease control, including 
perceived medication risk aversion, suboptimal 
treatment adherence, and suboptimal patient– 
physician communication regarding the benefits of 
tight control of disease activity in RA.

• Among patients with RA who were enrolled in 
an observational registry, the most important 
 patient-perceived challenges to achieving disease 
control were RA prognosis uncertainty, medication 
risk aversion, and the financial/administrative bur-
den associated with RA care.

• Patients may prioritize their challenges to achieving 
disease control in RA differently depending on prior 
exposure to biologics.

• Addressing patient-perceived challenges to RA dis-
ease control, when possible, may improve goal- 
directed RA care.
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tion by responding to e-mail invitations determined the group size. 
Sessions were scheduled for 1 hour and were audio recorded. 
Participants were compensated for their participation ($50 per 
patient and $200 per rheumatologist/clinician). Both rheuma-
tologist and patient participants were provided with an informa-
tion sheet describing the study and their involvement in nominal 
groups. Consent was implied through participation. The University 
of Alabama at Birmingham Institutional Review Board approved 
the study procedures prior to implementation.

The sessions were facilitated online using an institutional 
software system developed for conducting nominal groups. 
Participants logged in using an e-mailed link and called a 
conference line to connect to the nominal group session. An 
experienced facilitator (RO) welcomed the participants and 
introduced them to the purpose and procedure of the session. 
Following the introduction, patient participants were asked to 
write down all ideas that came to mind when considering the 
question, “From your perspective, what obstacles make it hard 
for you to control your rheumatoid arthritis?” Similarly, rheuma-
tologists were asked to consider the following question: “What 
are some of the challenges you face in achieving T2T [treat- to- 
target] goals for your RA patients?”

Participants were initially instructed not to consult or dis-
cuss their ideas with others. This step allowed participants to 
formulate thoughts independently. Next, the facilitator invited 
participants to share their written comments, which were then 
transcribed into the online system. There was no discussion 
about items at this stage, and participants were encouraged 
to write down new ideas that were stimulated from others’ 
responses. This process ensured all participants an equal 
opportunity to contribute and provided a written record of all 
ideas generated by the group. After generating the list, parti-
cipants were encouraged to offer additional comments or ask 
questions to clarify anything on the list. Once the list was final-
ized, each participant was asked to vote and rank items from 
the generated list. Based upon the procedure used to reduce 
the number of items on the list in previously published studies 
(20,21), participants were asked to select the 3 most signifi-
cant items on the list and rank them from their perspective. 
Rheumatologists identified the 3 most significant challenges to 
achieving treat- to- target goals for their RA patients; patients 
identified the 3 biggest challenges they faced in controlling 
their RA activity.

Analysis of data collected from nominal group 
sessions. Qualitative data from the nominal group sessions 
were analyzed after each session in order to determine when 
stated challenges reached a point of saturation (22). The lists 
of statements generated by the nominal group sessions with 
patients were combined together into a single list. Similarly, 
the lists of statements obtained at the end of each rheuma-
tologist nominal group session were compiled into a separate 

list. The patient and rheumatologist lists were subsequently 
reviewed and grouped by common themes by 3 investiga-
tors (RO, JRC, and MID) using a card sort procedure, which 
is a research technique through which participants organize 
qualitative data into themes and is commonly used to aggre-
gate qualitative data from multiple groups. The investigators 
independently aggregated items from each of the patient 
and rheumatologist lists separately (including 1 list for the 
patient- only nominal group and 1 for the rheumatologist- only 
nominal group) into common themes and then reconvened 
to determine and agree on final themes (23,24). Duplicative 
statements were removed, and a proportion of votes for each 
theme was calculated based upon the number of votes for 
each statement within a theme and the total number of pos-
sible votes from the nominal groups. Lastly, the investiga-
tors (ER, LRH, JRC, and MID) compared and contrasted the 
themes generated by the patient nominal group and the rheu-
matologist nominal group to identify shared themes. Descrip-
tive statistics were used to summarize the demographic 
characteristics of patients and rheumatologists participating 
in the nominal groups.

Patient survey. In order to better understand the prev-
alence of various barriers to disease control and then prior-
itize their importance to RA patients, we surveyed a random 
sample of RA patients from the Corrona registry who had pre-
viously agreed to participate in future research projects. To 
this end, we sent invitation e-mails that included a link to a 
Qualtrics survey, which asked patients to select from the final 
patient- generated list and rank their top 3 barriers to achiev-
ing control of RA disease activity. Three reminder e-mails were 
sent with the goal of obtaining a total of 500 survey responses. 
To determine the relative priority of each barrier, we assigned 
a normalized weighted score to each selected barrier by con-
sidering the total number of respondents who ranked it and 
the priority rank they assigned. Investigators identified by 
consensus which barriers could be amenable to mitigation 
using a behavioral intervention. The online survey contained 
1 previously published item, core beliefs (i.e., values) about 
RA treatment (4- item scale, ranging from “strongly disagree” 
to “strongly agree”) (25), and 3 investigator- developed items 
that assessed patient familiarity with the treat- to- target strat-
egy (“very familiar,” “somewhat familiar,” “not at all familiar”), 
ability to adhere to RA treatment (5- item scale, ranging from 
“very poor” to “excellent”), and whether they considered RA a 
priority for their health (5- item scale ranging from “not a prior-
ity” to “highest priority”).

Statistical analysis. Patient survey responses were linked 
to demographic and clinical data (e.g., age, sex, disease dura-
tion) from the Corrona registry. We used descriptive statistics to 
summarize the patient demographic and clinical data. Because 
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previous exposure to specific medications or the duration of 
RA may influence patients’ perspectives about the challenges 
they face when trying to control their RA, we evaluated whether 
the patient- reported barriers differed by prior exposure to bio-
logic DMARDs and whether barriers differed by disease duration 
(<6 years versus ≥6 years and <11 years versus ≥11 years).

RESULTS

We conducted 3 rheumatologist nominal group sessions 
totaling 25 participants (24 rheumatologists and 1 nurse 
practitioner) and 4 patient nominal group sessions totaling 
37 participants. The participants in the rheumatologist cli-

Figure 1. Patient-  (A) and rheumatologist- prioritized (B) barriers to achieving treat- to- target goals for patients with rheumatoid arthritis. CAM* 
= complementary and alternative medicine.
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nician group were mostly male (68%) and white (88%) and 
had a mean ± SD age of 54 ± 12 years, had practiced for 
a mean ± SD of 23 ± 12 years, and had reported being very 
familiar with the concept of treat- to- target (91%). The majority 
of the patient participants were female (87%) and white (87%) 
and had a mean ± SD age of 53 ± 12 years and a mean ± SD 
RA disease duration of 14 ± 12 years. Most patients (84%) 
were unfamiliar with the concept of a treat- to- target strategy 
for RA care.

Challenges to implementing treat- to- target in rou-
tine practice, from rheumatologists’ perspectives. Eleven 
themes emerged from the rheumatologist nominal groups, 9 
of which received ranking votes (Figure 1). These themes were 
based upon rheumatologists’ statements that were obtained 
during the sessions and grouped into broad themes embodying 
concerns that were raised. Treatment- related costs and adminis-
trative issues, such as prior authorization requirements, received 
the highest proportion of rheumatologist votes (27%). Perceived 
patient medication risk aversion (e.g., reluctance to adopt or 
change treatment therapy due to potential adverse events or side 
effects) received 17% of the votes, while concerns about limita-
tions of clinical tools to reliably measure RA disease activity (e.g., 
Routine Assessment of Patient Index Data 3) and their efficient 
implementation in clinical practice received 11% of the votes. 
Among the barriers considered likely to be amenable to mitigation 
through a behavioral intervention, perceived patient medication 
risk aversion and suboptimal patient–rheumatologist communica-
tion received the highest proportion of votes at 17% and 12%, 
respectively.

Challenges to achieving RA disease control, from 
patients’ perspectives. From the patient nominal group ses-
sions, 17 themes received ranking votes (Figure 1, top). Financial 
burden and comorbidities associated with RA were 2 of the high-
est ranked themes, receiving 13% and 11% of the total votes, 
respectively. Patients also highly ranked medication risk aversion, 
inadequate medication effectiveness, and RA prognosis uncer-
tainty as prominent barriers to controlling their disease activity.

Prioritization of barriers to achieving RA disease con-
trol, from patient survey. Of the 1,528 patients with RA who 
were invited to participate in the online patient survey, 500 partici-
pants responded within 3 weeks. We analyzed data from the 450 
participants who had demographic clinical data available as part of 
the Corrona registry. Thus, data from 50 responders were not ana-
lyzed. We observed no differences in age, sex, or disease dura-
tion between survey respondents and nonrespondents; however, 
a higher proportion of respondents used biologics and DMARDs 
(Table 1). Survey responders had a mean ± SD age of 58 ± 12 
years, a mean ± SD RA disease duration of 13 ± 11 years, and 
the majority were female (80%), white (92%), and reported ever 
using biologic DMARDs (74%) and conventional DMARDs (97%). 

A high proportion of respondents were college- educated (Table 1).
A total of 344 respondents (76%) considered RA to be a high 

priority for their health, 416 (92%) rated their ability to adhere to 
RA medications as good, very good, or excellent, and 312 (69%) 
displayed core beliefs (i.e., values) favoring medication use to 
lower disease activity. Half of the respondents reported being 
familiar with the treat- to- target strategy in RA. Among the chal-
lenges to controlling RA disease activity, the barriers that received 

Table 1. Patient demographic and clinical characteristics and attitudes regarding rheumatoid arthritis (RA) and 
its treatment, by survey response status*

Variable
Survey respondents 

(n = 450)
Survey nonrespondents 

(n = 1,078) P
Age, mean ± SD years 58.3 ± 12.2 59.2 ± 13 0.25
Race <0.001

White 407 (91.7) 886 (82.7)
African American 10 (2.3) 70 (6.5)
Hispanic 13 (2.9) 76 (7.1)
Other 14 (3.2) 39 (3.6)

Female sex 358 (79.6) 850 (79) 0.81
College education 256 (60.1) 506 (50.4) 0.008
RA duration, mean ± SD years 13.3 ± 10.6 13.4 ± 10.9 0.93
Biologics use (ever) 333 (74) 734 (68.1) 0.02
DMARD use (ever) 435 (96.7) 1,012 (93.9) 0.03
DAS28 score (last visit) 2.6 (1.4) 2.9 (1.5) 0.02
RA as high health priority 344 (76.4) NA †
Ability to adhere to medications 416 (92.4) NA †
Familiar with treat-to-target  
 strategy

225 (50) NA †

Core beliefs favor medications 
use to lower disease activity

312 (69.3) NA †

* Values are the number (%) unless indicated otherwise. DMARD = disease- modifying antirheumatic drug; DAS28 = 
Disease Activity Score in 28 joints; NA = not available. 
† Data obtained from survey. 
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the highest scores were prognosis uncertainty, patient medication 
risk aversion, and financial/administrative burden (Figure 2).

A comparison of the patient top- ranked barriers to achieving 
disease control according to whether the patients had previous 
treatment with biologic DMARDs is shown in Figure 3. Patients 
with past biologic exposure assigned different priorities to barriers 
to controlling disease activity in RA than those without biologic 
exposure. While RA prognosis uncertainty received the highest 
score in both groups, the ranking of the remaining barriers differed 
between the 2 groups. Upon comparing patient top- ranked bar-
riers by disease duration, stratified as <6 years versus ≥6 years 
and <11 years versus ≥11 years, we observed that the priorities 
assigned to barriers to controlling RA disease activity did not seem 
to differ depending on RA duration.

DISCUSSION

We found common and potentially modifiable patient-  and 
rheumatologist- reported barriers to achieving RA disease control, 
including perceived medication risk aversion, suboptimal treat-
ment adherence, and suboptimal patient–physician communica-
tion regarding the benefits of tight control of RA. Among patients 
with RA who were enrolled in a US observational registry, the 
3 most important patient- perceived barriers to achieving disease 
control were RA prognosis uncertainty, medication risk aversion, 

and the financial/administrative burden associated with RA care. 
Patients with past biologic exposure assigned different priorities 
to barriers to controlling disease activity in RA than those without 
biologic exposure; however, we observed that barriers to con-
trolling RA disease activity did not differ much based upon disease 
duration. From the rheumatologist perspective, treatment- related 
cost, administrative issues, and perceived patient medication risk 
aversion were highly prioritized challenges that influence disease 
control for RA patients. In addition, rheumatologists expressed 
concerns regarding the limitations (e.g., reliability) of the avail-
able quantitative assessment tools for measuring disease activity. 
For instance, 1 rheumatologist stated that it was “hard to find an 
assessment tool to accurately assess disease activity [because 
there are] too many variables to measure. Particularly if [the] 
patient has fibromyalgia or obesity it is difficult to assess joints.” 
This finding is consistent with a previous study (26) that noted that 
one of the most commonly documented barriers to treat- to- target 
adherence was “elevated disease activity score not reflective of 
RA disease activity.”

Our findings add to the body of literature that has evaluated 
the patient- perceived barriers to accepting acceleration of treat-
ment to better control disease activity in RA. A recent qualitative 
study (27) elicited connections between patients’ perceptions of 
their RA- related experiences and willingness to accept or reject 
DMARD treatment regimens. In that study, “fear of medications,” a 

Figure 2. Patient- prioritized barriers to achieving disease control. Normalized weighted scores assigned relative to top- ranked barrier. CAM* =  
complementary and alternative medicine.
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concept similar to the medication risk aversion that we observed, 
was identified as a major barrier that contributed to resisting 
DMARD treatment. Moreover, for some patients, the uncertainty 
surrounding potential severe adverse reactions and side effects 
threatened their sense of control over their health (27). Since the 
psychological response to losses is stronger than the response 
to corresponding gains (28), when contemplating RA treatment 
escalation, patients skew toward protecting their status quo (i.e., 
current level of disease control) and prioritize choices that avoid 
risk and uncertainty (i.e., refusing to escalate treatment therapy 
due to concern about potential side effects or financial burden) 
(27).

Several investigators have highlighted the nuanced and com-
plex nature of the factors contributing to patients’ risk aversion 
to DMARD treatment when RA patients with active disease are 
considering therapy (13,27,29–31). The uncertainty surrounding 
the timing of near- maximal medication effectiveness, affordability, 
potential adverse events, and RA prognosis tends to persuade 
some RA patients, and sometimes physicians (30,32,33), to take 
a less aggressive treatment approach (13,29–31,34). For instance, 
1 study (32) reported that rheumatologists recommended against 
intensifying a DMARD treatment regimen for patients with active 
disease in cases where patients felt comfortable with the level of 
disease activity despite suboptimal control, where there were con-
cerns regarding potential adverse effects not outweighing benefits, 
where there were reimbursement issues or irreversible joint dam-
age, or where they felt more time was needed to allow the treatment 
to reach therapeutic levels. Our rheumatologist group identified 
similar patient- perceived barriers (e.g., financial burden of RA care 
and treatment risk aversion), findings that were also noted by other 

investigators who reported barriers related to cost (32) and patient 
preference as reasons for not accelerating treatment (13,27,33,34).

A qualitative study that examined lack of adherence to the 
treat- to- target protocol for a recent cluster randomized controlled 
trial in the US reported that physician concern regarding potential 
delayed response to medications in some patients was a frequent 
reason for physicians not following a goal- oriented treat- to- target 
protocol (35). Despite treat- to- target guidelines recommending 
adjustment of drug therapy at least every 3 months (2), physicians 
wait until the next visit before amending the treatment regimen 
(32,35) because of perceived delayed medication response. How-
ever, in our study, preference for allowing more time for DMARDs 
to reach therapeutic levels and concerns about irreversible joint 
damage were not identified as key barriers to treatment esca-
lation by the rheumatologists participating in the nominal group 
sessions. Perhaps delayed medication response as a barrier 
to treatment escalation is only a tentative barrier until the next 
scheduled visit, but not beyond that (36). The difference might 
be explained by the qualitative methods utilized, with our study 
eliciting an organic set of barriers from rheumatologists using the 
nominal group approach rather than asking clinicians to select 
from a predetermined list of possible barriers. We observed that 
inadequate medication effectiveness was assigned a higher pri-
ority rank by patients compared to rheumatologists, suggesting 
that interventions to enhance communication between patients 
and rheumatologists, thus optimizing shared decision- making, are 
needed.

A novel finding of our study was that patients prioritized bar-
riers to achieving RA disease control differently based on previous 
use of biologic DMARDs. As one may expect, patients with prior 

Figure 3. Top 6 patient barriers to achieving disease control ranked by patients reporting no prior biologic use versus prior biologic use. 
Normalized weighted scores assigned relative to top- ranked barrier for each group.
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biologic DMARD exposure assigned financial and administrative 
burden a higher priority than those without prior exposure. Pre-
sumably, patients who previously took biologic DMARDs are more 
aware and thus sensitive to the administrative process involved in 
obtaining such costly medications. Our results are concordant with 
findings from a recent qualitative synthesis (37), which reported 
that RA patients viewed biologic DMARDs as expensive and there-
fore valuable. That study showed that for some patients, the fear 
of losing access to expensive biologic DMARDs, perhaps through 
stringent insurance policies, inconsistent insurance coverage, or 
lack of access to foundation assistance, may make drug switching 
difficult and may serve as a barrier to treatment optimization (37). 
However, for other patients, the uncertain financial burden of a bio-
logic DMARD treatment regimen outweighed the potential benefit 
of initiating a new biologic or escalating therapy (37).

Interestingly, in our study, patients who had been treated with 
biologic DMARDs ranked the unpredictability of “flare triggers” 
lower than the perceived physical or lifestyle limitations related to 
RA (compared to patients who were naive to biologic DMARDs). 
A possible explanation for our findings might be that patients 
with prior biologic DMARD exposure have different experiences 
of RA flares (i.e., acute exacerbation of disease) in terms of flare 
duration, frequency, or intensity compared to patients who are 
DMARD naive.

Our study findings should be interpreted in light of some 
limitations. Although our nominal group sessions were designed 
to elicit a participant- prioritized list of ideas in response to our 
research question, we acknowledge the potential of social desir-
ability bias and selection bias affecting our findings. However, the 
nominal group technique enabled us to take advantage of sev-
eral strengths and benefits associated with this method (such 
as reducing the uniformity of responses or eliciting multiple per-
spectives on an issue [17,19]) and ultimately minimize bias and 
undue influence. The generalizability of our results may be limited 
due to the predominantly white, highly educated, and presumably 
technology- inclined patient sample that responded to the online- 
distributed surveys. Participants who responded had previously 
agreed to participate in further research and may have reported 
higher adherence (e.g., >90% of participants reported being 
adherent) than RA patients in general, which limits the generaliz-
ability of our findings. However, previous studies have found that 
sociodemographic characteristics of Corrona registry patients 
are similar to the RA population in the US (38,39). Further, we 
recognize the possibility that online participation may have acted 
as a barrier to participation. While commonly nominal groups are 
conducted in person, online participation offers scheduling flexibil-
ity, limits transportation barriers, and allows for a potentially more 
representative sample to provide feedback. Future studies should 
aim to recruit a more diverse and generalizable patient sample.

In conclusion, among patients with RA enrolled in a US 
observational registry, the most important patient- perceived barri-
ers to achieving disease control were uncertainty surrounding RA 

 prognosis, perceived patient risk aversion to treatment escalation, 
and financial/administrative burden of RA care. Additionally, patients 
prioritized their challenges differently based upon their experience 
with prior biologic DMARD treatments. Financial/administrative 
burden of RA care and perceived patient medication risk aversion 
were also among the top challenges expressed by rheumatologists 
in implementing a treat- to- target strategy in real- world practice. In 
addition, our results indicated that patients were not aware of the 
guideline- recommended treat- to- target approach. Thus, we believe 
that a behavioral intervention could help patients become better 
informed and engaged about evidence- based RA care. Moreover, 
such an intervention addressing perceived obstacles to achieving 
disease control may facilitate meaningful conversations and shared 
decision- making between patients and physicians, improve adher-
ence to goal- directed RA care espoused by the treat- to- target strat-
egy, and thus result in improved quality of life of patients with RA.
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Evaluation of Response Criteria in Rheumatoid  
Arthritis Treated With Biologic Disease- Modifying 
Antirheumatic Drugs
Mariko Inoue , Hiroko Kanda, Shoko Tateishi, and Keishi Fujio

Objective. Biologic disease- modifying antirheumatic drugs (bDMARDs) used for rheumatoid arthritis (RA) treatment have 
several mechanisms of action. Interleukin- 6 inhibitors (IL- 6i) block the production of acute- phase reactants (APRs), which 
are some of the composite measures of disease activity. We undertook this study to examine the agreement between 
the European League Against Rheumatism (EULAR) response based on the erythrocyte sedimentation rate (ESR) or  
C- reactive protein level, the Simplified Disease Activity Index 50% response measure (SDAI50), and the Clinical 
Disease Activity Index 50% response measure (CDAI50) in patients treated with IL- 6i and other bDMARDs.

Methods. We enrolled 306 patients with RA who started or switched bDMARDs. Treatment response at 6 months 
was analyzed. Kappa statistics were used to evaluate the agreement between different response measures. The 
contribution of APRs to improvement in disease activity scores was examined. The change of Health Assessment 
Questionnaire (HAQ) score was analyzed in IL- 6i–treated patients.

Results. Good agreement was achieved between response measures, with κ >0.6 in patients treated with 
tumor necrosis factor inhibitors or cytotoxic T- lymphocyte–associated antigen 4 immunoglobulin fusion protein. In  
IL- 6i–treated patients, the agreement was low between the EULAR response (ESR) and the SDAI50 or the CDAI50  
(κ = 0.43 and 0.37, respectively). Under IL- 6i treatment, APR improvement accounted for 56.0% of total improvement 
of the Disease Activity Score in 28 joints (DAS28) using the ESR. When discordance was found between the CDAI50 
and EULAR response in IL- 6i–treated patients, all patients were classified as EULAR- only responders; there was no 
HAQ improvement in EULAR- only responders.

Conclusion. EULAR response criteria overestimate the response under IL- 6i treatment because the APR 
improvement largely contributes to the DAS28 improvement.

INTRODUCTION

Assessments of disease activity and treatment response are 
important for achieving better outcomes in rheumatoid arthritis 
(RA) clinical practice. The American College of Rheumatology 
(ACR) criteria (1) and European League Against Rheumatism 
(EULAR) response criteria (2) have been widely used to evaluate 
treatment response. The ACR criteria were designed to measure 
the effectiveness of treatments in clinical trials and are not suitable 

for use as the target or goal for the clinical management of indi
vidual patients with RA in routine clinical practice (3). The EULAR 
response criteria classify the patients as having no, moderate, or 
good responses, depending on the change in and the level of 
the Disease Activity Score in 28 joints (DAS28). The EULAR cri
teria are used in practice to indicate therapeutic response.

The Simplified Disease Activity Index (SDAI) (4) and the Clin
ical Disease Activity Index (CDAI) (5) were developed in the early 
2000s for the evaluation of disease activity in RA. The SDAI and 
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CDAI are easy to calculate and are reported to correlate with the 
DAS28 (4,5). The improvement criteria of the SDAI and CDAI were 
proposed by Aletaha et al in 2012 (6). For the SDAI, the minor, 
moderate, and major responses were identified as SDAI 50% 
(SDAI50), 70%, and 85% improvement, respectively, based on 
agreement with the ACR 20% (ACR20), 50%, and 70% response 
criteria, respectively (6). The same cut points were proposed for 
CDAI. Subsequently, the agreement of different response meas
ures has been examined, and the ACR20, EULAR moderate/
good responses, and SDAI50 have shown moderate to good 
agreement with each other (7,8).

The treatment of RA has developed dramatically over the 
past decades, with the introduction of several new biologic 
disease modifying antirheumatic drugs (bDMARDs). Tocilizumab 
is a humanized interleukin 6 (IL 6) receptor monoclonal antibody 
that competitively inhibits the binding of IL 6 to its receptor (9); 
it is efficacious in RA (10,11). Blocking the IL 6 receptor directly 
inhibits the production of acute phase reactants (APRs), includ
ing C reactive protein (CRP) and erythrocyte sedimentation rate 
(ESR). The measurement of APRs is part of disease activity com
posite measures, which has raised the question of whether using 
those disease activity measures is reasonable for evaluating RA 
disease activity under IL 6 blockade. Since the weight of ESR and 
CRP level is quite high in the DAS28 formula (12,13), the remission 
rate of patients under tocilizumab treatment was reported to be 
higher using the DAS28 compared with the SDAI and CDAI (14), 
even using stringent DAS28 remission cut points (DAS28 CRP 
remission <1.9 and DAS28 ESR remission <2.2) (15). In addition 

to their role in assessing disease activity, the use of IL 6 inhibi
tor (IL 6i) is considered to impact response criteria that include 
the DAS28. However, no study has evaluated response criteria in 
patients treated with IL 6i. The aim of our study was to examine 
the concordance of the EULAR response, SDAI50, and CDAI50 in 
patients with RA treated with IL 6i and in patients with RA treated 
with other bDMARDs: tumor necrosis factor inhibitors (TNFi) and 
cytotoxic T lymphocyte–associated antigen 4 immunoglobulin 
fusion protein (CTLA4Ig). We also determined whether patients 
who achieved EULAR or CDAI50 responses following IL 6i treat
ment showed improvement in functional capacity as assessed by 
the Health Assessment Questionnaire (HAQ) score.

MATERIALS AND METHODS

Patients. Patients with RA who started or switched 
bDMARDs from April 2013 to January 2018 and then continued 
the same bDMARD for >3 months in the Tokyo University Biolog
ics Registry for RA (TOBIRA) were included in this observational 
study. Patients who had already achieved CDAI remission (CDAI 
≤2.8) at the start of bDMARD treatment were excluded from the 
study. All patients fulfilled the 1987 ACR (16) or 2010 ACR/EULAR 
classification criteria (17). The study was approved by the ethics 
committee of the University of Tokyo (no. 2431).

Data collection. The following variables were evaluated 
at baseline and at 3 and 6 months: the tender joint count (TJC) 
and swollen joint count (SJC) in 28 joints, patient global assess
ment (PtGA), evaluator global assessment (EGA), HAQ disability 
index, ESR, and CRP level. The ESR was measured as mm/hour, 
and the CRP level was measured as mg/dl. Global health (GH) 
was customarily replaced by the PtGA in milli meters on a visual 
analog scale. Scores for the PtGA and EGA were measured in 
centimeters on a 0–100mm visual analog scale. We determined 
the DAS28 ESR, the DAS28 CRP, the SDAI score, and the CDAI 
score using the following equations:

Improvement of disease activity at 6 months was assessed based 
on the EULAR response criteria using the DAS28 (2), SDAI50, and 
CDAI50. In the EULAR response, moderate and good responses 
were combined into a single clinical response category, based on 
previous publications (7,8). SDAI50 and CDAI50 were defined as 

DAS28-ESR=

0.56 ×
√

(TJC28) + 0.28 ×
√

(SJC28) + 0.70×

ln (ESR) + 0.014 × GH

DAS28−CRP=

0.56 ×
√

(TJC28) + 0.28 ×
√

(SJC28) + 0.36×

ln (CRP × 10 + 1) + 0.014 × GH + 0.96

SDAI = SJC28 + TJC28 + PtGA + EGA + CRP

CDAI = SJC28 + TJC28 + PtGA + EGA

SIGNIFICANCE & INNOVATIONS
• There is good agreement between the European 

League Against Rheumatism (EULAR) response 
based on the erythrocyte sedimentation rate (ESR), 
EULAR response based on the C-reactive protein 
level, the Simplified Disease Activity Index 50% re-
sponse (SDAI50), and the Clinical Disease Activity 
Index 50% response (CDAI50) in patients treated 
with tumor necrosis factor inhibitors or cytotoxic 
T-lymphocyte–associated antigen 4 immunoglobu-
lin fusion protein.

• In patients treated with interleukin-6 inhibitors (IL-6i),  
there is poor agreement between the SDAI50 and 
the EULAR response (ESR), or between the CDAI50 
and the EULAR response (ESR), because improve-
ment of acute-phase reactants largely contributes 
to the Disease Activity Score in 28 joints improve-
ment.

• No Health Assessment Questionnaire improve-
ment was observed in IL-6i–treated patients who 
only experienced the EULAR response and not the 
CDAI50 response.

• EULAR response criteria overestimate the response 
under IL-6i treatment.
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a 50% reduction in the SDAI or CDAI score (6) between base
line and 6 months. For all analyses, the data sets after 3 months 
of treatment were used when bDMARDs were not continued for 
6 months at the time of analysis or when bDMARDs were stopped 
for any reason within 6 months of treatment initiation.

Statistical analysis. Kappa statistics were used to 
assess the agreement between different response measures. 
Conventionally, the kappa coefficient is interpreted in the fol
lowing manner: κ = 0.01–0.20, slight agreement; κ = 0.21–
0.40, fair agreement; κ = 0.41–0.60, moderate agreement; 
κ = 0.61–0.80, substantial agreement; and κ = 0.81–1.00, 
almost perfect agreement (18). When we compared the con
tribution of APR improvement to 3 different disease activity 
scores in each bDMARDs group, we analyzed patients whose 
disease activities were improved at 6 months. We examined 
the ratio of 0.70 × ln(ESR), 0.36 × ln(CRP × 10 + 1), and CRP 
level improvement to the total improvement of each disease 
activity score. The percentages of APR improvement and 
total improvement within each disease activity score were 
compared by Kruskal Wallis tests. The HAQ scores at the 
start of bDMARD treatment and at 6 months were compared 
by paired t tests. The data were analyzed by GraphPad Prism 
software, version 6.0 or EZR (Saitama Medical Center, Jichi 
Medical University) (19), which is a graphical user interface for 

R software. Differences were considered significant when the 
P value was less than 0.05.

RESULTS

Patient characteristics. From April 2013 to January 2018, 
320 patients with RA started or switched bDMARDs in our facility, 
and 14 patients who had already achieved CDAI remission at the 
start of bDMARD treatment were excluded from the study. The 
remaining 306 patients received the following treatments: TNFi 
(infliximab, etanercept, adalimumab, golimumab, or certolizumab 
pegol; n = 133); CTLA4Ig (abatacept; n = 99); or IL 6i (tocilizumab; 
n = 74). Patient baseline characteristics were compared between 
groups (Table  1). The median age was higher in the CTLA4Ig 
group, and the median disease duration was shorter in the IL 6i 
group compared with the other 2 groups. The median ESR and 
CRP level were lower in the TNFi group than in the other 2 groups. 
There was no significant difference between the 3 groups in the 
DAS28 ESR, DAS28 CRP, CDAI score, and SDAI score.

The 3 month data sets were used in 6 patients (4.5%) in the 
TNFi group, 1 patient (1.0%) in the CTLA4Ig group, and 5 patients 
(6.8%) in the IL 6i group. Within each treatment group, no sig
nificant differences in disease activity scores at baseline or after 
treatment were observed between patients with 3 month data 
and those with 6 month data.

Table 1. Baseline characteristics of patients*

Characteristic
TNFi 

(n = 133)
CTLA4Ig 
(n = 99)

IL- 6i 
(n = 74) P

Age, years 63.0 (50.0–1.5) 72.0 (65.0–78.0) 62.0 (50.8–69.0) < 0.0001†
Female, % 88.0 84.8 83.8 0.675‡
Disease duration, years 12.3 (6.3–23.4) 15.3 (8.0–29.3) 7.6 (2.6–13.9) < 0.0001†
Anti- CCP antibody positive, % 78.2 83.8 75.7 0.364‡
RF positive, % 83.5 85.9 74.3 0.127‡
Methotrexate user, % 74.4 59.6 63.5 0.043‡
Oral corticosteroid user, % 63.9 66.7 60.8 0.720‡
Initial bDMARD, % 49.6 56.6 47.3 0.436‡
TJC28 4.0 (2.0–7.0) 3.0 (1.0–10.0) 3.0 (1.0–7.0) 0.114†
SJC28 4.0 (2.0–8.0) 5.0 (2.0–9.0) 4.0 (2.0–7.0) 0.263†
Pain (VAS), mm 43.0 (20.0–69.0) 46.0 (26.0–70.0) 40.0 (24.0–61.0) 0.720†
Patient global assessment (VAS), mm 45.0 (19.5–70.0) 50.0 (26.0–70.0) 40.0 (26.5–64.0) 0.606†
Evaluator global assessment (VAS), mm 31.0 (20.0–43.0) 34.0 (25.0–50.0) 29.5 (20.0–46.0) 0.104†
Health Assessment Questionnaire 1.0 (0.4–1.6) 1.4 (0.5–2.0) 0.9 (0.5–1.6) 0.110†
ESR, mm/hour 31.0 (14.5–53.0) 43.0 (24.0–78.0) 46.5 (22.0–65.8) 0.003†
CRP, mg/dl 0.4 (0.1–1.5) 0.9 (0.2–2.7) 0.7 (0.2–2.7) 0.001†
DAS28- ESR, mean ± SD 4.7 ± 1.3 4.9 ± 1.5 4.7 ± 1.3 0.248§
DAS28- CRP, mean ± SD 4.0 ± 1.2 4.2 ± 1.5 4.0 ± 1.3 0.301§
CDAI 15.0 (10.1–24.4) 18.4 (10.5–30.2) 14.4 (10.4–24.5) 0.357†
SDAI 17.0 (10.4–26.3) 18.7 (11.4–30.3) 15.4 (11.3–27.9) 0.248†

* Values are the median (interquartile range) unless indicated otherwise. TNFi = tumor necrosis factor inhibitor; CTLA4Ig = 
cytotoxic T- lymphocyte–associated antigen 4 immunoglobulin fusion protein; IL- 6i = interleukin- 6 inhibitor; CCP = cyclic 
citrullinated peptide; RF = rheumatoid factor; bDMARD = biologic disease- modifying antirheumatic drug; TJC28 = tender 
joint count in 28 joints; SJC28 = swollen joint count in 28 joints; VAS = visual analog scale; ESR = erythrocyte sedimentation 
rate; CRP = C- reactive protein; DAS28- ESR = Disease Activity Score in 28 joints using the ESR; DAS28- CRP = DAS28 using the 
CRP; CDAI = Clinical Disease Activity Index; SDAI = Simplified Disease Activity Index. 
† Based on Kruskal- Wallis test. 
‡ Comparisons between the 3 groups are based on Fisher’s exact test. 
§ Based on one- way analysis of variance. 
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Disease activity variables after bDMARD treatment. 
Disease activity variables and achievement rates for each set of 
response criteria after 6 months in each treatment group are shown 
in Table 2. Although the EULAR response criteria based on DAS28 
ESR have been extensively used in clinical trials (20,21), EULAR has 
not specified whether DAS28 ESR or DAS28 CRP should be used 
in the response criteria. General agreement has been observed in 
the determination of the EULAR responder state between DAS28 
ESR–based and DAS28 CRP–based EULAR response criteria 
(22,23). Here, we evaluated the treatment response using 4 differ
ent response measures: EULAR response based on ESR, EULAR 

response based on CRP, SDAI50, and CDAI50.
EULAR response (ESR) achievement rates were 66.9% in the 

TNFi group, 57.6% in the CTLA4Ig group, and 85.1% in the IL 6i 
group. SDAI50 achievement rates were 53.4% in the TNFi group, 
47.5% in the CTLA4Ig group, and 56.8% in the IL 6i group. Statis
tical comparisons were not made between treatment groups due 
to differences in baseline characteristics.

Concordance of response. Next, we evaluated the concord
ance between different response measures using kappa statistics. 
Agreement between each response measure was substantial to 
nearly perfect, with κ >0.6 in patients treated with TNFi or CTLA4Ig 
(Table 3). However, in the IL 6i group, the agreement between SDAI50 
and EULAR response (ESR) or CDAI50 and EULAR response (ESR) 

was low, with κ = 0.43 and 0.37,  respectively.

Contribution of APR improvement to disease 
 activity measures. We predicted that the cause of the low 
agreement between the EULAR response (ESR) and SDAI50 
or CDAI50 in the IL 6i group was due to the overestimation of 

the DAS28 ESR improvement by IL 6 blockade. Therefore, we 
calculated the contribution of APR improvement to the improve
ment of the DAS28 ESR, DAS28 CRP, and SDAI. For example, 
in DAS28 ESR, the percentage of 0.70 × ln(ESR) improvement 
of the DAS28 ESR improvement was calculated. In the IL 6i–
treated group, the median percentage of APR improvement in 
the improvement of the disease activity score using DAS28 ESR, 
DAS28 CRP, and SDAI was 56.0%, 38.7%, and 6.9%, respec
tively. The percentage of APR improvement was significantly 
higher when using DAS28 ESR compared to DAS28 CRP and 
SDAI (Figure 1). In the TNFi and CTLA4Ig groups, the contribution 
of APR improvement to the DAS28 CRP improvement was higher 
compared with the SDAI improvement, but the median percent

Table 2. Disease activity variables of patients at 6 months*

TNFi 
(n = 133)

CTLA4Ig 
(n = 99)

IL- 6i 
(n = 74)

TJC28 2.0 (0.0–4.0) 2.0 (1.0–6.0) 2.0 (0.0–4.0)
SJC28 2.0 (0.0–3.0) 2.0 (0.0–4.0) 1.0 (0.0–3.3)
Pain (VAS), mm 21.0 (8.0–38.5) 28.0 (11.0–53.0) 13.5 (4.8–39.5)
Patient global assessment (VAS), mm 21.0 (8.5–40.0) 28.0 (11.0–51.0) 15.0 (6.0–47.3)
Evaluator global assessment (VAS), mm 15.0 (7.0–22.0) 20.0 (10.0–30.0) 12.0 (8.0–22.0)
Health Assessment Questionnaire 0.5 (0.1–1.3) 0.9 (0.13–1.75) 0.5 (0.3–1.3)
ESR, mm/hour 21.0 (13.0–33.0) 36.0 (19.0–54.0) 7.0 (3.0–15.0)
CRP, mg/dl 0.1 (0.0–0.4) 0.3 (0.1–1.1) 0.0 (0.0–0.0)
DAS28- ESR, mean ± SD 3.6 ± 1.2 4.2 ± 1.3 2.8 ± 1.4
DAS28- CRP, mean ± SD 2.8 ± 1.2 3.3 ± 1.3 2.5 ± 1.2
CDAI 7.8 (3.0–13.5) 10.0 (4.1–17.0) 6.6 (2.6–14.8)
SDAI 8.7 (3.0–14.0) 11.0 (5.3–18.6) 6.7 (2.9–14.9)
Achieved EULAR response (ESR), % 66.9 57.6 85.1
Achieved EULAR response (CRP), % 67.7 55.6 74.3
Achieved SDAI50, % 53.4 47.5 56.8
Achieved CDAI50, % 54.9 47.5 60.8

* Values are the median (interquartile range) unless indicated otherwise. TNFi = tumor necrosis factor 
inhibitor; CTLA4Ig = cytotoxic T- lymphocyte–associated antigen 4 immunoglobulin fusion protein; IL- 6i 
= interleukin- 6 inhibitor; TJC28 = tender joint count in 28 joints; SJC28 = swollen joint count in 28 joints; 
VAS = visual analog scale; ESR = erythrocyte sedimentation rate; CRP = C- reactive protein; DAS28- ESR = 
Disease Activity Score in 28 joints using the erythrocyte sedimentation rate; DAS28- CRP = DAS28 using the  
C- reactive protein; CDAI = Clinical Disease Activity Index; SDAI = Simplified Disease Activity Index. 

Table 3. Kappa statistics for response measures*

CDAI50

EULAR 
response 

(ESR)

EULAR 
response 

(CRP)
TNFi

SDAI50 0.91 0.63 0.70
CDAI50 – 0.60 0.68
EULAR response (ESR) – – 0.78

CTLA4Ig
SDAI50 0.88 0.60 0.60
CDAI50 – 0.60 0.60
EULAR response (ESR) – – 0.88

IL- 6i
SDAI50 0.92 0.43 0.70
CDAI50 – 0.37 0.62
EULAR response (ESR) – – 0.67

* CDAI = Clinical Disease Activity Index; EULAR = European League 
Against Rheumatism; ESR = erythrocyte sedimentation rate; CRP =  
C- reactive protein; TNFi = tumor necrosis factor inhibitor; SDAI = 
Simplified Disease Activity Index; CTLA4Ig = cytotoxic T- lymphocyte–
associated antigen 4 immunoglobulin fusion protein; IL- 6i = 
interleukin- 6 inhibitor. 
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age of contribution of APR improvement to the total improvement 
of DAS28 was approximately 20%. These data suggest that a 
large APR improvement rate in DAS28 ESR might explain the 
cause of the low agreement between the EULAR response (ESR) 
and the SDAI50 or CDAI50 in the IL 6i group. Contrary to our 
expectation, the agreement of the EULAR response (CRP) and 
the SDAI50 or CDAI50 was favorable in the IL 6i group (Table 3). 
However, the median rate of APR improvement in the EULAR 
response (CRP) improvement was 5 times or more compared 
with the rate in SDAI. This result might imply that response criteria 
using EULAR response (CRP) also overestimate the response to 
IL 6i.

Change of HAQ score in IL- 6i–treated patients. Next, 
we investigated whether the responses experienced by patients 
as assessed using either the EULAR response (ESR) criteria or 
EULAR response (CRP) criteria were actually overestimated 
during IL 6 blockade by assessing HAQ scores. Patients who 
achieved a good or moderate EULAR response reported signif
icant improvement in functional capacity as assessed by HAQ 
score (2). In IL 6i–treated patients, the response achievement 
rates were 56.8% in CDAI50, 60.8% in SDAI50, 74.3% in EULAR 
response (CRP), and 85.1% in EULAR response (ESR). When we 
looked at the breakdown of the response by CDAI50 and EULAR 

response (ESR), IL 6i–treated patients were divided into 3 groups: 
responses by both measures, response by EULAR response 
(ESR) only, and no response by both measures (Table 4). Similarly, 
the response by CDAI50 and EULAR response (CRP) was divided 
into 3 groups. There was no patient who achieved a response only 
by CDAI50. To evaluate the change of function of each group, we 
analyzed the HAQ score at baseline and at 6 months. The mean 
HAQ score significantly improved from 1.06 to 0.53 in patients 
who achieved responses by both measures, but there was no 
significant improvement in patients who achieved only a EULAR 
response (ESR) (Figure 2). Similar results were observed for CDAI 
and EULAR response (CRP) (see Supplementary Table 1, avail
able on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.34914/ abstract). Parallel analy
ses performed in the TNFi group (see Supplementary Table 2, 
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.34914/ 
abstract) and CTLA4Ig group (see Supplementary Table 3, available 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.34914/ abstract)  
showed HAQ score improvements in EULAR only responders in 
both groups. The fact that there was no HAQ score improvement 
in EULAR only responders in the IL 6i group suggests that the 
EULAR response overestimates the response under IL 6i treat
ment, and EULAR response criteria are not appropriate for the 

evaluation of IL 6i response.

DISCUSSION

It is important to evaluate disease activity in RA to achieve 
a target of sustained remission or low disease activity (24). IL 6i 
blocks IL 6 signaling and reduces APR levels, which are part of 
the composite measures of disease activity. Therefore, the appro
priate evaluation of disease activity under IL 6i treatment has been 
studied so far. In the studies analyzing data from clinical trials, 
remission rates of patients with RA treated with IL 6i were much 

Figure 1. Contribution of the improvement of the acute phase reactants (APRs) to the improvement of disease activity scores by biologic 
disease modifying antirheumatic drugs group. The percentages of APR improvement to total improvement of each disease activity score were 
calculated and compared between different disease activity scores. The median with interquartile range is plotted. * = P < 0.05 by Kruskal Wallis 
tests; TNFi = tumor necrosis factor inhibitor; CTLA4Ig = cytotoxic T lymphocyte–associated antigen 4 immunoglobulin fusion protein; IL 6i = 
interleukin 6 inhibitor; DAS28 = Disease Activity Score in 28 joints; ESR = erythrocyte sedimentation rate; CRP = C reactive protein; SDAI = 
Simplified Disease Activity Index.

Table 4. Cross classification of treatment response to IL 6i using 
CDAI50 and the EULAR response criteria based on ESR or CRP*

EULAR response, ESR EULAR response, CRP

Positive Negative Positive Negative
CDAI50

Positive 42 0 42 0
Negative 21 11 13 19

* IL- 6i = interleukin- 6 inhibitor; CDAI = Clinical Disease Activity Index; 
EULAR = European League Against Rheumatism; ESR = erythrocyte 
sedimentation rate; CRP = C- reactive protein. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.34914/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.34914/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.34914/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.34914/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.34914/abstract
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higher when using DAS28 ESR compared with SDAI and CDAI, 
due to the high weight of the ESR in the DAS28 ESR and the 
effect of IL 6i on the ESR (14,15).

The definition of treatment response based on SDAI and 
CDAI was proposed in 2012, based on data from 2 clinical trials of 
infliximab versus methotrexate, and ACR20 was identified as SDAI 
50% and CDAI 50% improvement (6,25). After that, the validity of 
SDAI50 was examined. Patients with RA who were bDMARD naive  
and treated with methotrexate alone or with a combination of  
conventional DMARDs were evaluated; there was good agree
ment between a moderate/good EULAR response (ESR) and 
SDAI50, with κ = 0.59 (7). Also, treatment responses after esca
lation of antirheumatic treatment including bDMARDs were eval
uated using ACR20, EULAR moderate/good response based 
on ESR, and SDAI50. Agreement of each treatment response 
was moderate to good (8).

There have been no reports that discussed response criteria 
under IL 6i treatment, and we evaluated different response criteria 
based on DAS28, SDAI, and CDAI. Among the response mea
sures we used, the CDAI50 is the only response measure that 
does not contain an APR component. As we expected, the con
cordance of EULAR response (ESR) and CDAI50 or SDAI50 was 
low in patients treated with IL 6i, and the contribution of ESR 
improvement to EULAR response (ESR) improvement was >50%. 
In the EULAR response criteria, the improvement of DAS28 from 
baseline is important when evaluating the response. An improve
ment >0.6 is considered to be a moderate response, even if the 
DAS28 after treatment indicates moderate disease activity. Even 
in patients without TJC and SJC improvement, when IL 6i treat
ment improves the DAS28 by >0.6 due to improvement in APRs, 
these patients are judged to have a EULAR response.

Contrary to the EULAR response (ESR), the agreement 
between EULAR response (CRP) and CDAI50 or SDAI50 was 
good, with κ >0.60. The contribution of CRP level improvement 
in DAS28 CRP improvement is 38.7%, which is significantly 
smaller than the contribution of ESR improvement. This difference 
seems to come from the characteristic of the DAS28 calculation 

formula. The influence of the change of ESR in the DAS28 ESR 
calculation formula on the overall DAS change has been reported 
to be large (12). Also, DAS28 CRP underestimates the disease 
activity compared to DAS28 ESR (22), and the impact of APR 
improvement by IL 6i on total DAS28 is considered to be smaller 
in DAS28 CRP. These reports support the argument that the term 
“0.36 × ln(CRP × 10 + 1) + 0.96” of the DAS28 CRP may not 
adequately replace the term “0.70 × ln(ESR)” of the DAS28 ESR 
when using treatment affecting APRs (26). Although the agree
ment of the EULAR response (CRP) and CDAI50 is favorable, 
EULAR response (CRP)–only responders showed no improve
ment in HAQ score. These results suggest that both the EULAR 
response (ESR) and the EULAR response (CRP) overestimate the 
response in IL 6i–treated patients.

Various therapeutic drugs, including bDMARDs, have been 
developed for RA treatment, but the response to treatment is 
 different for each patient. Therefore, various studies have been 
conducted to predict the responses to bDMARDs (27). Studies on 
therapeutic response predictors for IL 6i have been conducted, 
but some studies have used the EULAR response criteria as a 
standard for treatment response (28,29). Based on our research, 
EULAR response criteria may overestimate the therapeutic effect 
of IL 6i, and this fact should be considered when assessing the 
treatment predictors of IL 6i.

The current study has several limitations. This is an obser
vational study, and there are differences in the backgrounds of 
patients between different bDMARD groups. The median ESR 
and CRP level were higher in the IL 6i group than in the TNFi 
group; this finding may be related to the fact that APR improve
ment greatly contributed to overall disease activity improvement 
in IL 6i–treated patients. Therefore, we refrained from statistical 
analyses between TNFi, CTLA4Ig, and IL 6i and simply showed 
the numerical similarities and differences. We did not evaluate 
the patients’ radiographic changes and could not compare the 
radiographic changes of EULAR only responders. JAK  inhibitors, 
including tofacitinib and baricitinib, are approved for the treatment 
of RA. Because these agents interfere with IL 6  signaling, it is not 

Figure 2. Change in Health Assessment Questionnaire (HAQ) score after 6 months of IL 6i treatment. Patients were divided into 3 groups 
based on the response to the Clinical Disease Activity Index 50% improvement (CDAI50) measure and the European League Against Rheumatism 
response criteria based on the erythrocyte sedimentation rate (EULAR ESR). The HAQ scores at 0 and 6 months were compared. The mean ± 
SD is plotted. * = P < 0.05 by paired t tests.
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surprising that tofacitinib associated remission rates were higher 
when DAS28 CRP was used versus other remission criteria (26). 
This study did not evaluate response criteria in patients treated 
with JAK inhibitors; additional studies are required to confirm 
these observations.

In summary, the agreement of different response criteria was 
good in patients with RA who were treated with TNFi or CTLA4Ig, 
while the concordance of the EULAR response (ESR) and SDAI50 
or CDAI50 was poor in IL 6i–treated patients. The contribution of 
the improvement in APRs to DAS28 ESR or DAS28 CRP is large 
in IL 6i–treated patients, and EULAR only responders showed no 
improvement in the HAQ score. These results suggest that the 
EULAR response criteria overestimate the response under IL 6i 
treatment.
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Coexistent Hyperuricemia and Gout in Rheumatoid 
Arthritis: Associations With Comorbidities, Disease Activity, 
and Mortality
Andrew Chiou,1 Bryant R. England,2  Harlan Sayles,1 Geoffrey M. Thiele,2 Michael J. Duryee,2 Joshua F. Baker,3 
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Objective. Although hyperuricemia and gout can complicate the course of rheumatoid arthritis (RA), the impact 
of these factors on outcomes in RA is unclear. We undertook this study to examine associations of coexistent 
hyperuricemia and gout with RA disease measures, RA treatments, and survival.

Methods. Participants from a longitudinal RA study were categorized by the presence of gout and serum 
urate (UA) status. Groups were compared by baseline patient characteristics, RA disease activity, treatments, and 
comorbidities. Associations of baseline serum UA levels with all- cause and cardiovascular disease (CVD)–related 
mortality were examined in multivariable survival analyses.

Results. Of 1,999 participants with RA, 341 (17%) had serum UA concentrations of >6.8 mg/dl, and 121 (6.1%) 
were diagnosed with gout. There were no significant associations of serum UA concentration or gout with RA 
disease activity or treatment at enrollment, with the exception that those with gout were more likely to be receiving 
sulfasalazine and less likely to be receiving nonsteroidal antiinflammatory drugs. After adjustments for age and sex, 
moderate hyperuricemia (serum UA >6.8 to ≤8 mg/dl) was associated with an increased risk of CVD- related mortality 
(hazard ratio 1.56 [95% confidence interval 1.11–2.21]). This association was attenuated and not significant following 
additional adjustment for comorbidities that more commonly accompany hyperuricemia. Results corresponding with 
serum UA concentrations of >8.0 mg/dl were similar, although not reaching statistical significance in any model. 
There were no associations of baseline serum UA concentration with all- cause mortality.

Conclusion. Our study reports the frequency of hyperuricemia and gout in patients with RA. These results 
demonstrate strong associations of hyperuricemia with CVD mortality in this population, a risk that appears to be 
driven by excess comorbidity.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic and progressive auto
immune disease that causes both systemic and articular inflam
mation, primarily of the small joints of the hands and feet. Gout, 
on the other hand, is an inflammatory arthropathy caused by the 

deposition of articular and periarticular monosodium urate mono
hydrate (MSU) crystals occurring in the context of chronic hyperuri
cemia. Although the coexistence of gout and RA has traditionally 
been thought to be exceedingly rare (1), the Rochester Epidemi
ology Project in 2007 reported a 25 year cumulative gout preva
lence of >5% in patients with RA (2). Further studies have revealed 
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that a significant proportion of RA patients demonstrate evidence 
of MSU deposition consistent with gout, challenging previous per
ceptions that gout and RA are mutually exclusive conditions (3).

Apart from the potential misclassification of either condition, 
the identification of gout in patients with RA may have additional 
implications. Hyperuricemia, a necessary risk factor for gout, has 
been associated with cardiovascular and renal disease, suggest
ing that serum urate (UA) concentrations might be of prognos
tic value in patients with RA in addition to those with gout. The 
pathogenesis of gouty arthritis is relatively well understood, with 
uric acid and urate crystals acting as proinflammatory stimulants 
(4–6). Gout is associated with an approximate 2 fold increased 
risk for cardiovascular disease and mortality in comparison to 
the general population (7–9). Further, in both gout and non gout 
populations, individuals with elevated serum UA concentrations 
have an approximate 3 fold increased risk of developing incident 
cardiovascular disease (10). As in the general population (11,12), 
serum UA concentrations are strongly correlated with renal dys
function in RA (13), highlighting the potential of serum UA as a 
biomarker for early detection of renal impairment. Hyperuricemia 
has also been associated with peripheral vascular disease and 
appears to be more strongly associated with mortality in patients 
with RA compared to individuals without RA (14). Together, these 
studies suggest that both hyperuricemia and gout are more 
common in RA than previously appreciated and may portend 
important long term consequences.

However, the potential influence of hyperuricemia and/or  
gout on RA disease activity, medication selection, and long term 
outcomes remains unknown. Thus, the objectives of this study 
were as follows: to examine the co occurrence of gout and 
hyperuricemia with RA; to examine associations of RA disease 
activity and treatment based on the presence of comorbid gout 
or hyperuricemia; and to determine associations of gout and 
hyperuricemia with mortality in patients with RA. We hypothesized 
that RA patients with coexistent hyperuricemia or gout would 
have more severe RA, require more aggressive therapy reflected 
in a higher rate of prednisone and/or biologic use, and would have 
higher mortality rates.

PATIENTS AND METHODS

Study participants. A total of 1,999 participants enrolled 
in the multicenter Veterans Affairs Rheumatoid Arthritis (VARA) 
registry and were included in this study (15). There were an 
additional 242 VARA participants excluded from the study due 
to missing covariates. The VARA registry is a longitudinal obser
vational cohort of US military veterans with RA, all fulfilling the 
1987 American College of Rheumatology classification criteria 
(16). Enrollment was initiated in January 2003, and for this study 
patients were followed until death or through December 2015. 
Rheumatology clinics from Veterans Affairs (VA) medical centers 
in the following 12 US cities enrolled patients included in this 
study: Birmingham, Alabama; Brooklyn, New York; Dallas, Texas;  
Denver, Colorado; Iowa City, Iowa; Jackson, Mississippi; Little 
Rock, Arkansas; Omaha, Nebraska; Philadelphia, Pennsylvania; 
Portland, Oregon; Salt Lake City, Utah; and Washington, DC. 
The registry contains clinical measurements obtained at enroll
ment and at follow up visits in addition to a biological repository 
of banked serum from enrollment. Written informed consent prior 
to enrollment was obtained from all participants. This study was 
approved by institutional review boards at all participating centers 
and by the VARA Scientific Ethics Advisory Committee.

Gout status. Using established links between VARA and the 
national VA Corporate Data Warehouse (CDW) contained within 
the VA Informatics and Computing Infrastructure, we looked for 
the presence of at least 1 International Classification of Diseases, 
9th or 10th revision (ICD 9 or ICD 10) code for gout during the  
12 month period preceding VARA enrollment and extending 
through study follow up. Medical records of all individuals with 
at least 1 diagnostic code for gout were then reviewed for evi
dence of MSU deposition confirmed by polarized microscopy, 
with results detailed in either a laboratory report or a note from a 
rheumatology provider. In addition to documented crystal confir
mation, patients were also considered to have gout if there were 
≥2 gout codes separated by 30–365 days, in addition to at least 1 
diagnostic code coming from a rheumatologist provider or receipt 
of at least 2 prescriptions for urate lowering therapy (allopurinol, 
febuxostat, or probenecid) during observation. Gout cases were 
classified as either pre or post enrollment based on when these 
diagnoses were given relative to VARA enrollment.

Serum UA measurement. Concentrations of serum UA, 
from samples collected at enrollment, were measured in a cen
tral laboratory using the VITROS URIC Slide Chemistry method 
(Ortho Clinical Diagnostics), which uses the uricase reaction. In 
order to determine if there was a dose phenomenon associated 
with differing severity of hyperuricemia, we categorized patients 
into 3 groups: serum UA concentrations of ≤6.8 mg/dl, >6.8 to 
≤8 mg/dl, and >8 mg/dl. Rather than using different definitions of 
hyperuricemia for men and women, a single serum UA threshold 

SIGNIFICANCE & INNOVATIONS
• To date, this is one of the largest studies examining 

coexistent rheumatoid arthritis (RA) and gout (n = 121  
coexistent cases).

• The frequency of gout (6.1%) and hyperuricemia 
(17%) in this population approach prevalence rates 
in the general population.

• Hyperuricemia or gout are associated with a higher 
comorbidity burden in patients with RA.

• Moderate hyperuricemia is associated with in-
creased cardiovascular mortality, a risk that is at-
tributable to increased comorbidity.
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of 6.8 mg/dl was used to define hyperuricemia as this is the con
centration at which uric acid precipitates into MSU crystals at a 
physiologic pH irrespective of sex (17). Concentrations >8.0 mg/dl 
have been used in recent work to define patients with more severe 
hyperuricemia (18).

Clinical measurements. Patient characteristics collected 
at VARA enrollment included age, sex, self reported race/ethnicity,  
education, smoking status (never, former, current), body mass 
index (BMI; kg/m2), and date of RA diagnosis. BMI was calcu
lated from height and weight values in the CDW. Enrollment BMI 
was modeled in categories (<20, 20 to ≤25, >25 to ≤30, >30 to 
≤35, and >35), with the 20 to ≤25 group (normal body weight) 
acting as the reference group. In addition, we recorded medica
tion use and RA classification criteria (e.g., subcutaneous nodules 
and radiographic changes) at enrollment. At enrollment and at 
each follow up visit, swollen and tender joint counts (0–28 joints), 
provider and patient global assessments (using 100 mm visual 
analog scales), erythrocyte sedimentation rate, and scores from 
the 10 item Multidimensional Health Assessment Questionnaire 
(range 0–3) (19) were obtained. Based on visit data, the Disease 
Activity Score in 28 joints (DAS28) (20) was calculated, with scores 
categorized as remission, low, moderate, or high disease activity. 
Utilizing banked serum from enrollment, high sensitivity C reactive  
protein level was measured by nephelometry, while anti–cyclic 
citrullinated peptide (anti CCP) antibody was measured using a 
second generation commercial enzyme linked immunosorbent 
assay (21).

Comorbidities. Using the Healthcare Cost and Utiliza
tion Project Clinical Classifications Software from the Agency 
for Healthcare Research and Quality, comorbid conditions were 
aggregated for the 12 months prior to enrollment from VA national 
administrative data. Rheumatic Disease Comorbidity Index (RDCI) 
values were calculated as an overall comorbidity score (22). The 
RDCI consists of the following comorbid conditions: myocardial 
infarction (MI) or atherosclerosis, other cardiovascular disease 
(CVD), stroke, hypertension, chronic kidney disease (CKD), kidney 
problems, lung disease, diabetes mellitus, cancer, ulcer or stom
ach problems, depression, and fracture.

Survival outcomes. Cardiovascular related and all 
cause mortality were identified using the National Death Index (NDI) 
(National Center for Health Statistics, US Department of Health and 
Human Services). The NDI is a centralized database of death record 
information that reflects state vital statistics office records. The 
database is maintained by the US Centers for Disease Control and 
Prevention and is matched to the VA data by the Veterans Health 
Administration Suicide Data Repository. These records include date 
of death and cause of death as recorded by ICD 10 codes. Cardio
vascular mortality was defined as any death attributed to a cause 
with an ICD 10 code within chapter 9 (I00–I99).

Statistical analyses. Baseline characteristics were com
pared by gout and serum UA categories using one way analysis  
of variance, Kruskal Wallis test, Wilcoxon’s rank sum test, or Stu
dent’s t tests for continuous variables, while categorical values 
were examined using Pearson’s chi square tests or Fisher’s exact 
tests, as appropriate.

Crude mortality rates and corresponding 95% confidence 
intervals (95% CIs) were calculated for all cause and CVD related 
deaths. The association of baseline serum UA concentration 
with all cause mortality was examined graphically using cumu
lative incidence plots and then by using a series of sequential 
Cox models. Model A included only age and sex as covariates. 
An intermediate model, Model B, again included age and sex as 
covariates in addition to race (white versus nonwhite), smoking 
status at enrollment, BMI, RDCI score, CKD at enrollment, DAS28 
category, and prednisone use. A fully adjusted model (Model C) 
included all of the covariates included in Model B in addition to 
gout, the latter modeled as a time varying covariate as some of 
these cases developed during follow up. Using the same covar
iates and multiple models, associations with CVD related mor
tality were examined using competing risks regression in order 
to account for the potential masking of associations between 
risk factors and specific causes of death (23). The selection of 
covariates included in multivariable analyses of all cause and 
CVD related morality was informed by prior work with this cohort 
(24,25). Complete case analysis was performed with exclusion of 
participants with missing covariates from the final model. All mod
els were adjusted for clustering within VA site, and all analyses 
were conducted using Stata, version 15.1.

RESULTS

Participant characteristics. Of 1,999 participants with 
RA and complete data available, there were 341 (17%) with 
serum UA concentrations of >6.8 mg/dl at enrollment. The over
all mean ± SD serum UA concentration was 5.48 ± 1.73 mg/dl, 
5.57 ± 1.72 mg/dl among men with RA, and 4.60 ± 1.56 mg/dl  
among women with RA. Of these, 120 (6.0%) had serum UA con
centrations of >8.0 mg/dl. At enrollment, 86 patients (4.3%) car
ried a diagnosis of gout. Of the remaining 1,913 participants who 
were gout free at enrollment, an additional 35 (1.8%) developed 
incident gout during follow up, resulting in a cumulative gout inci
dence of 6.1%. Medical record review demonstrated evidence of 
MSU crystal confirmation from a diagnostic aspirate in 41 (34%) 
of the 121 gout cases. Of those with crystal confirmed gout, most 
(63%) were also positive for anti CCP antibody.

Factors associated with baseline serum UA concen-
tration and gout status. Compared to patients with normal 
serum UA concentrations at enrollment, RA patients with hyperuri
cemia were older (P = 0.014), more frequently male (P < 0.001), 
and had higher BMI values (P < 0.001) (Table 1). Likewise, RA 



HYPERURICEMIA AND GOUT IN RA |      953

patients with hyperuricemia had a greater comorbidity burden as 
demonstrated by higher RDCI scores (P < 0.001) and a higher 
prevalence of both hypertension (P < 0.001) and CKD (P < 0.001). 
Similar to results following stratification by baseline serum UA 
 status, RA participants with a history of gout at enrollment were 
older (P = 0.001) and more frequently male (P = 0.006) than par
ticipants without gout (Table 2). Similar to those with hyperurice
mia, gout was associated with a greater comorbidity, including 
a higher prevalence of both hypertension (P < 0.001) and CKD 
(P < 0.001). In contrast to results stratified by serum UA status, 
patients with gout were substantially more likely to be diabetic 
(38% versus 20%; P < 0.001) when compared to those without a 

baseline gout diagnosis.

Unadjusted associations of RA- related factors with 
baseline serum UA concentration and gout status. There 
were no associations of baseline serum UA status with simultane
ously collected measures of RA disease activity or severity (Table 3). 
In regard to RA treatments used at the time of enrollment, there 
were no significant differences across serum UA groups. The use 
of gout related medications (colchicine or urate lowering therapies) 
was more frequent in RA patients with hyperuricemia, particularly 
in those with marked hyperuricemia, compared to those with nor
mal serum UA concentrations at enrollment. Compared to those 
without gout at enrollment, those with gout were slightly more 
likely to be using sulfasalazine (P = 0.007) and less likely to be 
using nonsteroidal antiinflammatory drugs (NSAIDs) (P = 0.011) 
(Table 3). Other measures of RA disease activity or severity and use 
of RA related medication did not differ  significantly based on the 

presence of baseline gout. As expected, the use of colchicine and 
urate lowering therapy any time during observation was substan

tially more frequent among RA patients with comorbid gout.

Table 2. Demographic characteristics and comorbidity by gout diagnosis 
at enrollment in the Veterans Affairs Rheumatoid Arthritis Registry*

RA patients 
without gout 
(n = 1,913)

RA 
patients 

with gout 
(n = 86) P

Age, mean ± SD years 64 ± 11 68 ± 10 0.001
Male sex 90 99 0.006
White race 78 73 0.325
High school education  

 or higher
86 88 0.566

Smoking 0.398
Never 20 19
Former 54 60
Current 27 21

BMI, kg/m2 0.065
<20 5 1
20–25 24 16
>25 to ≤30 37 45
>30 to ≤35 23 20
>35 11 17

RDCI score, mean ± SD 1.9 ± 1.5 2.2 ± 1.5 0.136
MI or atherosclerosis 3 7 0.021
Other cardiovascular  

 disease
26 34 0.111

Hypertension 55 74 <0.001
Chronic kidney disease 4 16 <0.001
Diabetes mellitus 20 38 <0.001

* Values are the percentage unless indicated otherwise. RA = 
rheumatoid arthritis; BMI = body mass index; RDCI = Rheumatic 
Disease Comorbidity Index; MI = myocardial infarction. 

Table 1. Demographic characteristics and comorbidity by serum urate (UA) concentration at enrollment in the 
Veterans Affairs Rheumatoid Arthritis Registry*

Total 
(n = 1,999)

Serum UA 
≤6.8 mg/dl 
(n = 1,658)

Serum UA >6.8 to 
≤8.0 mg/dl 
(n = 221)

Serum UA 
>8.0 mg/dl 
(n = 120) P

Age, mean ± SD years 64 ± 11 64 ± 11 66 ± 10 66 ± 10 0.014
Male sex 90 89 96 96 <0.001
White race 78 78 76 76 0.877
High school education or higher 86 86 84 89 0.563
Smoking 0.052

Never 20 20 19 19
Former 54 53 57 62
Current 27 28 24 19

BMI category, kg/m2 <0.001
<20 4 5 3 2
20–25 24 25 20 13
>25 to ≤30 37 38 36 35
>30 to ≤35 23 22 24 31
>35 12 10 17 19

RDCI score, mean ± SD 1.9 ± 1.5 1.9 ± 1.5 2.1 ± 1.5 2.4 ± 1.5 <0.001
MI or atherosclerosis 3 3 3 3 0.948
Other cardiovascular disease 26 25 33 38 <0.001
Hypertension 56 54 66 76 <0.001
Chronic kidney disease 5 3 10 15 <0.001
Diabetes mellitus 21 21 19 23 0.662

* Values are the percentage unless indicated otherwise. BMI = body mass index; RDCI = Rheumatic Disease Comorbidity 
Index; MI = myocardial infarction. 



CHIOU ET AL 954       |

Associations of baseline serum UA concentration 
with mortality. Over a total observation period of 11,471 
person years, there were 598 deaths, resulting in a crude mortal
ity rate of 5.21 deaths per 100 person years. CVD accounted for 
187 (31%) of these deaths, resulting in a crude CVD mortality rate 
of 1.63 deaths per 100 person years.

Unadjusted cumulative incidence curves of all cause and 
CVD related mortality, based on serum UA category, are shown in 
Figure 1. Compared to those with normal serum UA concentrations 
at enrollment, RA patients with moderate hyperuricemia (serum UA 
>6.8 mg/dl to ≤8 mg/dl) demonstrated a significant increased risk 
of CVD related mortality in an age  and sex adjusted model (Model 
A hazard ratio [HR] 1.56 [95% CI 1.11–2.21]) (Table 4). This associ
ation was slightly attenuated and no longer reached statistical sig
nificance in the intermediate (Model B HR 1.45 [95% CI 0.95–2.23]) 
and fully adjusted models (Model C HR 1.46 [95% CI 0.96–2.22]). 
Those with marked  hyperuricemia (serum UA >8 mg/dl) demon
strated a CVD mortality risk that was similar to those with moderate 
hyperuricemia in an age  and sex adjusted model (Model A HR 1.69 
[95% CI 0.82–3.51]), although this association did not achieve sta
tistical significance (P = 0.156). This trend toward significance was 
further attenuated and remained nonsignificant in the intermediate 

(Model B HR 1.38 [95% CI 0.55–3.49]) and fully adjusted (Model C 
HR 1.36 [95% CI 0.52–3.54]) models. There were no associations 
of baseline serum UA concentration with all cause mortality regard

less of the model examined (Table 4).
Associations of covariates included in the fully adjusted model 

(Model C) are shown in Table 5. As previously reported in this 
population (24,25), factors associated with higher mortality risk 
included older age, male sex (all cause), white race, smoking 
(all cause), low BMI (all cause), comorbidity burden, CKD, higher 
RA disease activity, and prednisone use. Although not associ
ated with all cause mortality (HR 1.03 [95% CI 0.72–1.48]), there 
was a nonsignificant trend toward an association between a 
gout diagnosis and CVD death (HR 1.67 [95% CI 0.85–3.26]). 
Associations of gout with survival were similar in magnitude and 
also nonsignificant in models adjusted only for age and sex (data 

not shown).

DISCUSSION

Historically, the co occurrence of gout and RA has been 
subject to limited investigation. Prior to 2014, only 55 cases 
of coexistent disease had been summarized in the literature 

Table 3. Rheumatoid arthritis disease characteristics by serum urate (UA) concentration and gout status at enrollment in the Veterans 
Affairs Rheumatoid Arthritis Registry*

Baseline serum UA level Baseline gout status

≤6.8 mg/dl
>6.8 to ≤8.0 

mg/dl >8.0 mg/dl P No gout Gout P
Disease activity/severity

Disease duration, mean ± SD years 12 ± 11 13 ± 12 12 ± 11 0.253 12 ± 11 11 ± 12 0.293
Anti- CCP positive 77 82 77 0.235 78 72 0.178
Subcutaneous nodules 29 36 35 0.063 30 24 0.235
Radiographic changes 54 55 54 0.957 54 51 0.515
MD- HAQ score, mean ± SD 0.9 ± 0.6 0.8 ± 0.6 0.9 ± 0.6 0.134 0.9 ± 0.6 1.0 ± 0.6 0.099
ESR, mean ± SD mm/hour 26 ± 23 25 ± 20 29 ± 25 0.254 26 ± 23 27 ± 23 0.758
hsCRP, mean ± SD mg/dl 1.2 ± 2.0 1.2 ± 1.7 1.1 ± 1.6 0.384 1.2 ± 1.9 1.5 ± 2.5 0.055
DAS28 category 0.773 0.777

Remission (<2.6) 23 24 22 – 23 24 –
Low (≥2.6 to ≤3.2) 15 16 13 – 15 15 –
Moderate (>3.2 to ≤5.1) 39 41 45 – 40 43 –
High (>5.1) 23 19 21 – 22 17 –

Treatments†
Methotrexate 54 61 51 0.121 54 63 0.126
Leflunomide 12 10 6 0.072 12 7 0.191
Sulfasalazine 16 11 12 0.111 14 25 0.007
Hydroxychloroquine 35 39 36 0.630 36 30 0.291
Prednisone 42 46 42 0.549 42 49 0.208
Biologic therapy 29 30 37 0.172 29 24 0.313
NSAIDs 36 29 31 0.057 35 22 0.011
Colchicine 7 11 15 0.002 6 58 <0.001
Allopurinol 7 10 22 <0.001 5 85 <0.001
Febuxostat 0.1 0.5 2.5 0.002 0.1 4.7 <0.001
Any urate- lowering therapy 7 10 23 <0.001 5 85 <0.001

* Values are the percentage unless indicated otherwise. Anti- CCP = anti–cyclic citrullinated peptide; MD- HAQ = Multidimensional Health 
Assessment Questionnaire; ESR = erythrocyte sedimentation rate; hsCRP = high- sensitivity C- reactive protein; DAS28 = Disease Activity 
Score in 28 joints; NSAIDs = nonsteroidal antiinflammatory drugs. 
† Medications reflect baseline use with exception of gout- related medications (colchicine, allopurinol, febuxostat, or other urate- lowering 
medications) that reflect ever use during observation. 
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(2,26). To date, therefore, the current study is among the largest  
assessing concurrent gout and RA with the identification of 86 
participants with prevalent gout at the time of registry enroll
ment and an additional 35 who developed incident gout during  
follow up. Furthermore, 17% of RA participants were found to 
have serum UA concentrations of >6.8 mg/dl. It is notewor
thy that the frequency of hyperuricemia and gout in this study 
of predominantly male (90%) US veterans is similar to recent 
estimates from the US general  population, where investigators 
recently observed a gout prevalence of 5.9% and a prevalence of 

 hyperuricemia (serum UA >7.0 mg/dl) of 20% among adult men 
(27). Likewise, the mean serum UA concentration among men 
observed in our study (5.6 mg/dl) was similar to that observed in 
the general population of adult men (6.0 mg/dl). Taken together, 
these results counter the notion that RA or its treatment pro
vides meaningful protection against the development of hyperu
ricemia leading to gout.

Previous reports have proposed that glucocorticoids and 
NSAIDs commonly used in RA could potentially mask the inflam
matory manifestations of gout (2), which was offered as an expla
nation for earlier conclusions that gout was only rarely diagnosed 
in the context of established RA (1). In our study, compared to RA 
patients with gout, gout free participants were significantly more 
likely to be taking NSAIDs at enrollment. Avoidance of these med
ications in gout patients may relate to a higher prevalence of CKD. 
It is also possible that the use of NSAIDs could have masked clin
ical symptoms (and prevented the diagnosis) of gout in a limited 
number of hyperuricemic RA patients. It has also been proposed 
that select proinflammatory cytokines in RA might exert uricosuric 
effects and therefore reduce the likelihood of patients developing 
overt gout (28). Counter to our study hypothesis, we observed no 
differences in the use of therapies that might impact cytokine con
centrations (e.g., methotrexate, prednisone, or biologic therapies) 
based on serum UA concentration or gout status at the time of 
enrollment into this RA registry.

Likewise, we found no associations of hyperuricemia or gout 
with measures of RA disease activity or severity. Although both 
uric acid and MSU crystals have been shown to act as potent 
immunostimulants (4–6), it is possible that the nearly universal use 
of disease modifying antirheumatic drugs and/or other potent 
antiinflammatory treatments in RA obfuscated this association. 
Consistent with observations from other populations, RA patients 
with hyperuricemia at the time of registry enrollment demonstrated 

Figure  1. Serum urate concentration and survival. Cumulative 
incidence curves show associations of baseline serum urate 
category with all cause mortality (top) and cardiovascular mortality 
(bottom). Serum urate categories are defined as ≤6.8 mg/dl (normo
uricemic), >6.8 to ≤8.0 mg/dl (hyperuricemia), and >8.0 mg/dl 
(marked hyperuricemia).

Table 4. Multivariable associations of baseline serum urate (UA) category with all cause and cardiovascular 
disease (CVD)–related mortality*

Serum UA category

All- cause CVD

HR (95% CI) P HR (95% CI) P
Model A

≤6.8 mg/dl Ref. – Ref. –
>6.8 to ≤8 mg/dl 1.10 (0.89–1.35) 0.378 1.56 (1.11–2.21)† 0.011†
>8 mg/dl 1.26 (0.93–1.69) 0.131 1.69 (0.82–3.51) 0.156

Model B
≤6.8 mg/dl Ref. – Ref. –
>6.8 to ≤8 mg/dl 1.06 (0.90–1.26) 0.496 1.45 (0.95–2.23) 0.086
>8 mg/dl 1.15 (0.89–1.49) 0.282 1.38 (0.55–3.49) 0.494

Model C
≤6.8 mg/dl Ref. – Ref. –
>6.8 to ≤8 mg/dl 1.06 (0.89–1.26) 0.502 1.46 (0.96–2.22) 0.074
>8 mg/dl 1.15 (0.90–1.47) 0.263 1.36 (0.52–3.54) 0.526

* Model A covariates = age and sex. Model B covariates = age, sex, race, smoking status, body mass index,
Rheumatic Disease Comorbidity Index score, chronic kidney disease, Disease Activity Score in 28 joints 
category, and treatment with prednisone. Model C covariates include those in Model B plus gout. HR = hazard 
ratio; 95% CI = 95% confidence interval; Ref. = reference. 
† Significant. 
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a significantly greater comorbidity burden than normouricemic 
RA patients, particularly in terms of hypertension and CKD. It is 
important to note that compared to reports from other gout pop
ulations (29), the prevalence of CKD among individuals with gout 
or those with marked hyperuricemia (15–16%) was lower in this 
study. These lower estimates likely reflect the use of diagnostic 
codes for CKD classification, an approach that, although highly 
specific, suffers from limited sensitivity (30). Recognizing this limi
tation, our observation is in line with the previously reported finding 
that serum UA concentration acts as a predictor of renal dysfunc
tion in the context of RA (13) in addition to being a marker of other 
comorbid conditions.

The relevance of serum UA concentration acting as a bio
marker of comorbidity burden was further borne out in survival 
analyses. Compared to normouricemic registrants, RA patients 
with hyperuricemia were 60–70% more likely to experience cardio
vascular mortality after accounting for differences in age and sex. 
This risk reached statistical significance only in those with mod
erate hyperuricemia (serum UA >6.8 to 8 mg/dl) and not in those 
with marked hyperuricemia, likely owing to smaller numbers. The 
risk of CVD mortality attributable to moderate and marked hyper
uricemia was attenuated and no longer significant after account
ing for comorbidity burden (reflected in RDCI score), with CKD 
and BMI acting as the strongest confounders of these relation
ships. Although limited in power, with just 121 cases identified, 
we observed nonsignificant trends suggesting an increased risk of 
CVD mortality attributable to gout even after accounting for base
line serum UA concentration and other confounders, consistent 

with results from the Multiple Risk Factor Intervention Trial, which 
demonstrated associations between gout and the risk of acute MI 
independent of hyperuricemia (31).

Different hypotheses have been suggested to explain 
potential links between serum UA concentration, gout, and 
CVD risk. These have included the presence of shared risk 
factors, the impact of systemic inflammation on endothelial 
dysfunction and accelerated atherosclerosis, and/or the direct 
interaction of uric acid with diverse metabolic pathways impli
cated in CVD (32,33). While residual confounding is always a 
concern in understanding causal relationships in observational 
studies, results from this study underscore the possible value of 
identifying hyperuricemia in the context of RA given its striking 
associations with comorbid conditions such as hypertension 
and renal impairment that, in turn, act as potentially modifiable 
predictors of CVD related survival.

Our study has several strengths, including the unique and 
well characterized RA study population available, links of this 
registry with national VA and vital status data, and the availabil
ity of biobanked serum samples that allowed for standardized 
serum UA measurement. Because it contains so many patients 
characterized by gout risk (e.g., older men with comorbid dis
eases), the VA population was perhaps uniquely suited for us 
to address the hypotheses posed in this study. However, we 
recognize that these results may not be readily generalizable 
to other RA patient populations. Despite having access to a 
large at risk population, statistical power was limited for select 
analyses, including those focused on RA patients with marked 

Table 5. Associations of covariates with all cause and cardiovascular mortality in full model (Model C)*

All- cause Cardiovascular

HR (95% CI) P HR (95% CI) P
Age 1.08 (1.06–1.09)† <0.001† 1.05 (1.03–1.08)† <0.001†
Male sex 1.56 (1.10–2.22)† 0.013† 1.23 (0.67–2.24) 0.507
White race 1.38 (1.18–1.60)† <0.001† 1.66 (1.16–2.36)† 0.005†
Tobacco use at enrollment

Never Ref. Ref. Ref. Ref.
Former 1.25 (1.08–1.45)† 0.003† 1.08 (0.55–2.12) 0.833
Current 2.12 (1.75–2.57)† <0.001† 1.42 (0.77–2.62) 0.258

BMI, kg/m2

<20 1.86 (1.48–2.34)† <0.001† 1.59 (0.91–2.77) 0.103
20–25 Ref. Ref. Ref. Ref.
>25 to ≤30 0.84 (0.72–0.99)† 0.037† 0.73 (0.50–1.07) 0.109
>30 to ≤35 0.67 (0.60–0.74)† <0.001† 0.85 (0.68–1.06) 0.156
>35 0.85 (0.62–1.16) 0.307 0.92 (0.46–1.85) 0.815

RDCI score 1.24 (1.17–1.32)† <0.001† 1.19 (1.10–1.28)† <0.001†
Chronic kidney disease 1.71 (1.41–2.08)† <0.001† 2.17 (1.78–2.65)† <0.001†
DAS28 category

Remission Ref. Ref. Ref. Ref.
Low 1.33 (1.09–1.64)† 0.006† 1.31 (0.94–1.82) 0.111
Moderate 1.61 (1.39–1.86)† <0.001† 1.65 (1.21–2.26)† 0.002†
High 1.89 (1.46–2.43)† <0.001† 1.71 (1.15–2.56)† 0.008†

Prednisone use 1.21 (1.04–1.41)† 0.016† 1.25 (1.04–1.50)† 0.019†
Gout 1.03 (0.72–1.48) 0.876 1.67 (0.85–3.26) 0.136

* HR = hazard ratio; 95% CI = 95% confidence interval; Ref. = reference; BMI = body mass index; RDCI = Rheumatic 
Disease Comorbidity Index; DAS28 = Disease Activity Score in 28 joints. 
† Significant. 
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hyperuricemia or mortality risk specific to gout. Although the 
registry leveraged in this report includes longitudinal follow 
 up, most of the patients with gout (71%) were diagnosed prior 
to RA registry enrollment, which precluded efforts to identify 
risk factors for the development of new onset gout. Recogniz
ing that all of the study participants satisfied validated classi
fication criteria for RA and were under regular rheumatologic 
care, we used a relatively stringent definition of gout to min
imize possible misclassification. More than one third of gout 
patients identified in this study underwent diagnostic aspira
tions (considered the gold standard for diagnosis). Of these 
crystal confirmed cases, seropositivity for anti CCP antibody 
(63%) was only slightly lower than that of the overall study 
population with gout (72%), suggesting that misclassification 
was likely infrequent.

With serum samples available only from the time of registry 
enrollment, analyses of serum UA concentrations were limited to 
a single point in time. Larger studies that incorporate longitudinal  
serum UA measurements in RA patients could prove to be infor
mative in the future. Such studies would provide much needed 
insight into whether changes in serum UA concentration over time, 
including those related to urate lowering therapy, might influence 
RA disease activity, benefit survival, or prevent the development of 
relevant comorbid conditions that frequently affect patients.

In conclusion, our observations confirm that hyperuricemia 
and gout coexist with RA in a select number of patients. More
over, our findings demonstrate strong associations of hyperurice
mia with CVD mortality in this population, a risk that appears to be 
driven primarily by excess comorbidity.
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B R I E F  R E P O R T

Baseline Objective Inflammation by Magnetic Resonance 
Imaging as a Predictor of Therapeutic Benefit in Early 
Rheumatoid Arthritis With Poor Prognosis
Harris A. Ahmad,1 Joshua F. Baker,2 Mikkel Østergaard,3 Paul Emery,4  Patrick Durez,5 June Ye,1 
Subhashis Banerjee,1 and Philip G. Conaghan4

Objective. High magnetic resonance imaging (MRI)–detected inflammation is associated with greater progression 
and poorer outcomes in rheumatoid arthritis (RA). This analysis aimed to determine if baseline MRI inflammation was 
related to clinical response and remission in the Assessing Very Early Rheumatoid arthritis Treatment (AVERT) study.

Methods. AVERT was a phase IIIb, randomized, controlled trial with a 12- month, double- blind treatment period 
enrolling patients with early (≤2 years’ duration), anti- citrullinated peptide–positive methotrexate (MTX)- naive RA. 
In this post hoc analysis, patients in the abatacept plus MTX (n = 114) and MTX (n = 111) arms with available MRI 
results were stratified into low and high baseline MRI inflammation groups based on previously developed cutoffs 
of synovitis and osteitis on unilateral hand–wrist contrast- enhanced MRI. Simplified Disease Activity Index (SDAI) 
remission (≤3.3), Clinical Disease Activity Index (CDAI) remission (≤2.8), Boolean remission, and Disease Activity 
Score in 28 joints using the C- reactive protein level (<2.6) were assessed.

Results. Overall, 100 of 225 patients (44.4%) had high baseline MRI inflammation. In patients with high baseline 
MRI inflammation, a significantly greater proportion achieved remission at 12 months with abatacept plus MTX 
versus MTX across SDAI (45.1% versus 16.3%; P = 0.0022), CDAI (47.1% versus 20.4%; P = 0.0065), and Boolean 
indices (39.2% versus 16.3%; P = 0.0156). In patients with low baseline MRI inflammation, remission rates were not 
significantly different with abatacept plus MTX versus MTX (SDAI: 39.7% versus 32.3%; P = 0.4961).

Conclusion. In seropositive, MTX- naive patients with early RA and presence of objectively measured high inflam-
mation by MRI, indicating poor prognosis, remission rates were higher with abatacept plus MTX treatment versus MTX.

INTRODUCTION

Rheumatoid arthritis (RA) is an immune- mediated disease, 
characterized by systemic, chronic joint inflammation that leads to 
structural damage (1). While improving the signs and symptoms 

of RA is essential, and clinical remission is a key goal of treatment, 
in order to reduce long- term disability, preventing the progression 
of structural joint damage is important (2,3).

When starting biologic therapy, the ability to identify patients 
with a greater likelihood of structural progression is important 
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to minimize disease impact through personalizing RA treatment 
approaches. Objective measures of inflammation, such as mag-
netic resonance imaging (MRI), may provide information on top of 
clinical assessments (4). MRI allows assessment of synovitis more 
accurately than clinical evaluation alone and can detect subclinical 
levels of inflammation (5,6).

MRI has the potential to be a predictive imaging biomarker, 
providing objective information that could inform treatment deci-
sions, such as when tapering of biologic therapy should be con-
sidered (7). In a 5- year follow- up study of patients with RA, MRI 
was shown to be able to identify bone erosions before these 
become evident on radiographs (8). Recent data from a second-
ary analysis of 2 randomized clinical trials suggested that it may 
be possible to stratify patients as progressors or nonprogressors 
based on their level of MRI inflammation after 24 weeks of treat-
ment and that attainment of a low MRI inflammation score may 
predict a lack of structural disease progression independently of 
attaining clinical remission (9).

Abatacept is an immunomodulator that disrupts the continu-
ous cycle of T cell activation that characterizes RA and inhibits B 
cell–derived autoantibody and proinflammatory cytokine produc-
tion (10). In the Assessing Very Early Rheumatoid arthritis Treat-
ment (AVERT) trial, a significantly greater proportion of patients 
receiving abatacept plus methotrexate (MTX) compared with MTX 
achieved Disease Activity Score in 28 joints using the C- reactive 
protein level (DAS28- CRP) remission (DAS28- CRP score <2.6) at 
12 months (P = 0.010) (1). Numerically greater reductions in sy no-
vitis, osteitis, and erosion scores from baseline were also seen 
with abatacept plus MTX compared with MTX (1).

Modern RA treatment recommendations highlight the need 
to aim for remission (11,12). A means of predicting the achieve-
ment of clinical remission would be of great value to patients 
and their treating physicians in the clinical setting. As such, the 
aim of this post hoc analysis was to determine the proportion of 
patients in each treatment arm of the AVERT study achieving clin-
ical remission over 12 months, stratified by baseline MRI- detected 
inflammation status, as an objective measure of inflammation. We 
investigated whether a greater benefit of more intensive (combi-
nation) therapy would be observed among those with high MRI 
inflammation at baseline.

PATIENTS AND METHODS

AVERT study design and procedures. AVERT was a 
phase IIIb, randomized, active- controlled trial of 24 months with 
a 12- month, double- blind treatment period (NCT01142726) and 
has been described previously (1). Briefly, eligible patients were 18 
years or older with early, active RA (persistent symptoms for ≤2 
years), DAS28- CRP ≥3.2, active clinical synovitis of ≥2 joints for 
at least 8 weeks (regardless of any current treatment), and anti– 
citrullinated peptide- 2 antibody positivity. Patients were MTX naive 
or had received MTX (≤10 mg/week) for ≤4 weeks with no MTX for 
1 month prior to enrollment (1).

During the 12- month treatment period, patients were 
stratified based on corticosteroid use at baseline (yes/no) and 
randomized 1:1:1 to receive abatacept plus MTX, abata-
cept monotherapy, or MTX. Abatacept was administered subcu-
taneously at 125 mg/week without an intravenous loading dose. 
MTX was initiated at 7.5 mg/week and titrated to 15–20 mg/
week within 6–8 weeks (≤10 mg/week permitted in patients with 
intolerance) (1). Patients with a worsening of disease requiring 
additional or amended therapy during the treatment period were 
discontinued from study participation. Only patients who were 
receiving abatacept plus MTX or MTX alone and who had avail-
able MRI data were included in the current post hoc analysis. 
The abatacept monotherapy arm was not powered for efficacy 
analyses in AVERT, and as such these patients were not included 
in the current analyses.

The AVERT study was conducted in accordance with good 
clinical practice and the Declaration of Helsinki. All patients pro-
vided written informed consent. The protocol and amendments 
were approved by the appropriate institutional review boards/
independent ethics committees at each site. Bristol  Myers Squibb 
(the sponsor) provided the study drug, designed the study, con-
ducted the study in collaboration with the principal investigators, 
collected the data, monitored the conduct of the study, and 
performed statistical analyses, including the post hoc analyses 
reported here.

MRI assessments. Contrast- enhanced 1.5T MRI of met-
acarpophalangeal joints 1–5 of the patient’s most clinically 
active hand and wrist, based on clinical assessment of synovi-
tis, was performed at baseline, 6 months, and 12 months (13). 
The same hand and wrist were imaged at each assessment. 
MRI inflammation was scored using the Outcome Measures 
in Rheumatology Rheumatoid Arthritis Magnetic Resonance 
Imaging Scoring (RAMRIS) method (14) by 2 independent cen-
tral readers who were blinded to treatment arm and using a 
randomized order of time points. The scores of both asses-
sors were averaged, and the top 5% of discrepancies for total 
change in score relative to baseline were adjudicated by con-
sensus review. Only scans from baseline and 12 months were 
used in this analysis.

SIGNIFICANCE & INNOVATIONS
• Among patients with active early rheumatoid arthri-

tis (RA), high levels of objective magnetic resonance 
imaging (MRI)–detected inflammation at baseline 
were indicative of which patients were more like-
ly to achieve clinical remission with treatment with 
abatacept plus methotrexate versus methotrexate.

• Objective identification of inflammation using MRI 
in RA may be added to the several predictive bio-
markers used to aid treatment decisions.
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Post hoc analysis. Patients were stratified into “low” and 
“high” baseline MRI inflammation groups (Figure  1) based on 
previous analyses, which demonstrated that patients with high 
baseline MRI inflammation had an increased risk of structural 
damage progression compared with those with low baseline 
inflammation (9,15). Inflammation was measured using RAMRIS 
scores. Low inflammation was defined as synovitis ≤3 or osteitis 
≤3 and combined ≤9 (synovitis plus osteitis [double-weighted]), 
and high inflammation was defined as synovitis >3 and osteitis 
>3 or combined >9 (synovitis plus osteitis [double-weighted]). As 
in prior studies, osteitis was double- weighted in quantification of 
inflammation due to a greater ability to predict structural damage 
progression and greater effect on erosion development versus 
synovitis (9,15).

Disease activity at 12 months was compared between the 
abatacept plus MTX and MTX treatment groups within the high 
and low baseline MRI inflammation subgroups. Patients were 
assessed using the following measures: Simplified Disease  Activity 

Index (SDAI) remission (≤3.3), Clinical Disease Activity Index 
(CDAI) remission (≤2.8), Boolean remission (tender joint count ≤1, 
swollen joint count ≤1, CRP level ≤1 mg/dl, and patient’s global 
assessment of disease activity ≤1 [visual analog scale, range 0–10 
cm]), and DAS28- CRP <2.6.

Statistical analyses. Post hoc analyses were carried out 
using the intent- to- treat population, which included all patients 
who received at least 1 dose of the study drug. Only patients 
receiving abatacept plus MTX or MTX alone with available MRI 
results were included in the current post hoc analysis. Outcomes 
at 12 months were compared between treatment arms using 
statistical tests: chi- square tests for categorical variables (or 
exact method if there were <5 patients) and Student’s t- tests for 
numerical variables.

RESULTS

Patients. Of the 351 patients enrolled and randomized to 
treatment in the AVERT study, 119 were randomized to receive 
abatacept plus MTX and 116 to receive MTX. Of these 235 
patients, 225 (95.7%) had baseline MRI data available: 114 of 119 
patients (95.8%) in the abatacept plus MTX arm and 111 of 116 
(95.7%) in the MTX arm. Baseline MRI scans were not available for 
10 of 235 patients (4.3%).

Baseline characteristics of the AVERT study have been 
reported previously (1). Briefly, patients had a mean RA symptom 
duration of 0.58 years in the abatacept plus MTX group and 0.50 
years in the MTX group. The patient population had highly inflam-
matory disease: mean tender joint count 14.0 and 12.8, swollen 
joint count 11.2 and 10.7, CRP level 18.1 mg/liter and 17.3 mg/
liter, and mean DAS28- CRP 5.5 and 5.3 in the abatacept plus 
MTX and MTX groups, respectively.

At baseline, 125 of 225 patients (55.6%) were classified as 
having low MRI inflammation, and 100 of 225 (44.4%) as hav-
ing high MRI inflammation (Table 1). A total of 51 of 114 patients 

Figure  1. Contrast- enhanced 1.5T magnetic resonance image 
(MRI) of wrist with low (A) and high (B) MRI- detected inflammation. 
Low MRI inflammation: synovitis ≤3 or osteitis ≤3 and combined ≤9 
(synovitis plus 2x osteitis). High MRI inflammation: synovitis >3 and 
osteitis >3 or combined >9 (synovitis plus 2x osteitis).

Synovitis Osteitis Combined

2 0 2

Synovitis Osteitis Combined

8 7 22

A B

Table 1. Baseline magnetic resonance imaging (MRI) inflammation and disease activity measures by baseline MRI 
inflammation status and by treatment group*

Low MRI inflammation High MRI inflammation

Abatacept plus 
MTX 

(n = 63)
MTX 

(n = 62)

Abatacept plus 
MTX 

(n = 51)
MTX 

(n = 49)
MRI- detected inflammation measures

Synovitis 2.6 ± 2.0 3.1 ± 2.4 9.2 ± 3.6 9.3 ± 3.6
Osteitis 0.3 ± 0.6 0.2 ± 0.5 10.0 ± 9.7 10.7 ± 9.8
Combined† 3.1 ± 2.4 3.5 ± 2.7 29.3 ± 21.3 30.7 ± 21.3

Disease activity measures
SDAI 39.9 ± 17.4 43.5 ± 24.6 76.9 ± 44.9 61.1 ± 35.2
CDAI 34.0 ± 14.7 32.1 ± 15.0 43.4 ± 16.2 37.7 ± 18.1
DAS28- CRP 5.1 ± 1.1 5.0 ± 1.3 6.2 ± 1.2 5.6 ± 1.4

* Values are the mean ± SD. MTX = methotrexate; SDAI = Simplified Disease Activity Index; CDAI = Clinical Disease Activity 
Index; DAS28- CRP = Disease Activity Score in 28 joints using the C- reactive protein level. 
† Osteitis double weighted. 
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(44.7%) in the abatacept plus MTX arm and 49 of 111 patients 
(44.1%) in the MTX arm were classified as having high MRI inflam-

mation at baseline.

Post hoc analyses. Baseline. Among patients with high 
MRI inflammation at baseline, the mean ± SD combined inflam-
mation measure was 29.3 ± 21.3 in the abatacept plus MTX 
group and 30.7 ± 21.3 in the MTX group. Among patients with 
low MRI inflammation at baseline, the mean ± SD combined in-
flammation measure was 3.1 ± 2.4 for patients in the abatacept 
plus MTX group and 3.5 ± 2.7 for patients in the MTX group. All 
disease activity scores (SDAI, CDAI, and DAS28- CRP) were nu-
merically higher in patients with high MRI inflammation at base-
line versus those with low inflammation (Table 1).

12 months. Among patients with high MRI inflammation 
at baseline, the proportion of patients that achieved remis-
sion was significantly greater in the abatacept plus MTX group  
than in the MTX group for SDAI (45.1% versus 16.3%; P =  
0.0022), CDAI (47.1% versus 20.4%; P = 0.0065), and Boolean 
(39.2% versus 16.3%; P = 0.0156) indices. Numerical differ-
ences in the proportions of patients achieving a DAS28- CRP 
score of <2.6 were seen (60.8% versus 40.8%; P = 0.0667)  
(Figure  2). In those with low MRI inflammation at baseline, 
the proportion who achieved remission at month 12 based 
on any of the clinical remission criteria (SDAI, CDAI, Boolean, 
or DAS28- CRP) was numerically, but not significantly, higher  
in the abatacept plus MTX group than in the MTX group  
(Figure 2).

Figure  2. Efficacy outcomes at 12 months by baseline magnetic resonance imaging (MRI) inflammation status and by treatment 
group (post hoc analyses). Proportion of patients with Simplified Disease Activity Index (SDAI) score ≤3.3 (A), Clinical Disease Activity 
Index (CDAI) score ≤2.8 (B), Boolean remission (tender joint count ≤1, swollen joint count ≤1, C- reactive protein [CRP] level ≤1 mg/dl,  
and patient global assessment of disease activity ≤1) (C), and Disease Activity Score in 28 joints using the CRP level (DAS28- CRP) <2.6 (D). For 
low MRI inflammation at baseline, n = 63 for abatacept plus methotrexate (MTX), and n = 62 for MTX. For high MRI inflammation at baseline, 
n = 51 for abatacept plus MTX, and n = 49 for MTX. Normal approximations were used if the number of patients with SDAI score ≤3.3, CDAI 
score ≤2.8, Boolean remission, or DAS28- CRP score <2.6 was ≥5, otherwise an exact method was used. * = P < 0.05 for abatacept plus MTX 
versus MTX; SDAI P = 0.0022, CDAI P = 0.0065, Boolean remission P = 0.0156.
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DISCUSSION

In this post hoc analysis of the AVERT study, patients with 
early RA and a high MRI inflammation status at baseline who 
were treated with abatacept plus MTX were statistically more 
likely to achieve clinical remission than those treated with MTX. 
In contrast, among those with low MRI inflammation at baseline, 
remission rates were numerically, but not significantly, higher in the 
abatacept plus MTX and MTX groups, and no statistically signifi-
cant differences were observed for any outcome measure.

Abatacept in combination with MTX has been shown to be 
significantly more effective in the treatment of RA than MTX, with 
a good safety and tolerability profile (1). To our knowledge, this is 
the first analysis to examine the effects of abatacept treatment 
in combination with MTX in a patient cohort stratified by a poor 
prognostic factor based on objective baseline MRI inflamma-
tion status. Our findings demonstrated that abatacept plus MTX 
was more effective than MTX at inducing remission in patients with 
RA irrespective of baseline levels of MRI inflammation, but that 
the benefit seen with combination therapy was greater in patients 
with higher baseline inflammation than in those with lower base-
line inflammation. Notably, greater differences in the proportions of 
patients achieving remission with abatacept plus MTX versus MTX 
were seen in the group with high MRI inflammation at baseline, a 
feature indicative of poor prognosis. Thus, we speculate that pres-
ence of high MRI inflammation and potentially other poor prog-
nostic factors could be used to risk- stratify patients and determine 
who might derive the greatest benefit from initiation of abatacept 
therapy. However, caution must be exercised during this stratifi-
cation, and MRI inflammation must be considered in the context 
of other biomarkers to prevent suboptimal treatment of patients 
considered to have a better prognosis (patients with low MRI 
inflammation). Although seropositive patients with high objective 
disease activity at baseline are at a greater risk for poor outcomes 
than those without these factors, patients without such factors still 
endure a prognosis that is life altering. Thus, patients considered 
to have a better prognosis should still be treated according to the 
current treatment guidelines, and objective assessment of inflam-
mation in these seronegative patients may enable further patient 
stratification and the selection of appropriate patients for therapy 
escalation.

The current findings are important because biomarkers, such 
as MRI, that may help to determine which individuals are most 
likely to benefit from a particular therapy are of great interest. How-
ever, the high cost of MRI and its accessibility in daily clinical care 
are currently limiting factors in its adoption for use in routine clinical 
practice. The cost of MRI should be considered in the context 
of the costs avoided by preventing prescription of a specific bio-
logic therapy to those patients who would be less likely to benefit 
from them, and furthermore by potentially preventing the conse-
quences of inadequate disease control. The current study used 
a clinical trial cohort and MRI to demonstrate the potential utility 

of objectively measuring inflammation to identify patients who are 
likely to derive benefit from a particular therapy. Translation into 
clinical practice will depend on a variety of factors: the cost of 
MRI in the context of the costs that would be avoided by prevent-
ing prescription of a specific biologic therapy to patients less likely 
to benefit from it (including the management of adverse events); 
assessment of the risks and longer- term benefits associated with 
treating patients with high inflammation with early  intensive  therapy; 
advances in technologies allowing for better routine quantification 
of inflammation; and the increasing use of modern imaging tech-
nologies more suited to routine use than MRI. The current study is 
a first step in understanding how MRI might have value in helping 
to identify these patients. More studies are still required in other 
populations with RA and varying clinical disease activity.

The prognostic and predictive value of MRI has been 
demonstrated in other contexts. For example, in a study of 143 
patients with RA in clinical remission while receiving biologic 
disease- modifying antirheumatic drugs (bDMARDs), MRI was an 
independent predictor of successful tapering. The study demon-
strated that the use of >1 previous bDMARD, male sex, and low 
baseline MRI combined inflammation or combined damage score 
were all independent predictors of successful tapering (7).

The limitations of the current study should be considered. 
These were post hoc analyses, and the AVERT study was not 
designed specifically to answer the questions posed, nor was it 
powered to investigate these questions. In particular, the aba-
tacept monotherapy arm was not powered for efficacy analyses 
in AVERT, and as such these patients were not included in the 
current analyses. Although this study provides a proof of con-
cept, based on the use of MTX and a biologic agent, an approach 
employing the treat- to- target strategy with concomitant tem-
porary glucocorticoids would also provide valuable insights into 
appropriate treatment regimens. While the inclusion of patients 
with only a narrow range of disease activity scores (DAS28- CRP 
≥3.2) allowed MRI inflammation to be assessed independently of 
disease activity, future studies with broader clinical disease activity 
inclusion criteria would be of value. In addition, clinical remission 
was only assessed at a single time point. It is important to consider 
that only the hand and wrist were imaged for each patient rather 
than multiple joints, and misclassification of MRI activity may occur 
to some degree in individuals with oligoarticular and asymmetrical 
disease; however, all MRI predictive validity work has been con-
ducted using the single- hand scanning as performed in this study. 
Further validation of the threshold for high versus low MRI inflam-
mation is required; in particular, analyses in a long- term cohort are 
needed to determine the best weight of osteitis versus synovitis 
to gauge severity of joint inflammation. Finally, tenosynovitis was 
not assessed in this study and may add to the imaging evaluation.

In conclusion, these post hoc analyses of the AVERT study 
showed that patients with early RA and a high level of MRI inflam-
mation at baseline were more likely to achieve clinical remission 
with abatacept plus MTX compared with MTX. MRI as a measure 
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of inflammation can provide added value as an objective assess-
ment of disease to influence clinical decision making and guide 
the more precise use of therapies to treat RA.
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Arthritis, Sleep Health, and Systemic Inflammation 
in Older Men
Soomi Lee,1  Katie L. Stone,2 Christopher G. Engeland,3 Nancy E. Lane,4 and Orfeu M. Buxton5

Objective. To examine the associations of prevalent arthritis with systemic inflammation in older men and to test 
whether sleep health mediates the associations.

Methods. Cross- sectional data came from 2,562 community- dwelling older men (all were age 65 years or older; 
mean age 76 years) in the Osteoporotic Fractures in Men Study who participated in a sleep ancillary study in 2003–
2005. Participants were classified as having osteoarthritis (OA) (24%) or rheumatoid arthritis (RA) (0.7%) based on 
self- reported diagnoses and medication use. We constructed a composite score of multidimensional sleep health 
(i.e., perceived sleep quality, sleepiness, frequency of daytime napping, wake after sleep onset, and sleep duration) 
measured by both self- report and actigraphy. We also created binary indicators of elevated inflammation using  
C- reactive protein (CRP) (>3 mg/liter) and interleukin- 6 (IL- 6) (>1.08 pg/ml) levels. Analyses controlled for age, 
diagnosed sleep disorders, body mass index, smoking status, relevant medication use, and comorbidities.

Results. Older men with OA did not have higher risk of elevated CRP or IL- 6 levels. However, indirect associations 
of OA through sleep health were found. OA was associated with poorer sleep health, which was further associated 
with 16% higher odds of elevated CRP (P < 0.001) and 12% higher odds of elevated IL- 6 (P < 0.01) levels after 
controlling for OA. Older men with RA had higher odds of elevated CRP and IL- 6 levels, but the associations were 
not mediated by sleep health.

Conclusion. Findings suggest that promoting sleep health may help reduce the risk of systemic inflammation in 
older men with OA.

INTRODUCTION

Systemic inflammation is a hallmark of many chronic dis-
eases, such as arthritis (1,2). Arthritis involves painful and dis abled 
joints and is prevalent among older adults (3). Studies report sys-
temic inflammation associated with arthritis and especially with 
rheumatoid arthritis (RA) (4–6). However, less is known about 
potential mechanisms linking arthritis and systemic inflammation in 
older adults who may be particularly vulnerable to systemic inflam-
mation (7). Given that individuals who have arthritis tend to sleep 
poorly (8,9) and that poor sleep is associated with greater risk 
of systemic inflammation even in healthy young and  middle- aged 

adults (10), sleep health may be an important biobehavioral mech-
anism linking arthritis and systemic inflammation in older adults.

Sleep health is a multidimensional construct encompassing 
quantitative and qualitative aspects. This is particularly important 
when examining older adults’ sleep due to age- related changes 
in sleep characteristics (e.g., decreased sleep duration and effi-
ciency) (11). Yet, most studies have focused on testing the effects 
of a sleep disorder or a single sleep deficiency (e.g., short sleep 
duration) on health (12–16), limiting the ability to understand how 
multiple aspects of sleep contribute to health. Emerging literature 
on sleep suggests that sleep health needs to be understood in 
multiple dimensions, such as perceived sleep quality, sleepiness, 
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frequency of daytime napping, amount of wakes after sleep onset, 
and nighttime sleep duration (17,18). For example, an older adult 
who sleeps ≥7 hours per night may still have poor sleep health if 
he/she reports low sleep quality and excessive sleepiness, naps 
during daytimes, and/or wakes frequently after sleep onset. By 
assessing multiple dimensions of sleep via self- report and actig-
raphy, the current study examines how older adults’ sleep health 
plays a role in the link between arthritis and systemic inflamma-
tion measured by C- reactive protein (CRP) and interleukin- 6 (IL- 6) 
levels. Higher levels of circulating CRP are regarded as a valid 
biomarker of systemic inflammation (19), and IL- 6 is a key player 
in systemic inflammation and joint destruction (4).

Elevated CRP and IL- 6 levels may be associated with older 
adults’ chronic arthritis conditions that may trigger poor sleep 
health. Two forms of arthritis are most prevalent in older adults: 
osteoarthritis (OA), a degenerative joint condition, and RA, an 
autoimmune condition. OA and RA are each characterized by joint 
destruction. In both diseases, inflammation is implicated; yet, RA 
is generally associated with more inflammation compared with OA 
(20,21). OA by itself is not a systemic inflammatory disease, and 
studies investigating the relation between OA and systemic mark-
ers of inflammation yield conflicting results (22,23). Subjects with 
OA typically have other chronic diseases and experience associ-
ated pain and sleep problems that may increase the risk of sys-
temic inflammation (24,25). Moreover, clinical evidence shows that 
older adults with OA have the greatest joint pain at the end of the 
day, and such pain may lead to poor sleep at night (26). Thus, 
poor sleep may be a potential mechanism linking OA and systemic 
inflammation. In contrast, subjects with RA usually have the great-
est pain in the morning or upon waking (27,28). This suggests that 
the link between RA and systemic inflammation may not be nec-
essarily through poor sleep. However, some studies report poor 
sleep in patients with RA (8,29,30); thus, the relations between RA, 
sleep health, and systemic inflammation warrant more exploration.

The purpose of the current study was to test the mediat-
ing role of sleep health in the link between arthritis (OA and RA) 
and systemic inflammation (as indicated by CRP and IL- 6 levels) 
in a sample of community- dwelling older men. Based on the 
qualitative differences between OA and RA (20), we had differ-
ent hypotheses regarding the mechanisms of OA and RA lead-
ing to systemic inflammation. We hypothesized that OA would 
be indirectly associated with older men’s higher risks of elevated 
CRP and IL- 6 levels mediated by poorer sleep health (hypothe-
sis 1). We also hypothesized that RA would be directly associ-
ated with older men’s higher risks of elevated CRP and IL- 6 levels 
(hypothesis 2a). We further tested whether the associations would 
be mediated by poorer sleep health (hypothesis 2b).

MATERIALS AND METHODS

Participants. Data came from the Osteoporotic Frac-
tures in Men Study (MrOS) (http://mrosd ata.sfcc-cpmc.net), 
a prospective cohort study of 5,994 men in the US who were 
recruited from 2000 to 2002 at 6 geographically dispersed clin-
ical sites (Birmingham, Alabama; Minneapolis, Minnesota; Palo 
Alto, California; the Monongahela Valley near Pittsburgh, Penn-
sylvania; Portland, Oregon; and San Diego, California) (31,32). 
To be eligible, men had to be age ≥65 years, able to walk without 
assistance, and must not have had a bilateral hip replacement. 
We used a subsample from an ancillary sleep study, which was 
conducted at the 6 clinical centers between December 2003 and 
March 2005 and included 3,135 participants (33). For the sleep 
study, men were excluded if they regularly used positive pres-
sure or oral appliances during sleep for treatment of sleep apnea 
or used overnight nocturnal oxygen therapy (n = 150). Other 
reasons for nonparticipation were as follows: death between 
baseline and the sleep visit (n = 349), terminated study partic-
ipation (n = 39), declined sleep study (n = 1,997), or because 
the MrOS sleep study recruitment goals had already been met 
prior to enrollment in the sleep study and eligible subjects were 
not invited to participate in the substudy (n = 324) (33). Inflam-
matory marker assays were measured from serum collected at 
the sleep visit in 2,562 men, which comprised the final analytic 
sample of this study.

Procedure. Participants completed questionnaires provid-
ing information on sociodemographics, chronic diseases, smok-
ing status, perceived sleep quality and sleepiness, and medication 
use. Participants were asked to wear actigraphs on the non-
dominant wrist for a minimum of 5 consecutive 24- hour periods; 
devices were removed only for bathing or during water sports. 
Action W- 2 software (Ambulatory Monitoring) was used to score 
actigraphy data, and details of the scoring algorithms used have 
been published previously (34). Interscorer reliability for the scoring 
of these data has been previously found to be high in our sample 
(intraclass coefficient = 0.95) (34). Blood samples were collected 

SIGNIFICANCE & INNOVATIONS
• In a large cohort of community-dwelling older men

(age ≥65 years), having osteoarthritis (OA) was as-
sociated with experiencing poor sleep health, and 
poor sleep health was further associated with hav-
ing higher risk of elevated C-reactive protein (CRP) 
and interleukin-6 (IL-6) levels.

• Having rheumatoid arthritis (RA) was directly asso-
ciated with having higher risk of elevated CRP and 
IL-6 levels. This association was not mediated by 
poor sleep health after accounting for a wide array 
of relevant medications and comorbidities.

• This study reveals different potential mechanisms
by which OA and RA may increase risk for systemic 
inflammation.

• Promoting sleep health in men with OA may help
reduce the risk of systemic inflammation.

http://mrosdata.sfcc-cpmc.net
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during morning clinic visits after an overnight fast, and serum 
samples were frozen at –80°C until assays were performed. The 
institutional review boards at each clinic site approved the study, 
and written informed consent was obtained from all participants.

Measures. Arthritis (predictors). We asked participants 
whether they ever had OA or RA. Responses were coded as 
yes (1) or no (0). For RA, 205 men responded that they ever had 
the condition. Considering that many older adults believe that 
they have RA even when they actually do not (35), we verified 
their medication list. Of 205 men, only 18 men took medica-
tions specific to RA and thus were considered as having RA in 
our analyses. Those medications used to determine RA status 
were prednisone and oral disease remissive agents or disease- 
modifying antirheumatic drugs, including methotrexate, hydroxy-
chloroquine, plaquenil, leflunomide, and/or biologic anticytokine 
therapies, including anti–tumor necrosis factor antibodies, and 
anti–interleukin- 6 antibodies. Participants were asked to bring 
all medications they took within the previous month to the clin-
ic during the sleep visit. Each medication was matched to its 
ingredient(s) based on the Iowa Drug Information Service Drug 
Vocabulary (College of Pharmacy, University of Iowa).

Systemic inflammatory markers (outcomes). All assays were 
performed at the Johns Hopkins University Clinical Research 
Unit Core Laboratory. CRP level was measured using enzyme- 
linked immunosorbent assays (ALPCO). This assay utilizes a 
sandwich enzyme immunoassay, in which plate wells are coated 
with polyclonal antibodies to CRP. The interassay coefficients of 
variation (CVs) ranged from 11.6% to 13.8%. IL- 6 was assayed 
using the Human ProInflammatory I 4- Plex Ultra- Sensitive Kit 
(Meso Diagnostics). The sensitivity of the assay was 0.22 pg/ml, 
and the interassay CVs ranged from 2.0% to 9.9%. We created 
binary indicators of elevated CRP levels (>3 mg/liter), following 
a clinical cutoff that has been related to higher risk of cardiovas-
cular disease (36) (26% of the sample), and IL- 6 (>1.08 pg/ml), 
calculated from the sample median (33).

Sleep health (mediators). Five key dimensions of sleep health 
were assessed via self- report and actigraphy following previ-
ously suggested criteria (17,18). First, self- reported sleep qual-
ity was measured by the Pittsburgh Sleep Quality Index (PSQI) 
(range 0–21) (37). Second, self- reported sleepiness was mea-
sured by the Epworth Sleepiness Scale (ESS) (range 0–24) (38). 
Third, actigraphy- assessed daytime napping was measured as 
weekly frequency. A nap was defined as out- of- bed sleep for 
5 consecutive minutes or more. Fourth, actigraphy- assessed 
wake after sleep onset was measured in minutes per night. Fol-
lowing previous studies (39,40), we used total amount of wakes 
in bed (after sleep onset) per night and calculated a weekly av-
erage for each participant. Last, actigraphy- assessed nighttime 
sleep duration was measured in minutes per night. Using previ-
ously used standard cutoff points (33), we created binary indica-
tors of poor sleep quality (PSQI >5), excessive sleepiness (ESS 

>10), frequent daytime napping (≥2 times/week), long wake after 
sleep onset (≥90 minutes/night), and short nighttime sleep du-
ration (≤6 hours/night). We summed the scores of these binary 
indicators (0 = not having the condition, 1 = having the condition) 
to construct a composite score of sleep health such that higher 
scores represented poorer sleep health (range 0–5).

Covariates. We controlled for age (in years, centered at the 
sample mean), any diagnosed sleep disorders (1 = yes, 0 = no), 
body mass index (BMI) (kg/m2), current smoking status (1 = yes, 
0 = no), and medication use. Given that the majority of partici-
pants were white (>91%), we did not control for race/ethnicity. 
Medications that were previously considered to potentially affect 
levels of inflammatory markers and sleep (26) were entered as 
covariates, including: antidepressants, benzodiazepines, seda-
tives/hypnotics, other medications used for sleep, nonsteroidal 
antiinflammatory drugs (NSAIDs), and corticosteroids. We in-
cluded binary indicators of each medication (1 = taking, 0 = not 
taking). In addition, we took into account comorbidities defined 
as having ≥2 chronic diseases in 19 conditions,  including OA, 
RA, osteoporosis, prostatitis, asthma, diabetes mellitus, chronic 
bronchitis, chronic obstructive pulmonary disease/emphysema, 
glaucoma, high or low thyroid, liver disease, Parkinson’s disease, 
kidney disease, hypertension, congestive heart failure, heart at-
tack, stroke, and angina or chest pain (1 = yes, 0 = no). For ex-
ample, in our sample, 4 participants had both OA and RA; they 
were coded as having comorbidities.

Statistical analysis. We used the PROCESS macro for 
SAS to test the indirect association of X (predictor; arthritis) with Y 
(outcome; systemic inflammation) mediated by M (mediator; sleep 
health) based on the bootstrapping method (41). This method 
shares similarities to more traditional causal step mediation 
approaches, such as Baron and Kenny’s approach, but it has sev-
eral advantages. First, it allows for simultaneous testing between 
X and Y, X and M, and M and Y in a single analytic step, which 
can inform a more comprehensive understanding of the rela-
tions between the variables. The traditional causal step approach 
is based on individual hypothesis tests involving X→M (a), M→Y 
(b), and X→Y (c), where the ability to claim M as a mediator is 
contingent on the significance of the 3 paths. Unlike the tradi-
tional mediation approach, our method allows for the estimation 
of the indirect association, based on a × b, not based on individ-
ual hypothesis testing, and even without the total association of 
X with Y (42,43). Moreover, the bootstrapping method produces 
a bias- corrected confidence interval for the indirect association. 
The bootstrapping method is especially useful when the true 
distribution of a behavior is not known because it generates an 
empirically derived representation of the sampling distribution by 
repeated resampling based on the original sample. This empirical 
representation is used for the construction of a robust confidence 
interval (41). In all models, we set the number of bootstrap sam-
ples to 10,000. In the tables, B indicates beta coefficients pre-
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dicting the continuous variable of sleep health. Exp(B) indicates 
exponentiated betas (odds ratios) predicting binary indicators of 
elevated systemic inflammation.

RESULTS

Table 1 shows descriptive statistics by arthritis conditions. 
In our sample of 2,562 men, 24% of participants reported that 
they ever had OA; among 8% of participants (n = 205) who 
reported they ever had RA, 0.7% (n = 18) were actually on RA- 
specific medications. These numbers were similar to the national 
prevalence rates (44,45). The mean ± SD age was 76 ± 5.5 
years, with no difference by arthritis status. Participants with OA 
were more likely to have diagnosed sleep disorders (P < 0.001), 
take antidepressants (P < 0.001), benzodiazepines (P < 0.001), 
sleep medications (P < 0.01), NSAIDs (P < 0.001), and corti-
costeroids (P < 0.01), and have comorbidities (P < 0.001) com-
pared to those without OA. Those with RA were more likely to 
be taking corticosteroids (P < 0.001) compared to those without 
RA. All these demographic and medical characteristics were 
included as covariates in subsequent models. The percentage 
of older men who had elevated CRP and IL- 6 levels did not differ 
by OA status but differed by RA status such that those with RA 
were more likely to exhibit both elevated CRP and IL- 6 levels 
than those without RA (see Supplementary Table 1, available on 

the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23923/abstract, for continuous levels of 
CRP and IL-6 by OA and RA conditions). In terms of sleep health 
dimensions, participants with OA were more likely to report poor 
sleep quality (P < 0.001) and excessive sleepiness (P < 0.05) 
than those without OA; participants with RA were more likely to 
report excessive sleepiness (P < 0.01) than those without RA. 
Combining these multiple dimensions of sleep health, partici-
pants with OA (but not RA) exhibited poorer sleep health com-
posite scores (P < 0.001) than those without OA. Results were 
similar when we compared subjects with OA or RA to those who 
had neither OA nor RA (n = 1,924, 75%) except for 1 differ-
ence: more RA subjects used NSAIDs (39%) than arthritis- free 

subjects (15%; P < 0.01).
Table 2 presents results from mediation models examining 

the associations of OA with elevated CRP and IL- 6 levels through 
sleep health. Older men with OA exhibited poorer sleep health 
than those without OA (P < 0.05) even after controlling for age, 
diagnosed sleep disorders, BMI, smoking, and treatment with 
antidepressants and sleep medications. Poorer sleep health was 
further associated with 16% higher odds of elevated CRP level 
(P < 0.001) after controlling for OA and significant covariates such 
as BMI, smoking, and treatment with benzodiazepines, corticos-
teroids, and sleep medications. Poorer sleep health was also 
associated with 12% higher risk of elevated IL- 6 (P < 0.01) after 

Table 1. Descriptive statistics by history of arthritis (n = 2,562 older men)*

Osteoarthritis Rheumatoid arthritis

Ever had 
(24.3%)

Never had 
(75.7%) P†

Ever had 
(0.7%)

Never had 
(99.3%) P†

Covariates
Age, mean ± SD years 76.19 ± 5.49 76.41 ± 5.51 NS 78.83 ± 6.48 76.34 ± 5.49 NS
Have any diagnosed sleep disorders (yes) 12 8 <0.001 6 9 NS
BMI, mean ± SD kg/m2 27.39 ± 3.83 27.08 ± 3.74 NS 26.01 ± 2.55 27.16 ± 3.77 NS
Smoking status (yes) 1 2 NS 0 2 NS
Antidepressants (taking) 12 7 <0.001 17 8 NS
Benzodiazepines (taking) 8 4 <0.001 6 5 NS
Sedatives/hypnotics (taking) 3 2 NS 6 2 NS
Sleep medications (taking) 15 11 <0.01 6 12 NS
Nonsteroidal antiinflammatory drugs (taking) 40 15 <0.001 39 21 NS
Corticosteroids (taking) 12 8 <0.01 78 9 <0.001
Comorbidities (yes vs. no)‡ 37 12 <0.001 11 18 NS

Systemic inflammation 
Elevated CRP (>3 mg/liter) 25 26 NS 67 26 <0.001
Elevated IL- 6 (>1.08 pg/mL) 51 50 NS 89 50 <0.001

Sleep health
Poor sleep quality (PSQI score >5) 53 41 <0.001 33 44 NS
Excessive sleepiness (ESS score >10) 15 11 <0.05 33 12 <0.01
Actigraphy long WASO (≥90 minutes/night) 34 31 NS 22 31 NS
Actigraphy short sleep duration (≤6 hours/night) 34 30 NS 39 31 NS
Actigraphy frequent napping (≥2 times/week) 47 47 NS 56 47 NS
Composite sleep health score, mean ± SD§ 1.83 ± 1.22 1.60 ± 1.17 <0.001 1.83 ± 1.29 1.66 ± 1.19 NS

* Values are the percentage unless indicated otherwise. NS = not significant (P ≥ 0.05); BMI = body mass index; CRP = C- reactive protein; IL- 6 = 
interleukin- 6; PSQI = Pittsburgh Sleep Quality Index; ESS = Epworth Sleepiness Scale; WASO = wake after sleep onset. 
† Difference tests compared those who ever had each arthritis condition (either osteoarthritis or rheumatoid arthritis) to those without the 
condition. 
‡ Comorbidities were defined as having ≥2 diseases in 19 conditions, including osteoarthritis and rheumatoid arthritis. 
§ Range 0 to 5 (5 = poorer sleep health). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23923/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23923/abstract
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controlling for OA and covariates. Older age, higher BMI, smok-
ing, and using corticosteroids each significantly predicted higher 
risk of elevated IL- 6. Before including sleep health in the model, 
there were no significant associations of OA with either CRP or 
IL- 6 levels (Figure 1). However, when we considered sleep health, 
the whole model revealed significant indirect associations of OA 
with higher risks of elevated CRP and IL- 6 levels through sleep 
health as follows: indirect association for predicting higher CRP 
level: B ± SE 0.0202 ± 0.0104 (95% confidence interval [95% CI] 
0.0048, 0.0471) and for predicting higher IL- 6: B ± SE 0.0153 ±  
0.0086 (95% CI 0.0031, 0.0380). Thus, hypothesis 1 was sup-
ported.

Table 3 presents results from mediation models examining 
the associations of RA with elevated CRP and IL- 6 levels medi-

ated by sleep health. Older men with RA did not exhibit poorer 
sleep health than those without RA. However, poorer sleep 
health was associated with 15% higher risk of elevated CRP level 
(P < 0.001) and 12% higher risk of elevated IL- 6 (P < 0.01). Before 
including sleep health in the model, there were significant direct 
associations of RA with CRP level (P < 0.01) and IL- 6 (P < 0.05), 
but the associations were not mediated by sleep health (Figure 2). 
Thus, hypothesis 2a was supported, but hypothesis 2b was not 
supported.

We conducted supplementary analyses using continu-
ous measures of CRP and IL- 6 levels. Results were consistent with 
those from binary models. Older men with OA had poorer sleep 
health (B ± SE 0.14 ± 0.06; P < 0.05). In turn, poorer sleep health 
was associated with higher levels of CRP (B ± SE 0.33 ± 0.09; 

Table 2. Results of the cross- sectional mediation model examining the mediating role of sleep health in the link between the history of 
osteoarthritis (OA) and the risks of elevated C- reactive protein (CRP) and interleukin- 6 (IL- 6) levels (n = 2,562 older men)*

M, sleep health† Y1, risk of elevated CRP‡ Y2, risk of elevated IL- 6§

B (95% CI) P Exp(B) (95% CI) P Exp(B) (95% CI) P
Intercept –0.17 (–0.23, –0.11) <0.001 0.33 (0.29, 0.37) <0.001 0.96 (0.86, 1.07) –
X: OA (have vs. never had) 0.14 (0.03, 0.25) <0.05 0.83 (0.66, 1.04) – 1.02 (0.83, 1.25) –
M: Sleep health – – 1.16 (1.07, 1.25) <0.001 1.12 (1.04, 1.20) <0.01
Age, years 0.02 (0.02, 0.03) <0.001 1.01 (1.00, 1.03) – 1.08 (1.06, 1.10) <0.001
Have any diagnosed sleep disorders (yes 

vs. no)
0.40 (0.24, 0.57) <0.001 0.99 (0.72, 1.37) – 1.01 (0.75, 1.35) –

BMI, kg/m2 0.07 (0.05, 0.08) <0.001 1.08 (1.05, 1.11) <0.001 1.11 (1.08, 1.13) <0.001
Smoking status (yes vs. no) 0.49 (0.17, 0.81) <0.01 2.66 (1.49, 4.73) <0.001 2.56 (1.4, 4.69) <0.01
Antidepressants (taking vs. not taking) 0.26 (0.09, 0.43) <0.01 1.20 (0.85, 1.67) – 1.04 (0.76, 1.42) –
Benzodiazepines (taking vs. not taking) 0.11 (–0.12, 0.34) – 2.05 (1.31, 3.20) <0.01 1.12 (0.73, 1.71) –
Sedatives/hypnotics (taking vs. not 

taking)
0.20 (–0.14, 0.53) – 0.91 (0.44, 1.91) – 0.74 (0.4, 1.38) –

Sleep medications (taking vs. not taking) 0.27 (0.11, 0.44) <0.01 0.66 (0.47, 0.95) <0.05 0.93 (0.69, 1.27) –
NSAIDs (taking vs. not taking) 0.10 (–0.01, 0.21) <0.10 0.99 (0.79, 1.25) – 0.83 (0.67, 1.01) <0.10
Corticosteroids (taking vs. not taking) 0.11 (–0.04, 0.26) – 1.54 (1.15, 2.07) <0.01 1.93 (1.45, 2.59) <0.001
Comorbidities (yes vs. no)¶ 0.003 (–0.12, 0.12) – 1.16 (0.91, 1.48) – 1.05 (0.84, 1.30) –

* A total of 2,560 observations were used due to missing values in the variables. M = mediator; Y = outcome; 95% CI = 95% confidence interval;
X = predictor; BMI = body mass index; NSAIDs = nonsteroidal antiinflammatory drugs. 
† Range 0 to 5 (5 = poorer sleep health). R2 = 0.09. F = 20.97, P < 0.001. 
‡ –2LL = 2,834.58. Model LL = 100.31. 
§ –2LL = 3,344.10. Model LL = 204.81. 
¶ Comorbidities were defined by having ≥2 diseases in 19 conditions, including OA and rheumatoid arthritis. 

Figure 1. Pathways linking the associations of osteoarthritis with elevated systemic inflammation through sleep health (n = 2,562 older men). 
C-reactive protein (CRP) and interleukin-6 (IL-6) levels were modeled separately. Analyses adjusted for covariates. Broken lines indicate nonsignificant 
paths. B represents beta coefficients predicting the continuous variable of sleep health. Exp(B) represents exponentiated betas (odds ratios) predicting 
binary indicators of elevated systemic inflammation. 95% CI = 95% confidence interval; * = P < 0.05; ** = P < 0.01; *** = P < 0.001.



LEE ET AL 970       |

P < 0.001) and IL- 6 (B ± SE 0.38 ± 0.12; P < 0.01). Older men with 
RA exhibited higher levels of CRP (B ± SE 2.71 ± 1.27; P < 0.05) 
and IL- 6 (B ± SE 5.04 ± 1.64; P < 0.01), but these associations 
were not mediated by sleep health. These associations also held 
after removing potential outliers of CRP level (>10 mg/liter; clin-
ical cut point) and IL- 6 (>4.3 pg/ml; 5th percentile). In addition, 
for the RA–inflammation association, we repeated our analyses 
with a larger sample of men (n = 205) who reported that they 
have ever had RA. The results were consistent with those based 
on a smaller sample (18 men with RA). Older men who reported 
that they ever had RA had higher odds of elevated CRP and IL- 6 
levels than those who never had RA, but the associations were 
not mediated by sleep health.

DISCUSSION

In a cohort of community- dwelling older men, we found that 
having OA was indirectly associated with higher risk of systemic 
inflammation through poorer sleep health. Conversely, RA was 
directly associated with higher risks of systemic inflammatory mark-
ers (CRP and IL- 6 levels), but the associations were not mediated 
by poorer sleep health. Although both OA and RA are chronic dis-
eases characterized by joint destruction and inflammation, qual-
itative differences between them (20) might have resulted in the 
different pathways leading to systemic inflammation.

Our results showed that individuals with OA did not exhibit 
a higher risk of systemic inflammation before we statistically 

Table 3. Results of the cross- sectional mediation model examining the mediating role of sleep health in the link between the history of 
rheumatoid arthritis (RA) and the risks of elevated C- reactive protein (CRP) and interleukin- 6 (IL- 6) (n = 2,562 older men)*

M, sleep health† Y1, risk of elevated CRP‡ Y2, risk of elevated IL- 6§

B (95% CI) P Exp(B) (95% CI) P Exp(B) (95% CI) P
Intercept –0.16 (–0.21, –0.10) <0.001 0.32 (0.28, 0.36) <0.001 0.96 (0.86, 1.07) –
X: RA (have vs. never had) 0.10 (–0.44, 0.64) – 5.10 (1.84, 14.03) <0.01 5.81 (1.29, 26.12) <0.05
M: Sleep health – – 1.15 (1.07, 1.25) <0.001 1.12 (1.04, 1.20) <0.01
Age, years 0.02 (0.02, 0.03) <0.001 1.01 (0.99, 1.03) – 1.08 (1.06, 1.10) <0.001
Have any diagnosed sleep disorders 

(yes vs. no)
0.41 (0.25, 0.57) <0.001 0.99 (0.72, 1.38) – 1.01 (0.75, 1.36) –

BMI, kg/m2 0.07 (0.05, 0.08) <0.001 1.08 (1.06, 1.11) <0.001 1.11 (1.08, 1.13) <0.001
Smoking status (yes vs. no) 0.49 (0.17, 0.81) <0.01 2.69 (1.51, 4.79) <0.001 2.56 (1.40, 4.71) <0.01
Antidepressants (taking vs. not taking) 0.27 (0.10, 0.44) <0.01 1.16 (0.83, 1.63) – 1.04 (0.76, 1.42) –
Benzodiazepines (taking vs. not taking) 0.13 (–0.11, 0.36) – 1.99 (1.28, 3.11) <0.01 1.12 (0.73, 1.71) –
Sedatives/hypnotics (taking vs. not 

taking)
0.21 (–0.13, 0.54) – 0.87 (0.41, 1.82) – 0.73 (0.39, 1.36) –

Sleep medications (taking vs. not taking) 0.27 (0.10, 0.43) <0.01 0.69 (0.48, 0.98) <0.05 0.95 (0.70, 1.29) –
NSAIDs (taking vs. not taking) 0.14 (0.03, 0.25) <0.05 0.93 (0.75, 1.16) – 0.82 (0.67, 1.00) <0.10
Corticosteroids (taking vs. not taking) 0.11 (–0.05, 0.27) – 1.38 (1.02, 1.86) <0.05 1.80 (1.35, 2.43) <0.001
Comorbidities (yes vs. no)¶ 0.04 (–0.07, 0.16) – 1.11 (0.88, 1.40) – 1.06 (0.86, 1.31) –

* A total of 2,560 observations were used in the models predicting CRP and IL- 6 levels, respectively, due to missing values in the variables.
M = mediator; Y = outcome; 95% CI = 95% confidence interval; X = predictor; BMI = body mass index; NSAIDs = nonsteroidal antiinflammatory drugs. 
† Range 0 to 5 (5 = poorer sleep health). R2 = 0.09. F = 20.41, P < 0.001. 
‡ –2LL = 2,827.24. Model LL = 108.25. 
§ –2LL = 3,337.99. Model LL = 212.31. 
¶ Comorbidities were defined by having ≥2 diseases in 19 conditions, including osteoarthritis and RA. 

Figure 2. Pathways linking the associations of rheumatoid arthritis with elevated systemic inflammation through sleep health (n = 2,562 older 
men). C-reactive protein (CRP) and interleukin-6 (IL-6) levels were modeled separately. Analyses adjusted for covariates. Broken lines indicate 
nonsignificant paths. Exp(B) represents exponentiated betas (odds ratios) predicting binary indicators of elevated systemic inflammation. 95% 
CI = 95% confidence interval; * = P < 0.05; ** = P < 0.01; *** = P < 0.001.
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accounted for their sleep health. However, individuals with OA 
did have poorer sleep health, and poorer sleep health in OA sub-
jects was associated with increased risks of elevated CRP and 
IL- 6 levels. Previous studies examining the relation between OA 
and systemic markers of inflammation have reported inconsis-
tent results where some found significant associations and others 
did not (22,23). The current study reveals the indirect pathway 
from OA to systemic inflammation through poorer sleep health, 
which may explain the inconsistency in previous results. Previous 
studies also have observed sleep disturbances in subjects with 
OA (24,25,46). The current study extends this line of work with a 
new finding that poor sleep health in OA subjects is further asso-
ciated with elevated risk of systemic inflammation. Given that OA 
is more likely to involve joint pain at the end of the day (26), per-
haps more nighttime pain contributed to poorer sleep health in 
those with OA (9,47). It may also be that the link between OA and 
systemic inflammation depends on the severity of and sensitivity 
to pain (9,23,48). We did not, however, assess pain in this study. 
Future studies could examine how specific dimensions of OA pain 
(i.e., sensitivity, severity, and time of pain) may be associated with 
sleep health and systemic inflammation.

This study found significant direct associations of RA with 
higher risks of elevated CRP and IL- 6 levels. The relationship 
between RA and inflammation is not new (4). However, there is rel-
atively little research examining the associations of RA and inflam-
matory markers in a sample of community- dwelling older men 
who may be particularly vulnerable to inflammation. In our sample, 
even among those without a history of RA or OA, one- half had ele-
vated IL- 6 (Table 1). We further tested whether these associations 
were mediated by sleep health, and they were not. Although some 
studies have found RA to be correlated with poor sleep (8,29,30), 
this correlation may be confounded by many factors, including 
fatigue, physical inactivity, obesity, and depression, all of which 
are often observed in subjects with RA (28,29). When controlling 
for some of these confounding factors (e.g., BMI, an extensive 
list of medications) in the current analyses, we found there was 
no direct association between RA and sleep health. We need to 
be cautious, however, in interpreting this null association between 
RA and sleep health because our group size for RA was small 
(n = 18), and thus we might have been underpowered to detect 
this association.

Our findings contribute to the literature on arthritis and treat-
ment by showing that older men with a history of OA may have 
a higher risk of systemic inflammation if they have poorer sleep 
health. As there is a positive feedback loop between inflamma-
tion and joint pain (49), we could expect that promoting sleep 
health may also have a positive influence on patients’ level of daily 
pain. At the clinical level, health care professionals could include 
a brief sleep assessment to identify individuals who have poor 
sleep health, a significant risk factor for systemic inflammation 
found in this study. More research is needed to replicate these 
findings, as well as trials to systematically intervene on sleep to 

potentially augment current arthritis- related pain treatment regi-
mens. Further strengths of this study include a relatively large 
sample of community- dwelling older men who provided serum 
samples of inflammatory markers and the use of objective and 
subjective sleep health measures to test whether the arthritis– 
systemic inflammation association is mediated by multidimen-
sional sleep characteristics. Controlling for a wide array of rele-
vant medications and comorbidities also increases our confidence 
in interpreting these results. Overall, our findings suggest that  
promoting sleep health may have benefits in individuals with OA.

Limitations of this study include relying on self- reported 
history of OA and RA without information on clinical diagnoses 
at the time of this study. A close examination of medication 
history for those who reported having RA would lower this con-
cern. Future research that verifies the presence of OA and RA 
via diagnostic measures may yield more clinically meaningful 
results. The prevalence of OA (24%) and RA (0.7%) in this study 
sample was similar to the national statistics (44,45); however, 
a small group size of RA patients may lack statistical power 
to detect the relationship and be prone to Type II error. Thus, 
these results may underestimate the potential adverse asso-
ciation of RA with sleep health. Future research with a large 
sample of RA subjects may overcome this issue. An additional 
limitation is that these data were cross- sectional, and thus we 
cannot determine temporality between arthritis, sleep health, 
and systemic inflammation. Although our statistical analyses 
imply that arthritis is a predictor, sleep health is a mediator, and 
systemic inflammatory markers are outcome variables, causal-
ity can operate in other directions. Last, since this study sam-
ple consisted of older men who were mostly white (>91%), our 
findings may not generalize to younger adults, older women, or 
other ethnic minority groups.

In conclusion, this study found that men with OA have poorer 
sleep health, and this, in turn, was associated with higher risk 
of systemic inflammation. Based on this finding, future interven-
tion studies could test whether promoting sleep health may help 
reduce the risk of systemic inflammation in older men with OA, 
which is the most common cause of disability in later life (50). Men 
with RA also have a higher risk of systemic inflammation, but this 
association was not through poorer sleep health. Future research 
is needed to explore other potential mechanisms linking RA and 
systemic inflammation.
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Different Phenotypes of Osteoarthritis in the Lumbar Spine 
Reflected by Demographic and Clinical Characteristics:  
The Johnston County Osteoarthritis Project
Adam P. Goode,1 Rebecca J. Cleveland,2 Steven Z. George,1 Virginia B. Kraus,3 Todd A. Schwartz,2  
Richard H. Gracely,2 Joanne M. Jordan,2 and Yvonne M. Golightly2

Objective. To determine if associations between demographic and clinical characteristics and appendicular joint 
osteoarthritis (OA) reflect different phenotypes of OA in the lumbar spine.

Methods. Participants were from the Johnston County OA Project. Demographic information consisted of age, 
sex, and race (white and African American), and clinical characteristics consisted of body mass index (BMI), low back 
pain and injury, and knee, hip, and hand OA. Participants were categorized as having spine OA, facet joint OA, both 
spine OA and facet joint OA, or neither spine OA nor facet joint OA (referent group). Multinomial regression models 
were used to determine odds ratios (ORs) and 95% confidence intervals (95% CIs).

Results. Of 1,793 participants, the mean ± SD age was 66.2 ± 10.1 years, and the mean ± SD BMI was 30.7 ± 
6.2. The majority of the participants were women (n = 1,144 [63.8%]), and 31.8% of the participants (n = 570) were 
African American. Eighteen percent of participants had neither spine OA nor facet joint OA, 22.8% had facet joint OA, 
13.2% had spine OA, and 46.0% had both spine OA and facet joint OA. In adjusted analyses, African Americans were 
less likely to have facet joint OA (OR 0.68 [95% CI 0.49–0.95]) or both spine OA and facet joint OA (OR 0.51 [95% CI 
0.37–0.70]). Women were more likely to have facet joint OA (OR 1.71 [95% CI 1.24–2.36]). Having a BMI of ≥30 was 
associated with having facet joint OA (OR 1.76 [95% CI 1.28–2.42]) and both spine OA and facet joint OA (OR 1.85 
[95% CI 1.37–2.51]). Knee OA was associated with all 3 OA groups, while lower back injury was associated only with 
those with spine OA. Participants with hip OA were less likely to have facet joint OA.

Conclusion. Race, sex, BMI, hip OA, and lower back injury may help identify different OA phenotypes in the 
lumbar spine.

INTRODUCTION

Chronic low back pain impacts over 31 million Americans 
at any given time (1), has increased 3- fold in prevalence over a 
10- year period (2), and results in $100–$200 billion per year in 
total US expenditures (3). Chronic low back pain can be due to a 
number of etiologies, including degeneration of the intervertebral 
disc (IVD) and facet joint osteoarthritis (OA). Improved diagnosis 
of these poorly understood etiologies is critically important (4–10). 

While most treatment options for chronic low back pain have min-
imal side effects or harms, some complications do exist (11–13). 
A better understanding of the etiologic process of spine degener-
ation may improve the delivery of interventions to specific lumbar 
spine structures.

OA in the spine has been characterized by the combination 
of mild radiographic disc space narrowing (DSN) (analogous to 
joint space narrowing in an appendicular joint) and at least mild 
radiographic vertebral osteophyte formation (at the same lumbar  
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level) (14,15), based on a radiographic atlas definition (i.e., Kellgren/ 
Lawrence [K/L] scale) (16). This type of definition for OA in the spine 
is commonly referred to as spondylosis. However, the pathophys-
iology of IVD degeneration in the spine as an OA process is con-
troversial (17). This is in part due to anatomic differences that exist 
within the IVD that do not necessarily exhibit the same pathophysi-
ology as OA in the knee, hip, or hand (7). Some consider OA in the 
lumbar spine to be confined to the facet or zygapophyseal joint, 
since this is the only structure in the spine that is classified as a 
synovial joint (i.e., contains articular cartilage, synovial lining, and 
a joint capsule) (18). We have identified differences in biochemical 
biomarker profiles (19) and appendicular joint OA (i.e., knee, hip, 
and hand OA) (7) between IVD degeneration and facet joint OA that 
suggest different pathophysiologic processes may exist between 
these 2 individual radiographic features.

The finding of biochemical differences underlying different 
phenotypes of OA in the lumbar spine leads to the question of 
whether demographic characteristics, appendicular joint OA, and 
clinical characteristics also differ by phenotype. Identifying clinical 
phenotypes (i.e., well- defined and mutually exclusive OA subtypes 
[20]) defined by pathology of different lumbar structures may lead 
to better and more precise intervention approaches for prevent-
ing, diagnosing, or treating OA of the lumbar spine. Identifying 
differences in the aforementioned characteristics across 2 defini-
tions of OA in the lumbar spine may facilitate the identification of 
distinct phenotypes. Therefore, the purposes of this study were 
to describe the demographic information, appendicular joint OA, 
and clinical characteristics across lumbar spine and facet joint OA, 
and to determine if lumbar spine OA phenotypes are identified by 
such characteristics. We hypothesized that phenotypes could be 
identified by these distinct characteristics.

MATERIALS AND METHODS

Participants. Details of the sampling strategy and recruit-
ment methods used for the Johnston County OA Project are 
described elsewhere (7,21). The primary purpose of the Johnston 
County OA Project is to determine the incidence, prevalence, and 
progression of OA. This ongoing, longitudinal study of OA includes 
African American (nearly 30% of the cohort) and white participants 
living in a largely rural county in North Carolina. Civilian, noninsti-
tutionalized residents ages ≥45 years from 6 townships in John-
ston County were enrolled between 1991 and 1998 (n = 3,187 in 
the original cohort), and additional residents were enrolled from 
2003 to 2004 (n = 1,015 in the enrichment cohort). Participants 
in the Johnston County OA Project completed follow- up clinic 
and interview data collection approximately every 5 years. Lum-
bar spine radiographs were added to the Johnston County OA 
Project in 2003. Since spine radiographs were added after the 
first follow- up of the original cohort participants had concluded, 
our cross- sectional data came from participants who received 
their first clinic visit at time point 1 (T1) (2003–2004; n = 1,055, 
including 40 participants who had enrolled in the study at T0 but 
never completed a clinic visit) and from the original cohort partici-
pants returning for their second follow- up (2006–2010; n = 1,088) 
(Figure 1). Since the enrichment cohort aimed to supplement the 
sample for African Americans and younger participants, partici-
pants enrolled during 2003–2004 were younger (mean age 59.3 
years versus 65.8 years) and more likely to be African Amer-
ican (40% versus 28%) than original cohort participants at first 
follow- up (1999–2003); the 2 groups did not differ according to 
sex (22). Since the Johnston County OA Project is a community- 
based observational study, we followed the Strengthening The 
Reporting of Observational Studies in Epidemiology statement 
(23), a 22- item checklist that was developed to ensure accurate 
and complete reporting of observational studies.

Demographic and clinical characteristics. Demo-
graphic data were collected by clinical interview and examination, 
including age and body mass index (BMI) at the time of interview 
(calculated from height measured without shoes and weight mea-
sured with a balance- beam scale), race (white or African Amer-
ican), and sex. Low back symptoms were collected at clinical 
interview by asking participants to answer “yes” or “no” to the 
question “On MOST days do you have pain, aching or stiffness in 
your lower back?”

Radiographic spine evaluation. By protocol, women 
of reproductive age (ages <50 years) were excluded from having 
lumbar spine radiographs. Lateral lumbar spine films were taken 
with the participant lying on his/her left side with the central beam 
centered at the lumbar spine. The Burnett Atlas (24) was used to 
grade lumbar spine radiographic features of facet joint OA, DSN, 
and osteophytes. Facet joint OA was graded as absent or present 

SIGNIFICANCE & INNOVATIONS
• Four subgroups of individuals with osteoarthritis 

(OA) of the lumbar spine were identified, consisting 
of those without any spine OA (i.e., intervertebral 
disc degeneration and vertebral osteophytes) or 
facet joint OA, those with facet joint OA only, those 
with spine OA only, and those with both spine OA 
and facet joint OA.

• African Americans and women were significantly 
less likely to have facet joint OA only. Those with 
spine OA only were more likely to have a history 
of low back injury, while those with low back pain 
were more likely to have both spine OA and facet 
joint OA.

• Knee OA was associated with the 3 groups with 
lumbar spine OA while those with hip OA were less 
likely to have facet joint OA.

• The differences in demographic and clinical charac
teristics found in these analyses may help identify 
different OA phenotypes of the lumbar spine.
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at each lumbar level, while DSN and osteophytes were graded 
in a semiquantitative manner (0 = none, 1 = mild, 2 = moderate, 
and 3 = severe). Osteophytes were assigned for each superior 
and inferior aspect of the anterior face of the lumbar vertebra. All 
lateral lumbar spine radiographs were graded at each lumbar level 
by an experienced single bone and joint radiologist who has been 
the radiologist for the Johnston County OA Project since its incep-
tion. The intrarater reliability of this radiologist has been reported 
previously with a weighted kappa (κW): κW = 0.73 for facet joint OA, 
κW = 0.89 for DSN, and κW = 0.90 for osteophytes (19).

Lumbar spine OA phenotypes. Spine OA was defined 
by the presence of at least mild osteophytes (either superior or 
inferior of the anterior face of the vertebrae) and mild DSN at the 
same level of the lumbar spine for any level of the lumbar spine. 
Facet joint OA was categorized as present and absent at any level 
of the lumbar spine. From these 2 different coding schemes, we 
developed our spine degeneration phenotypes. Participants were 
categorized as having no facet joint OA or spine OA, facet joint 
OA only, spine OA only, or a combination of both facet joint OA 
and spine OA.

Knee, hip, and hand OA. Participants underwent weight- 
bearing posteroanterior knee radiography of both knees with a 
Synaflexer (CCBR- Synarc) positioning device and bilateral hip 
radiography with supine anteroposterior pelvis radiographs. The 
primary reason for a participant not having knee radiographs was 
presence of knee arthroplasty. The primary reason for missing 

hip radiographs was exclusion of this procedure for women of 
reproductive age (ages <50 years). Posteroanterior hand radio-
graphs were obtained with the beam focused on the third meta-
carpophalangeal joint; hand radiographs were graded for 30 hand 
joints bilaterally (the distal interphalangeal, proximal interphalan-
geal, metacarpophalangeal, carpometacarpal, and thumb inter-
phalangeal and metacarpophalangeal joints). All knee, hip, and 
hand radiographs were read for the K/L score (25) by a single 
bone and joint radiologist. Interrater and intrarater reliability have 
been reported previously with a κW of 0.86 and 0.89 for both the 
hip and knee, respectively (26). Hip and knee OA, for these analy-
ses, were defined as a K/L score of 2–4 in at least 1 extremity. 
Hand OA was defined (similar to a previous definition) as at least 
1 extremity with a K/L grade of 2–4 in 1 distal interphalangeal and 
in at least 2 other interphalangeal joints or carpometacarpal joints 
affected across both hands (15).

Statistical analysis. Descriptive statistics were generated 
for the total sample and each potential phenotype in the form 
of mean and SDs or median and interquartile ranges for continu-
ous covariates and counts and proportions for categorical covari-
ates. Analysis of variance was used for continuous variables, and 
chi- square tests were used for categorical variables to determine 
differences among facet joint OA only, spine OA only, or the com-
bination of both facet joint OA and spine OA.

We used multinomial regression to estimate unadjusted and 
adjusted associations between demographic and clinical charac-
teristics and peripheral joint OA, with potential OA in the lumbar 

Figure 1. Selection of participants from the Johnston County Osteoarthritis Project for inclusion in the analyses. † = includes new time point 
1 (T1) enrollees, plus those enrolled at time point 0 (T0) who did not have a clinic assessment until T1; ‡ = original cohort with baseline clinical 
assessment at T0; § = mostly women ages <50 years (65%); T2 = time point 2.

Missing Spine or Facet read
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Baseline Spine x-ray data
N=1920

Missing covariate data
N=127

Analysis dataset for fully adjusted models
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N=1055
T2 Par�cipant‡

N=1088
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spine phenotypes managed as a nominal response variable. This 
regression technique compares each of the response categories 
to the common referent group. Odds ratios (ORs) with corre-
sponding 95% confidence intervals (95% CIs) were the measure 
of association. All analyses were conducted in SAS, version 9.4.  
P values less than 0.05 were considered significant.

RESULTS

Figure  1 shows the selection of participants for inclusion 
in the analyses. Participants who attended study visits during 
2003–2004 (n = 1,055) or 2006–2010 (n = 1,088) were included. 
A higher number of missing lumbar spine radiographs (n = 203) 
were present at the T1 timeframe compared to T2 (n = 20). This 
was primarily due to the higher number of women of childbearing 
age that were excluded by protocol. Of those, a small number 
(n = 127) were missing covariate data, leaving 1,793 with lumbar 
spine radiographs and complete covariate data.

Table  1 describes the demographic and clinical charac-
teristics for the included participants. Of the 1,793 participants 
with complete lumbar spine radiographs, the mean ± SD age 
was 66.2 ± 10.1 years and the mean ± SD BMI was 30.7 ± 6.2. 
A majority (63.8%) of participants (n = 1,144) were women, 
and 31.8% were African American (n = 570). A substantial 
proportion of participants reported the presence of low back 
pain (39.7%), and of those with pain, the pain was moderate in 
17.6% and severe in 9.1% of participants. Self- reported back 
injury was rare (2.3%) among participants. Peripheral joint OA 
was present in the knee for 39.4% of participants, in the hip 
for 32.8%, and in the hand for 30.6% of participants. The dis-
tribution of OA in the spine consisted of 18.0% having neither 
spine OA nor facet joint OA, 22.8% having facet joint OA only, 
13.2% having spine OA only, and 46.0% having both spine OA 

and facet joint OA.
Table 2 shows the groups of OA in the lumbar spine across 

demographic and clinical characteristics. Participants in the nei-
ther spine OA nor facet OA group were significantly younger 
(mean ± SD age 59.6 ± 9.1 years; P < 0.0001) and had a signifi-
cantly lower BMI (mean ± SD 29.5 ± 5.8; P = 0.0002) compared 
to the other potential spine OA phenotype groups. A significantly 
greater proportion of men and African Americans were in the nei-
ther spine OA nor facet joint OA group (P < 0.0001). The distri-
bution of knee OA presence was significantly lower in the neither 
spine OA nor facet joint OA group (P < 0.0001), whereas the distri-
bution was greater in the group that had both spine and facet joint 
OA. A significantly greater proportion of participants with hip OA 
was found in the group that had both spine OA and facet joint OA 
(53.4%; P = 0.0002). Similarly, a significantly greater proportion of 
hand OA was present in the group that had both spine OA and 
facet joint OA (60.5%; P < 0.0001). No significant differences were 
found across any of the groups with the presence or severity of 

low back pain.

Table  3 shows the unadjusted and adjusted associations 
between each demographic and clinical characteristic across 
each category of OA of the spine relative to the group that had 
neither spine OA nor facet joint OA. After adjustment for all other 
demographic and clinical characteristics, strong associations con-
tinued across categories of age, with the strongest associations 
in the group that had both facet joint OA and spine OA. Strong 
significant and similar associations were found between BMI 
scores of ≥30 and the group that had facet joint OA only (OR 1.76 
[95% CI 1.28–2.42]) and the group that had both facet joint OA 
and spine OA (OR 1.85 [95% CI 1.37–2.51]). African Americans 
were 32% less likely to have facet joint OA only (OR 0.68 [95% CI 
0.49–0.95]) and 49% less likely to have both spine OA and facet 

Table 1. Characteristics of participants (n = 1,793 with complete 
lumbar spine radiographs)*

Baseline characteristic Value
Age, mean ± SD years 66.2 ± 10.1
Age, years

<55 268 (14.9)
≥55 to <65 601 (33.5)
≥65 to <75 553 (30.8)
≥75 371 (20.7)

BMI, mean ± SD kg/m2 30.7 ± 6.2
BMI, kg/m2

<25 303 (16.9)
25 to <30 616 (34.4)
≥30 874 (48.7)

Sex
Men 649 (36.2)
Women 1,144 (63.8)

Race
African American 570 (31.8)
White 1,223 (68.2)

Back pain
No back pain 1,082 (60.3)
Has back pain 711 (39.7)

Pain severity
No back pain 1,082 (60.3)
Mild back pain 232 (12.9)
Moderate back pain 315 (17.6)
Severe back pain 164 (9.1)

Back injury
No back injury 1,752 (97.7)
Has had a back injury 41 (2.3)

Spine OA or facet joint OA
No spine OA or no facet joint OA 325 (18.0)
Facet joint OA only 408 (22.8)
Spine OA only 236 (13.2)
Both spine OA and facet joint OA 824 (46.0)

Knee OA
No knee OA 1,087 (60.6)
Has knee OA 706 (39.4)

Hip OA
No hip OA 1,205 (67.2)
Has hip OA 588 (32.8)

Hand OA
No hand OA 1,244 (69.4)
Has hand OA 549 (30.6)

* Values are the number (%) unless indicated otherwise. Restricted to 
those with spine or facet joint osteoarthritis (OA) for whom the data 
and covariates were not missing. BMI = body mass index. 



GOODE ET AL 978       |

joint OA (OR 0.51 [95% CI 0.37–0.70]). Women had 71% higher 
odds of having facet joint OA only (OR 1.71 [95% CI 1.24–2.36]) 
compared to men. Participants reporting a previous back injury 
had a strong significant association with having spine OA only (OR 
3.11 [95% CI 1.09–8.91]). The only significant association with 
low back pain symptoms was found with the group that had both 
facet OA and spine OA (OR 1.35 [95% CI 1.00–1.84]). Similar 
associations were found between radiographic knee OA and the 
groups that had facet joint OA only (OR 1.78 [95% CI 1.23–2.57]) 
and spine OA only (OR 1.79 [95% CI 1.19–2.70]). The association 
between radiographic knee OA and the group that had both spine 
OA and facet joint OA was substantially stronger (OR 2.50 [95% 
CI 1.78–3.52]). There were 31% lower odds of hip OA among the 

group that had facet joint OA only (OR 0.69 [95% CI 0.48–0.98]). 
No significant association was found between low back pain 

severity or hand OA for any of the groups.

DISCUSSION

To our knowledge, this is the first study to determine if demo-
graphic and clinical characteristics have the potential to be used to 
develop phenotypes for lumbar spine and facet joint OA. We iden-
tified a substantial proportion of participants that had radiographic 
evidence of OA isolated to the lumbar spine or the facet joint. Some 
similarities and several variations in the associations between demo-
graphic and clinical characteristics in adjusted models support our 

Table 2. Participant characteristics according to categories of osteoarthritis (OA) in the lumbar spine (n = 1,793)*

Baseline 
characteristics

No facet joint  
OA or spine OA 

(n = 325 [18.0%])

Facet joint  
OA only 

(n = 408 [22.8%])

Spine  
OA only 

(n = 236 [13.2%])

Facet joint OA  
and spine OA  

(n = 824 [46.0%]) P
Age, mean ± SD years 59.6 ± 9.1 65.2 ± 9.6 64.2 ± 9.5 69.8 ± 9.2 <0.0001
Age, years

<55 122 (45.5) 63 (23.5) 38 (14.2) 45 (16.8) <0.0001
≥55 to <65 122 (20.3) 155 (25.8) 92 (15.3) 232 (38.6)
≥65 to <75 58 (10.5) 123 (22.2) 74 (13.4) 298 (53.9)
≥75 23 (6.2) 67 (18.1) 32 (8.6) 249 (67.1)

Baseline
At T1 227 (27.8) 200 (24.4) 117 (14.3) 274 (33.5) <0.0001
At T2 98 (10.1) 208 (21.3) 119 (12.2) 550 (56.4)

BMI, mean ± SD kg/m2 29.5 ± 5.8 31.2 ± 6.4 30.2 ± 6.7 31.0 ± 6.1 0.0002
BMI, kg/m2

<25 74 (24.4) 67 (22.1) 46 (15.2) 116 (38.3) 0.0019
25 to <30 120 (19.5) 126 (20.5) 82 (13.3) 288 (46.8)
≥30 131 (15.0) 215 (24.6) 108 (12.4) 420 (48.1)
Missing 29.5 (5.8) 31.2 (6.4) 30.2 (6.7) 31.0 (6.1) 0.0002

Sex
Men 147 (22.7) 119 (18.3) 91 (14.0) 292 (45.0) <0.0001
Women 178 (15.6) 289 (25.3) 145 (12.7) 532 (46.5)

Race
African American 138 (24.2) 133 (23.3) 93 (16.3) 206 (36.1) <0.0001
White 187 (15.3) 275 (22.5) 143 (11.7) 618 (50.5)

Back pain
No back pain 200 (18.5) 259 (23.9) 133 (12.3) 490 (45.3) 0.2951
Has back pain 125 (17.6) 149 (21.0) 103 (14.5) 334 (47.0)

Pain severity
No back pain 200 (18.5) 259 (23.9) 133 (12.3) 490 (45.3) 0.4358
Mild back pain 38 (16.4) 40 (17.2) 36 (15.5) 118 (50.9)
Moderate back pain 53 (16.8) 72 (22.9) 47 (14.9) 143 (45.4)
Severe back pain 34 (20.7) 37 (22.6) 20 (12.2) 73 (44.5)

Back injury
No back injury 319 (18.2) 400 (22.8) 225 (12.8) 808 (46.1) 0.0762
Has had back injury 6 (14.6) 8 (19.5) 11 (26.8) 16 (39.0)

Knee OA
No knee OA 263 (24.2) 259 (23.8) 154 (14.2) 411 (37.8) <0.0001
Has knee OA 62 (8.8) 149 (21.1) 82 (11.6) 413 (58.5)

Hip OA
No hip OA 235 (19.5) 290 (24.1) 170 (14.1) 510 (42.3) 0.0002
Has hip OA 90 (15.3) 118 (20.1) 66 (11.2) 314 (53.4)

Hand OA
No hand OA 278 (22.3) 294 (23.6) 180 (14.5) 492 (39.5) <0.0001
Has hand OA 47 (8.6) 114 (20.8) 56 (10.2) 332 (60.5)  

* Values are the number (%) unless indicated otherwise. Restricted to those with spine or facet joint OA for whom the data and 
covariates were not missing. T1 = time point 1; T2 = time point 2; BMI = body mass index.  
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hypothesis that groups differing by these radiographic manifesta-
tions may belong to separate clinical phenotypes.

Based on previous biochemical biomarker analyses in the 
Johnston County OA Project, we identified a subset of participants 
(n = 555) with radiographic facet joint OA but without radiographic 
DSN (19). Since much of the previous literature has focused on a 
direct relationship between DSN leading to facet joint OA, this large 
subset suggests a unique finding (27) and supports the suspicion 
that in a subgroup of ~20%, facet joint OA may precede IVD degen-
eration (28). Furthermore, our previous work suggests the potential 
independence of facet joint OA and spine OA in certain individuals 
(7,19). Also, in the present study, a subgroup was identified with-
out any radiographic spine OA or facet joint OA. Considering our 
analyses, on average, involve older adults with a traditionally higher 
prevalence of IVD degeneration and facet joint OA, the finding of a 
group of participants without any radiographic evidence of either 
entity suggests a potential spine OA–resistant phenotype. As sug-
gested by some and supported by this work, similarities may exist 
in the pathophysiology between appendicular joint OA and degen-
eration of the spine (29). However, our work further suggests that 

traditionally defined OA, like that found in the facet joint of the lum-
bar spine (i.e., contains articular cartilage, synovial lining, and a joint 
capsule), may have a different etiologic process than joint space–
defined OA (i.e., disc space narrowing and osteophyte formation).

Interestingly, we identified a strong statistically significant 
association of self- reported history of low back injury only in the 
spine OA group. Although joint injury has certainly been linked to 
OA of the knee, (30,31) to our knowledge, no other studies have 
reported an association between history of lower back injury and 
spine OA. Participants reporting injury to the lower back may have 
experienced a bulge of the IVD, which can be prevalent but asymp-
tomatic in the general population (1). The influence of disc bulge 
on mechanical composition and properties of the disc may lead 
to accelerated IVD degeneration (32). However, the exact mecha-
nisms by which injury may affect the composition and mechanical 
properties of the lumbar spine leading to IVD degeneration can-
not be addressed with the imaging used for this study (i.e., plain 
film radiographs). In addition, our sample size of participants that 
reported previous back injury was small and resulted in an impre-
cise CI. This result should be examined with more precise imaging 

Table  3. Unadjusted and adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) for the association between explanatory 
variables and the categories of osteoarthritis (OA) in the lumbar spine (n =1,793)*

Characteristic

Facet joint OA only 
(n = 408 [22.8%])

Spine OA only 
(n = 236 [13.2%])

Both facet joint OA and spine OA 
(n = 824 [46.0%])

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Unadjusted OR 
(95% CI)

Adjusted OR 
(95% CI)

Age, years
<55 Ref. Ref. Ref. Ref. Ref. Ref.
≥55 to <65 2.46 (1.67–3.62)† 1.84 (1.19–2.84)† 2.42 (1.54–3.81)† 1.83 (1.11–3.03)† 5.16 (3.43–7.74)† 2.99 (1.90–4.72)†
≥65 to <75 4.11 (2.66–6.35)† 3.01 (1.81–4.99)† 4.10 (2.48–6.76)† 3.01 (1.69–5.35)† 13.9 (8.95–21.7)† 7.13 (4.29–11.8)†
≥75 5.64 (3.21–9.90)† 4.07 (2.09–7.90)† 4.47 (2.34–8.54)† 3.10 (1.45–6.62)† 29.4 (17.0–50.7)† 13.3 (6.98–25.2) †

BMI <30 kg/m2 Ref. Ref. Ref. Ref. Ref. Ref.
BMI ≥30 kg/m2 1.65 (1.23–2.22)† 1.76 (1.28–2.42)† 1.25 (0.89–1.75) 1.20 (0.84–1.72) 1.54 (1.19–2.00)† 1.85 (1.37–2.51)†
White Ref. Ref. Ref. Ref. Ref. Ref.
African American 0.66 (0.48–0.89)† 0.68 (0.49–0.95)† 0.88 (0.63–1.24) 0.97 (0.67–1.39) 0.45 (0.34–0.59)† 0.51 (0.37–0.70)†
Men Ref. Ref. Ref. Ref. Ref. Ref.
Women 2.01 (1.48–2.72)† 1.71 (1.24–2.36)† 1.32 (0.94–1.85) 1.16 (0.81–1.65) 1.50 (1.16–1.95)† 1.19 (0.88–1.60)
No back pain Ref. Ref. Ref. Ref. Ref. Ref.
Has back pain 0.92 (0.68–1.24) 1.00 (0.73–1.39) 1.24 (0.88–1.74) 1.38 (0.96–1.99) 1.09 (0.84–1.42) 1.35 (1.00–1.84)†
No back pain Ref. Ref. Ref. Ref. Ref. Ref.
Mild back pain 0.81 (0.50–1.31) 0.86 (0.52–1.42) 1.42 (0.86–2.36) 1.50 (0.89–2.55) 1.27 (0.85–1.89) 1.40 (0.89–2.20)
Moderate/severe 

back pain
0.97 (0.69–1.35) 1.08 (0.75–1.55) 1.16 (0.79–1.70) 1.32 (0.88–1.99) 1.01 (0.75–1.37) 1.33 (0.94–1.87)

No back pain Ref. Ref. Ref. Ref. Ref. Ref.
Mild back pain 0.81 (0.50–1.31) 0.86 (0.52–1.42) 1.42 (0.86–2.36) 1.50 (0.89–2.54) 1.27 (0.85–1.89) 1.40 (0.89–2.20)
Moderate back pain 1.05 (0.70–1.56) 1.12 (0.73–1.72) 1.33 (0.85–2.09) 1.50 (0.94–2.40) 1.10 (0.77–1.57) 1.32 (0.88–1.98)
Severe back pain 0.84 (0.51–1.39) 1.00 (0.59–1.70) 0.88 (0.49–1.60) 1.02 (0.54–1.90) 0.88 (0.56–1.36) 1.36 (0.82–2.24)
No back injury Ref. Ref. Ref. Ref. Ref. Ref.
Has had a back injury 1.06 (0.37–3.10) 1.50 (0.49–4.59) 2.60 (0.95–7.13) 3.11 (1.09–8.91)† 1.05 (0.41–2.71) 1.50 (0.53–4.27)
No knee OA Ref. Ref. Ref. Ref. Ref. Ref.
Has knee OA 2.44 (1.73–3.44)† 1.78 (1.23–2.57)† 2.26 (1.54–3.32)† 1.79 (1.19–2.70) † 4.26 (3.13–5.80)† 2.50 (1.78–3.52)†
No hip OA Ref. Ref. Ref. Ref. Ref. Ref.
Has hip OA 1.06 (0.77–1.47) 0.69 (0.48–0.98)† 1.01 (0.70–1.47) 0.67 (0.45–1.01) 1.61 (1.21–2.13)† 0.74 (0.53–1.03)
No hand OA Ref. Ref. Ref. Ref. Ref. Ref.
Has hand OA 2.29 (1.57–3.34)† 1.16 (0.76–1.77) 1.84 (1.20–2.83)† 1.12 (0.69–1.81) 3.99 (2.84–5.60)† 1.37 (0.92–2.03)

* All explanatory variables simultaneously considered in model. Ref. = referent group (having neither facet joint OA nor spine OA; n = 325 
[18.0%]); BMI = body mass index. 
† Significant. 



GOODE ET AL 980       |

(i.e., magnetic resonance imaging) and in a longitudinal study to 
determine if a history of low back injury is a risk factor for incident 
and/or worsening IVD degeneration.

We identified a significant association between low back pain 
and the group that had facet joint OA and spine OA but not the 
groups that had facet joint OA only or spine OA only. However, the 
strength of association found with the group that had both facet 
joint OA and spine OA group was similar to the spine OA group, 
suggesting that DSN may be the primary contributor to this simi-
larity. Although this has been a topic of discussion in the literature, 
a meta- analysis and studies by our group have identified con-
sistent and significant associations between the individual radio-
graphic feature of DSN and low back pain (4,7,17). In our previous 
work (7), as well as the work of others (8,33), the individual radio-
graphic feature of DSN alone without the presence of osteophytes 
has been commonly used as an indicator of spine degeneration. 
The consistent weak associations between vertebral osteophytes 
and low back pain that have been reported in meta- analyses may 
have attenuated the associations in our current study. For under-
standing etiologies of low back pain, these findings reinforce the 
importance of examining individual radiographic features rather 
than composite definitions of OA in the lumbar spine.

The present study demonstrated that several demographic 
and clinical characteristics and peripheral joint OA variables are 
significantly associated with having facet joint OA only and with 
having the combination of facet joint OA and spine OA, whereas 
no significant associations were found with having spine OA 
only. Although a study by Kalichman et al (34) did not examine 
different spine OA groups, similar to our study, Kalichman and 
colleagues also identified a strong association between BMI and 
having facet joint OA only, but not between BMI and having spine 
OA only. Although BMI has been identified as a strong risk factor 
for knee (35), hip (36), and hand OA (37), our previous work with 
this cohort has demonstrated no association between BMI and 
DSN (7). In fact, the only demographic factor that was significantly 
and strongly associated with spine OA (DSN and not facet joint 
OA) was increasing age. Similar to our previous work (7), African 
Americans were far less likely to have facet joint OA, with a sim-
ilar strength in association to the group that had both facet joint 
OA and spine OA, suggesting that facet joint OA is the primary 
contributing structure to this association. Our previous work (7) 
has found a significant association between facet joint OA and 
knee OA. However, in that study, facet joint OA was not isolated 
and included individuals with DSN. The strong associations found 
in the present study with knee OA and all 3 lumbar spine OA 
groups suggests that some participants may have multisite OA, 
which may be more genetic in nature. We have also reported in 
previous work (7) that hip OA does not seem to follow the same 
etiologic process as spine degeneration. Our current findings fur-
ther support this work in that those with hip OA are far less likely to 
have facet joint OA. These findings strengthen the argument that 
the etiology of spine degeneration may be influenced by different 

demographic and clinical characteristics, some that are similar to 
peripheral joint OA and some that are distinct.

There are several strengths to our study, including a well- defined 
population, large sample size, and protocol- driven approach to data 
collection. However, our study is not without some limitations. The 
primary limitation of this study is its cross- sectional design; thus, 
we could not determine the temporality between demographic and 
clinical characteristics and the onset of spine degeneration. Lateral 
lumbar spine radiographs may not be the optimal image or view for 
facet joint OA, which could lead to nondifferential misclassification 
of facet joint OA status. However, prevalence estimates of facet joint 
OA based on lateral spine radiography (7) are similar to those pre-
viously reported that were based on computed tomography scans 
(38). Per protocol, we excluded women of childbearing age; these 
factors may limit generalizability. We combined 2 unique time points 
of the Johnston County OA Project with known differences in age, 
sex, and race between these time points, which may influence our 
estimates given the differences in associations between sex and 
race with OA of the lumbar spine found in these analyses. However, 
our intent was to capture the first lumbar spine radiograph for a 
participant in the cohort.

In summary, OA in the lumbar spine is a unique process that 
differs between degeneration of the IVD along with osteophyte for-
mation and the OA process found in the facet joint. Collectively, 
these findings suggest the pathophysiologic processes may vary 
across different OA phenotypes in the lumbar spine. Increasing 
associations across categories of age suggest changes over time; 
however, longitudinal studies may elucidate whether those with 
facet joint OA only or spine OA only remain an isolated lumbar 
spine OA phenotype over time. In these analyses, race, sex, BMI, 
hip OA, and history of back injury may inform different OA pheno-
types in the lumbar spine.
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Efficacy of Computer- Based Telephone Counseling on  
Long- Term Adherence to Strength Training in Elderly 
Patients With Knee Osteoarthritis: A Randomized Trial
Kristin Baker,1 Michael P. LaValley,1 Carrie Brown,1 David T. Felson,1 Aileen Ledingham,1 and Julie J. Keysor2

Objective. To determine whether the Boston Overcoming Osteoarthritis through Strength Training Telephone- 
Linked Communication (BOOST- TLC) program, a novel telephone- based, motivational, strength- training exercise- 
adherence counseling intervention, improved adherence to a strength- training exercise program over 2 years.

Methods. Participants were recruited for this 2- year, single- blind, parallel- arm randomized controlled trial from 
knee osteoarthritis patient registries, community newspapers, and online websites in Massachusetts. Eligibility 
criteria included age 50 years or older, painful knee osteoarthritis, and ability to use a telephone. Exclusion criteria 
included medical conditions precluding exercise, inflammatory arthritis, current regular strength training, planned 
knee replacement surgery, dementia, inability to follow exercise instructions, and inability to use the TLC system. 
After participating in a group exercise class, participants were randomized to receiving motivational telephone calls 
through the BOOST- TLC program for 24 months or the control. Both control and intervention participants received 
a monthly automated phone message reminder to continue the program. Exercise adherence was ascertained by a 
single self- report item scored 0–10, where 10 represented complete adherence. Outcomes were evaluated at 6, 12, 
18, and 24 months.

Results. A total of 104 subjects were randomized, and 89 subjects (44 control, 45 TLC) completed the 24- month 
follow- up. There was no significant difference in adherence at 24 months between groups (mean for control group 
4.01 [95% confidence interval (95% CI) 3.03, 4.99], mean for TLC subjects 3.63 [95% CI 2.70, 4.56]; P = 0.57).

Conclusion. In those with knee osteoarthritis who had participated in an exercise program, frequent motivational 
telephone reminders did not increase adherence to strength- training exercise.

INTRODUCTION

Knee osteoarthritis (OA), a chronic and often progressive 
condition, affects ~10% of individuals >55 years of age and is 
a leading cause of disability (1,2). Quadriceps, hamstrings, and 
hip muscle strength is significantly impaired in subjects with knee 
OA with consequential pain and functional mobility limitations (3). 
Resistance strength training is widely recommended as an impor-
tant, if not the most important, nonpharmacologic management 
of knee OA (4–14); yet, <15% of older adults engage in strength- 
training exercise (15).

While strength- training exercise is clearly beneficial in knee 
OA, long- term adherence is a major barrier to widespread use 
and implementation. Long- term adherence to exercise requires 

 sustained behavior change, yet the optimal way to foster long- 
term behavior change for knee OA exercise is not known. Previous 
studies show promising results of the integration of motivational 
models of behavior change to promote the acquisition of exercise 
and physical activity. Social cognitive theory and, more specifically, 
self- efficacy are widely used to promote the acquisition of new 
health behaviors including exercise (16–24). Goal setting, self- 
monitoring skills, and readiness are also predictive of enhanced 
acquisition of exercise behaviors (25–27). If individuals are ready to 
change, then action- oriented messages including goal setting and 
self- monitoring can foster change (27–29). Models such as the 
transtheoretical model (30,31) propose specific stages of behav-
ior change and suggest that messages and supports should be 
tailored to the stage the individual is in to optimize movement from 
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one behavioral stage to the next. However, the literature is highly 
variable, and no gold standard approach is currently known.

Technological advances and eHealth approaches allow 
for exciting opportunities to reach a large population of people 
directly. Technology is useful in linking experts in the community 
to consumers, but to be most effective, evidence- based behav-
ior change approaches need to be integrated into the technol-
ogy and approaches (32,33). Technology is increasingly used 
to support healthy lifestyle behaviors and could allow delivery of 
behaviorally based adherence interventions for extended periods 
of time. Computer- based telephone counseling (i.e., telephone 
linked communication [TLC]), a technology that delivers moti-
vational behavioral change approaches to individuals through a 
computer–telephone interface, has improved medication use, 
dietary behaviors, exercise behaviors, and self- management of 
diabetes mellitus among older adults (34–36) but has not been 
examined in individuals with knee OA.

Using a strength- training approach with previously estab-
lished efficacy (37), we focus the current work on promoting long- 
term strength- training exercise adherence by taking advantage of 
strategies that have been shown elsewhere to enhance adher-
ence, including cognitive behavioral approaches and TLC tech-
nology. Specifically, we conducted a 2- year randomized controlled 
trial to examine whether the Boston Overcoming Osteoarthritis 
through Strength Training Telephone- Linked Communication 
(BOOST- TLC) program, a novel telephone- based, motivational, 
strength- training exercise- adherence counseling intervention, 
improved adherence to a strength- training exercise program over 
2 years. We hypothesized that the group that received the moti-
vational strength- training TLC intervention would have greater 
adherence to the prescribed progressive resistance exercise pro-
gram at 2 years compared to control participants, who received 
automated monthly messages to continue strength training. As 
a secondary aim, we hypothesized that subjects who were ran-
domized to the intervention arm would have less pain and better  

function at 2 years compared to subjects who were in the control  
arm. Further, we hypothesized that among the subjects ran- 
domized to the BOOST- TLC intervention, greater use of TLC moti-
vational strength- training technology would be associated with 
better adherence to the prescribed strength- training program.

MATERIALS AND METHODS

The BOOST study was a 2- year, single- blind, parallel- arm 
randomized controlled trial conducted in Massachusetts. The 
study design is shown in Figure  1. Consolidated Standards of 
Reporting Trials (CONSORT) guidelines were followed (Figure 2). 
Participants were recruited between 2011 and 2013 from knee OA 
patient registries, community newspapers and flyers, and web-
sites. Eligibility criteria included age 50 years or older, self- reported 
physician- diagnosed knee OA, a Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) pain subscale score of 
≥4 (range 0–20), or notation of knee pain on most days in the 
previous month or most months in the previous year. Additional 
criteria included being able to use a telephone and a successful 
screen for exercise readiness on the Physical Activity Readiness 
Questionnaire (PAR- Q) (38). Exclusion criteria included a medical 
condition precluding exercise (stroke or myocardial infarction in 
the past 3 months, treatment for cancer, severe systemic dis-
ease), a medical condition that limited physical function more than 
the knee pain, including back or hip pain, inflammatory arthritis, 
current regular strength training (≥1 times per week) in the last 
6 months, plan for knee replacement during the trial, bilateral knee 
replacement, and dementia or inability to follow exercise instruc-
tions and use the TLC system.

The study design included an initial 6- week group exercise 
class, after which participants were randomized to the interven-
tion or control group. Prior to the exercise class, participants 
were screened for eligibility. Permission to exercise was obtained 
by medical providers if the PAR- Q indicated that clearance was 
needed for the participant to exercise or if the participant was 70 
years of age or older. The exercise class was used as a run- in to 
eliminate participants who were not compliant with the initial exer-
cise class prior to randomization. Compliance was operational-
ized as attendance of at least 8 of the 12 group exercise sessions.

The BOOST study was approved by the institutional review 
board at Boston University, and all participants provided written 
informed consent. The trial was registered at ClinicalTrials.gov 
under the number NCT01394874.

Randomization and blinding. Randomization to inter-
vention and control arms occurred after completion of the exer-
cise class for persons meeting the run- in criteria. A computer 
generated the randomization list stratified by sex and age (<75 
years, ≥75 years) and blocked with groups of 4. Study investi-
gators and data collectors were blinded to assignment and were 
unaware of the randomization scheme. Assignments were placed 

SIGNIFICANCE & INNOVATIONS
• There was no difference in self-reported adherence

between intervention and control groups; partici-
pants in both groups showed some adherence.

• The automated monthly message reminding parti-
cipants to exercise that both groups received may 
have been sufficient to allow some to adhere to the 
program.

• There was a nonstatistically significant suggestion
of better adherence among those participants 
with greater utilization of the Boston  Overcoming  
Osteoarthritis through Strength Training Telephone- 
Linked Communication system.

• It may be important to match the interests and
needs of individuals to different adherence proto-
cols to optimize behavior change.
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in sealed and opaque envelopes in numerical order maintained in 
a locked file by the study coordinator.

Initial group exercise class (run- in period). Participants 
in both intervention and control arms took part in an evidence- 
based progressive resistive strength- training program delivered in 
a group exercise class. The exercise program is described in detail 
elsewhere (37) and was delivered 2 times per week for 6 weeks by 

a trained exercise physiologist or physical therapist (37). The exer-
cise session was individualized for each study participant. Each 
session consisted of squats, step- ups, pelvic tilts, hip abduction, 
and knee extension and flexion with ankle weights. All exercises 
were progressed in terms of intensity using the Borg scale of per-
ceived exertion (39). At the start of the group exercise program, 
the amount of weight that participants could lift in order to achieve 
a “somewhat hard” level of muscle intensity after 2 sets of 8–15 

Figure 1. Boston Overcoming Osteoarthritis through Strength Training study design diagram. TLC = telephone- linked communication.

6-week run-in 6-month      12-month    18 month                24 month 

Pre- and
post-
exercise 
class 
assessment

Intervention: TLC Motivational Calls and Monthly Automated Phone 
Messages to Strength Train and Complete Exercise Logs

Control: Monthly Automated Phone Messages to Strength Train and 
Complete Exercise Logs 

Randomization

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) guidelines diagram.

359 Assessed for eligibility 239 Excluded
175 Did not meet inclusion

criteria 
61 Declined to participate
2 Did not complete screening 
1 Declined consent

52 Analyzed (intent-to-treat protocol)

45 Completed 24-month follow-up
2 Discontinued intervention (participants
withdrew for personal reasons)
5 Lost to follow-up (unable to contact)

52 Allocated to intervention 
52 Received treatment intervention

44 Completed 24-month follow-up
3 Discontinued intervention (participants
withdrew for personal reasons)
5 Lost to follow-up (unable to contact)

52 Allocated to control
52 Received control intervention

52 Analyzed (intent-to-treat protocol)

104 Randomized 

120 Enrolled

16 Did not meet run-in criteria 
11 Did not complete required 
strength training class sessions
2 Did not attend 6-week exercise 

class follow-up visit
3 Withdrew 
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repetitions was determined. Instructors then worked with partici-
pants to learn how to adjust weights to maintain a “somewhat 
hard” level of muscle intensity for 2 sets of 8–15 repetitions.

All participants were supplied an instruction booklet of the 
prescribed BOOST home exercise program (e.g., squats, step- 
ups, pelvic tilts, hip abduction, and knee extension and flexion 
with ankle weights progressed based on the Borg scale of per-
ceived exertion performed twice a week), 20- pound progressive 
ankle weights (All Pro), and exercise logs. Participants were asked 
to keep track of exercise behaviors weekly using logs, specifically 
recording the individual exercises with the respective weight lifted 
(knee extension and flexion) or progression (squats and step- 
ups), repetitions, sets, and perceived exertion. Participants were 
instructed to complete the exercise logs weekly and to bring their 
logs to the 12-  and 24- month follow- up data collection points. 
Participants were called prior to follow- up data collection points 
and reminded to bring the logs.

Intervention. The intervention arm participated in the 
BOOST- TLC program, which was designed to foster motivation 
and adherence to the BOOST exercise program over a 2- year time 
period. The BOOST- TLC program included the following compo-
nents: 1) an assessment of exercise behavior over the previous 
2 weeks determined by how often the participant performed the 
BOOST exercises, 2) exercise goal- setting utilizing information from 
the previous and current calls, 3) counseling messages to over-
come the most common barriers to exercise adherence for individ-
uals with arthritis, 4) information on lapsing if the participant was not 
currently exercising, and 5) alerts to the study team when the user 
experienced bad pain or an extended lapse in exercise (>4 weeks).

The content of the BOOST- TLC counseling was based on 
social cognitive theory (16,17), self- efficacy (17), and the transthe-
oretical model (30,31). Boost- TLC addressed common barriers 
to exercise (e.g., pain, low confidence, weather, and relapse) and 
ways to overcome the barriers (e.g., increasing confidence with 
exercise, seeking social support, teaching correct exercise pro-
gression and posture, promoting positive reasons to exercise, and 
utilizing goal setting strategies for exercise behaviors).

Upon entrance into the intervention group, participants were 
provided with a training session on the use of the TLC system. 
Participants selected a day and time for the scheduled TLC call. 
The BOOST- TLC intervention system calls occurred weekly for the 
first 6 months and then monthly for the remaining 18 months. The 
TLC system had the ability to call out or receive incoming calls; 
therefore, if contact was not made, a message was left and the 
participant was asked to call back. If no contact was made on the 
scheduled day, 2 more attempts were made that week, after which 
there were no more outgoing calls until the next scheduled call.

The intervention participants also received the same monthly 
automated phone message reminding them to strength train and 
complete the exercise logs that the control group received for 
24 months. Participants in the intervention arm had access to a 

booster session with an interventionist if they became sick and 
had difficulty resuming the prescribed exercise program.

Control. For 24 months, persons in the control arm received 
a monthly automated phone message reminding them to strength 
train and complete the exercise log. The call did not contain 
any motivational programming and was not interactive. Similar to 
the intervention arm, participants in the control arm had access to 
a booster session with an interventionist if they became sick and 
were unable to resume the prescribed exercise program.

Measures. Primary outcome. The primary outcome of ex-
ercise adherence was assessed by the single self- report item 
used previously as a secondary outcome by Bennell et al (40): 
“How would you rate your level of adherence to the prescribed 
BOOST exercise program over the last 3 months? (If you did more 
than prescribed, you cannot rate higher than 10).” The numerical 
scale of 0 (not at all) to 10 (completely as instructed) was used 
for the item (40). For post- hoc analyses, the variable was dichot-
omized into no adherence (0–3) and adherence (4–10). The ad-
herence item was interviewer administered at 12 and 24 months 
and was administered by phone at 18 months. We had initially 
planned to ascertain self- reported adherence through monthly 
exercise logs, but data collection early in the trial showed miss-
ing data and inconsistent logbook completion significant enough 
to warrant concern with the validity of the data. Thus, for the 
1- year follow- up time point, we added the single- item exercise- 
adherence assessment (40) and included the item thereafter in 
all follow- up assessments. Participants were allowed to contin-
ue with the logbooks, but data were not collected or analyzed 
because the decision was to change the measure prior to study 
completion. The protocol was updated at ClinicalTrials.gov to re-
flect the change in adherence assessment after the study was 
completed.

Secondary outcomes. The WOMAC pain and physical 
function subscales, widely used measures of OA pain and 
disability and recommended by the Osteoarthritis Research 
Society International as preferred outcome measures for OA 
trials (41), were used. WOMAC questionnaires were interview-
er administered before and after the run- in period, and at 12 
and 24 months, and were administered by phone at 6 and 
18 months. In addition, functional performance assessments 
(i.e., timed up- and- go test [best of 2 trials], repeated 5-  and 
10- second chair stand time [1 trial each], stair ascent [10 steps, 
best of 2 trials], and quadriceps muscle strength) were complet-
ed before and after the run- in period and at 12 and 24 months 
(42,43). Quadriceps and hamstring strength were measured 
using Biodex System 3 (Biodex Medical Systems). Isokinetic 
testing utilizing a predetermined maximum constant velocity 
of 60 degrees per second was used. Participants were seat-
ed and moved through appropriate knee flexion and extension 
range of motion to determine safe testing limits. Participants 
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were given several practice trials using submaximum effort prior 
to 5 test repetitions, when participants were instructed to push 
“as hard and as fast as you can,” that measured their maximum 
effort. To adjust for outcome differences due to body weight, 
each peak torque strength measure was divided by the partici-
pant’s weight in pounds.

Sample size. The study was designed for a sample size of 
100 subjects (50 per treatment arm), which provides 80% power 
to detect a mean difference of ~2 units in self- reported adherence 
between the treatment arms, with a 2- sided t- test at the 0.05 sig-
nificance level, assuming a SD of 3.5.

Analytical strategy. Baseline values for subject character-
istics were collected following the exercise class at the time of 
randomization to the intervention. Baseline values were compared 
between treatment groups using either t- tests for continuous or 
chi- square tests for categorical characteristics.

The 24- month adherence values were analyzed using linear 
regression to control for baseline imbalances in subject character-
istics. In addition, we used a post- hoc threshold of 3 on the adher-
ence scale to evaluate adherence as a dichotomous outcome, and 
for this analysis we used logistic regression. A cut point of 3 was 
used as an attempt to separate those with some ongoing adher-
ence from those with little or no adherence. Analyses were per-
formed using the intent- to- treat (ITT) approach. To prevent subject 
withdrawal from the study from compromising the ITT analyses, 
we used multiple imputation to fill in values for subjects missing 
visits after baseline and to fill in missing covariate data if necessary.

The secondary outcomes were assessed several times during 
the study; so repeated measures assessments using generalized 
estimating equations were used to compare treatment groups on 
these outcomes. Within the TLC intervention group, we summed 
the information on the number of TLC calls that connected, the 
number completed, and the number that included counseling 
across the 2- year follow- up and  evaluated associations between 

Table 1. Baseline characteristics of trial participants*

Control 
(n = 52)

Intervention 
(n = 52) P

Baseline age, years 64.5 ± 8.3 65.8 ± 6.6 0.38
Female sex, no. (%) 43 (82.7) 42 (80.8) 0.80
White race, non- Hispanic, no. (%) 32 (61.5) 30 (57.7) 0.77
BMI (kg/m2) 30.3 ± 6.4 31.0 ± 7.4 0.63
Knee replacement, no. (%) 6 (11.5) 4 (7.7) 0.51
WOMAC pain subscale score 5.08 ± 3.37 5.43 ± 3.39 0.59
WOMAC function subscale score 13.1 ± 8.22 13.20 ± 10.24 0.96
Timed up- and- go test, seconds 7.40 ± 1.59 7.31 ± 1.53 0.85
Repeated chair stand (5 times), seconds 13.54 ± 2.93 13.67 ± 3.43 0.84
Stair climb, seconds 13.83 ± 7.21 13.55 ± 6.41 0.88
Quadriceps strength (peak torque/pounds) 0.31 ± 0.13 0.27 ± 0.12 0.13
Hamstring strength (peak torque/pounds) 0.14 ± 0.08 0.13 ± 0.13 0.35

* Values are the mean ± SD unless indicated otherwise. BMI = body mass index; WOMAC = Western Ontario 
and McMaster Universities Osteoarthritis Index. 

Table 2. Intervention and control differences in change from baseline to 24 months of primary and secondary outcomes*

Outcome measure
TLC Control Difference in 

change PBaseline 24 months Baseline 24 months
Adherence (range 0–10) – 3.63 (2.70,4.56) – 4.01 (3.03, 4.99) –0.38 (–1.67, 0.91)† 0.57†
WOMAC pain subscale 

score (range 0–20)
5.43 (4.48, 6.39) 4.63 (3.56, 5.69) 5.08 (4.14, 6.01) 4.46 (3.37, 5.56) –0.19 (–1.80, 1.42) 0.81

WOMAC function subscale 
score (range 0–68)

13.20 (10.29, 16.10) 12.74 (9.78, 15.69) 13.10 (10.82, 15.38) 13.09 (9.76, 16.43) –0.46 (–4.84, 3.93) 0.84

Timed up- and- go test, 
seconds

7.32 (6.88, 7.76) 7.45 (6.91, 8.00) 7.39 (6.94, 7.84) 7.71 (6.71, 8.71) –0.19 (–1.13, 0.75) 0.70

Repeated chair stand, 
seconds

13.69 (12.71, 14.67) 13.43 (12.40, 14.45) 13.55 (12.86, 14.23) 13.40 (12.50, 14.31) –0.12 (–1.55, 1.31) 0.87

Stair climb 13.61 (11.78, 15.44) 13.72 (12.14, 15.30) 13.72 (11.67, 15.77) 13.53 (11.11, 15.94) 0.31 (–1.81, 2.43) 0.78
Hamstring strength (peak 

torque/pounds)
0.13 (0.12, 0.15) 0.15 (0.13, 0.17) 0.14 (0.12, 0.17) 0.16 (0.14, 0.18) 0.00 (–0.02, 0.02) 0.76

Quadriceps strength (peak 
torque/pounds)

0.27 (0.24, 0.30) 0.30 (0.27, 0.34) 0.31 (0.27, 0.34) 0.32 (0.28, 0.35) 0.02 (–0.01, 0.05) 0.14

* Values are the mean (95% confidence interval) unless indicated otherwise. TLC = telephone- linked communication; WOMAC = Western Ontario 
and McMaster Universities Osteoarthritis Index. 
† Adherence comparison uses 24- month values rather than change values from baseline to 24 months. 
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these factors and adherence at 24 months using Spearman’s cor-
relations. The statistical significance level for all analyses was set  
at 0.05, and there was no adjustment for multiple testing. All 
 analyses were conducted using SAS, version 9.4.

RESULTS

There were 104 subjects randomized (52 control, 52 TLC) 
(Figure 2). The mean age was 65 years and mean body mass 
index was 31 kg/m2. A total of 81% were female, 60% were white, 
and 10% had a previous knee replacement. These demographic 
factors and pain and function scores were similar between the 
treatment groups (Table 1).

A total of 89 subjects (44 control, 45 TLC) completed the 
24- month follow- up. There was no significant difference in adher-
ence at 24 months between the groups (Table 2) (mean for control 
group 4.01 [95% confidence interval (95% CI) 3.03, 4.99], mean 
for TLC group 3.63 [95% CI 2.70, 4.56]; P = 0.57) (Figure 3A). 
None of the secondary outcomes of pain, function, or strength 
varied by treatment group (Figures  3B and C). A few subjects 
in each arm utilized booster sessions; however, there were not 

enough subjects to warrant further analyses.
For those in the TLC group, measures of compliance with the 

TLC calling system correlated positively with adherence. This was 
a consistent finding across the different measures of compliance 
with the TLC (i.e., the number of calls received, the number of calls 
completed, and the number of calls with counseling) (Table 3).

DISCUSSION

This study is the first randomized controlled trial examin-
ing the effect of a technology- driven and theoretically informed 
exercise- adherence intervention on long- term adherence to an 
evidence- based strengthening program, where both groups 
received identical exercise protocols differing only in adherence- 
promoting strategies. Both groups received the opportunity for 
booster sessions and automated telephone reminders to con-
tinue strength training, while the intervention group also received 
automated interactive coaching and counseling phone calls. At 2 
years, both groups reported similar adherence to the prescribed 
protocol, with no difference between groups. There was some 
indication that those who participated more fully in the TLC inter-
vention were also more adherent to strength training, but this non-
randomized comparison could be due to personal characteristics 
rather than the intervention.

Overall, our participants had low- moderate adherence 
to our prescribed strength- training program in both arms at 
24 months, similarly to other trials of adults with knee OA (44,45). 
Ettinger et al reported moderate adherence to a prescribed exer-
cise program at 18 months (50%) using logs (44). In another 
study of patients with knee OA who received physical therapy 

Figure 3. A, Mean level of adherence in intervention and control 
groups by treatment and visit occasion over 24 months. B, 
Mean Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) pain subscale scores in intervention and control 
groups by treatment and visit occasion over 24 months. C, 
Mean WOMAC function subscale scores in intervention and 
control groups by treatment and visit occasion over 24 months. 
Imputation for all missing values. Error bars indicate 95% 
confidence interval. BL = baseline; Post- Ex = post examination; 
C = control; I = intervention.
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strengthening exercises, only 30% of participants reported per-
forming the prescribed exercises after 15 months (45). Using the 
same adherence measure as we used, Bennell et  al reported 
9- month exercise- adherence levels similar to our findings (40). 
Study intervention protocols, study design, and ascertainment 
of exercise adherence may explain these differences. The study 
by Ettinger et  al (44) was a 3- month, progressive, resistance 
strength- training group intervention followed by 15 months of 
home exercise with some support by interventionists. The study 
by Pisters et al (45) was a study of clinical physical therapy with 
strength- training exercise. No intervention was used to foster 
adherence after the exercise program. The study by Bennell et al 
(40) involved internet- delivered exercise and pain- coping skills 
training for individuals with chronic knee pain; follow- up was 
9 months compared to our 24- month follow- up. Furthermore, 
our sample included subjects who completed the structured 
exercise class, which could suggest greater motivation of our 
participants to engage with the exercise program.

There was no difference in adherence between intervention 
and control groups, hence our null finding that the BOOST- TLC 
intervention improved adherence. On a scale of 0–10, the mean 
in both groups was ~4. The control arm received a monthly auto-
mated reminder call to exercise and complete adherence logs, 
which may have been sufficient to encourage some participants 
to continue their exercise program or report that they did their 
exercises. While we found a suggestive trend between greater 
use of the BOOST- TLC system and adherence among partici-
pants within the intervention arm, the increased utilization of the 
technology did not produce a statistically significant alteration in 
adherence behavior.

There is no standard validated measure for measuring exer-
cise adherence, which makes interpretation of adherence data dif-
ficult. Adherence should capture the extent to which a participant’s 
behavior meets the agreed- upon recommendations from health 
care providers. Completion of exercise logs can be inconsistent, 
thereby creating measurement errors. Pedometers and accelerom-
eters could be used to measure step counts and walking behav-
iors; however, measuring actual performance of strength- training 
behaviors cannot be ascertained with this type of technology. 
Novel approaches utilizing technology embedded in elastic bands 
could measure some types of strength- training exercises (46).

Different approaches will be necessary to capture strength- 
training exercise behaviors; however, to date, none exist for use in 
the home environment. Given the difficulty we had with utilization 
of our initially proposed adherence outcome measure (i.e., exercise 
logs), a pilot feasibility study prior to a full- scale trial might have 

identified this change for our sample, thereby allowing the appro-
priate measure of adherence from the beginning of the study.

Natural history studies show stable or worsening of these 
parameters over time in individuals with knee OA (47–50); so any 
improvement in these factors over time by an intervention could 
be important. Some long- term exercise trials show improvement 
in both groups over time (40,51,52), whereas others show stability 
in the intervention group and worsening in the control group (44). 
Subjects recruited to knee OA studies may be willing to participate 
because of high levels of pain, perhaps leading to regression to 
the mean (and improvements in both groups). More attention to 
the role of regression to the mean in studies recruiting on pain is 
warranted.

Technology may provide avenues to support exercise behav-
iors in the home; however, we faced challenges delivering the 
intervention through technology. Technologically driven methods 
of behavior change require close and continued monitoring to 
assure fidelity of the intervention. Insufficient intensity of the inter-
vention could occur if parts of the intervention were dropped or 
inconsistently administered. Gaps in delivering the intervention 
through technology could have serious impacts on the efficacy of 
the intervention and yield biased results.

Our study has several limitations. First, the adherence mea-
sure we used was self- report and may not reflect actual perfor-
mance. Our initial adherence assessment was through diaries and 
self- report and was potentially biased in the same manner. Second, 
our adherence outcome measures offered a relatively new assess-
ment, and there is limited research available to compare adherence 
in our study to other samples. Third, we had challenges with deliv-
ery of the technology, and not everyone received the intervention as 
intended. In our study, we had dropped calls and off- schedule calls 
in both arms. Fourth, our study lacked blinding of the intervention 
by subjects, which could favor the intervention group. Last, partic-
ipants in the study would not consistently fill out exercise logs, so 
it was not reasonable for us to include these data as outcomes.

In conclusion, we found no effect of TLC on adherence. Exer-
cise remains ineffective as a long- term treatment strategy for the 
knee OA population not because the benefit is questionable but 
because long- term adherence remains poor. Exercise is only effec-
tive over the long term with consistent and effective participation.
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Table 3. Correlations and P values for telephone- linked communication (TLC) intervention use and adherence*

Total TLC calls  
received

Total TLC calls with 
assessment

Total TLC calls with 
counseling

24- month adherence 0.48 (0.0008) 0.48 (0.0007) 0.51 (0.0003)
* Values are the correlation (P). 
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Comorbidities in Osteoarthritis: A Systematic Review and 
Meta- Analysis of Observational Studies
Subhashisa Swain,1  Aliya Sarmanova,1  Carol Coupland,2 Michael Doherty,1 and Weiya Zhang1

Objective. Osteoarthritis (OA) is a common chronic condition in older individuals, but its association with other 
chronic conditions is largely unknown. This study aimed to systematically review the literature on comorbidities in 
individuals with OA compared to those without.

Methods. We searched 4 databases for observational studies on comorbidities in individuals with OA. Studies of 
OA only or in comparison with non- OA controls were included. The risk of bias and study quality were assessed using 
the Newcastle- Ottawa Scale. The prevalence of comorbidities in the OA group and the prevalence ratio (PR) and 95% 
confidence interval (95% CI) between OA and non- OA groups were calculated.

Results. In all, 42 studies from 16 countries (27 case- only and 15 comparative studies) met the inclusion criteria. 
The mean age of participants varied from 51 to 76 years. The pooled prevalence of any comorbidity was 67% 
(95% CI 57–74) in individuals with OA versus 56% (95% CI 44–68) in individuals without OA. The pooled PR for any 
comorbidity was 1.21 (95% CI 1.02–1.45). The PR increased from 0.73 (95% CI 0.43–1.25) for 1 comorbidity to 1.58 
(95% CI 1.03–2.42) for 2, and to 1.94 (95% CI 1.45–2.59) for ≥3 comorbidities. The key comorbidities associated with 
OA were stroke (PR 2.61 [95% CI 2.13–3.21]), peptic ulcer (PR 2.36 [95% CI 1.71–3.27]), and metabolic syndrome 
(PR 1.94 [95% CI 1.21–3.12]).

Conclusion. Individuals with OA are more likely to have other chronic conditions. The association is dose- 
dependent in terms of the number of comorbidities, suggesting multimorbidities. Further studies on the causality of 
this association and clinical implications are needed.

INTRODUCTION

Osteoarthritis (OA) is by far the most common form of arthritis 
and is a major cause of pain and disability in older individuals (1). 
It is a common, complex disorder with multiple genetic, constitu-
tional, and environmental risk factors (2). The presence of multiple 
chronic conditions in a single individual causes higher mortality, 
increased hospitalization, impaired physical and mental health, 
worse disease outcome, and poorer quality of life (3,4). The coex-
istence of chronic conditions with OA is also very common, espe-
cially in the later decades of life (5,6). For example, according to 
the Centers for Disease Control and Prevention, >30% of individ-
uals with diabetes mellitus and heart disease have OA (7).

Most literature on OA comorbidity was published in the 
last 3 years. The review articles focused on the distribution and 
impact of individual chronic conditions such as cardiovascular 
diseases, diabetes mellitus, and depression in OA (8–11). Even 

though  comorbidity was discussed as a concept in the 1960s, 
only in 1996 was a distinct definition first suggested to differen-
tiate comorbidity (implying an index disease with mechanistically 
linked additional conditions) and multimorbidity (implying any 
co- occurrence of medical conditions) within an individual (12). 
Comorbidity research in OA is still at a preliminary stage, and the 
evidence is yet to be accumulated.

A systematic review on OA reported worsening of pain and a 
decline in functional activities among individuals due to the pres-
ence of other chronic conditions (13). Clinically, comorbidities in 
OA create greater challenges for management. The number and 
pattern of different comorbid conditions determine the severity 
and burden in patients with multimorbidities (14,15). However, 
except for shared risk factors such as aging and obesity, little is 
known about biologic plausibility to explain the concurrence of OA 
and associated comorbidities (16,17). According to the European 
League Against Rheumatism (EULAR) and the National Institute 
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for Health and Care Excellence, the diagnosis and management 
of specific comorbidities and understanding their pattern in OA 
are important and are recommended for best practice (18,19). An 
Arthritis Research UK report on multimorbidity in OA also highlight-  
ed the importance of understanding the presence of multiple 
comorbidities with OA for formulating a patient- centered man-
agement plan (20). This study aimed to systematically review the 
current literature on the comorbidities in OA, specifically, the risk 
(prevalence or incidence) of comorbidities in individuals with OA 
compared to those without OA.

MATERIALS AND METHODS

Search methods and sources. A protocol adhering to 
the Preferred Reporting Items for Systematic Review and Meta- 
Analysis 2015 statement was designed and registered online with  
PROSPERO. Medline, PubMed, Embase, and Scopus databases 
were used to identify studies conducted in any country between 
January 1, 1995 and December 31, 2017. Additionally, “comor-
bidity in OA” was searched in the Google Scholar search engine, 
and the first 1,000 articles were screened for inclusion. The com-
plete search consisted of searches for OA (any joint), searches for 
comorbidities, and searches for observational studies. The 3 search 
strategies were then combined using AND to generate citations. 
The details of the search strategies can be seen in Supplementary 
Appendix A, available on the Arthritis Care & Research web site at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24008/ abstract. 
In addition, websites of international societies dealing with arthri-
tis such as EULAR, the American College of Rheumatology, and  
Osteoarthritis Research Society International were searched 
(18,21,22). References within systematic reviews and review arti-
cles were also read for additional relevant original articles.

Selection criteria. All types of observational studies (with 
or without a non- OA control) documenting prevalence or inci-
dence and the risk ratio of OA comorbidity were included in the 

study. We defined comorbidity as the presence of any concurrent 
chronic condition in individuals with OA (as an index disease).

Studies included individuals with OA diagnosed by a physi-
cian through physical examination or radiographic findings. OA 
was the primary exposure, and outcomes were the presence of 
any comorbidities. Other comparisons included studies compar-
ing the prevalence/incidence of comorbidities in OA with non- OA 
controls (comparative) and studies of comorbidities in individuals 
with OA (case- only).

According to the above criteria, all studies identified by title 
and abstract were gathered, and duplicates were removed. 
Potentially relevant articles were selected through initial title and 
abstract screening by 2 authors (SS and AS) independently. Any 
disagreement was discussed with a third author (WZ). The full text 
copies of these relevant articles were then retrieved. We retained 
articles that studied the prevalence of other chronic conditions in 
individuals with OA. Full texts of potentially suitable articles were 
further screened for inclusion (SS). Disagreement in the screening 
of full texts was resolved by a third reviewer (WZ). There was no 
language limitation. We used Endnote for screening of articles, 
and data extraction was done without using any software.

Quality assessment. One reviewer (SS) independently 
assessed study quality based on items in the Newcastle- Ottawa 
Scale (NOS) checklist (23). Any concern on quality scoring was 
decided in consultation with another reviewer (AS or WZ). The 
NOS tool has a scoring scale under 3 sections: participant selec-
tion and representativeness, comparability of study groups, and 
assessment of outcome or exposure. The quality score is based 
on a star system (range 0–9 stars for case–control and cohort 
studies and 0–10 for cross- sectional studies), with a higher score 
representing better methodologic quality.

Data extraction. A customized data extraction form was 
used to extract data from each study. For each included study, 
we collected the following information: authors and publication 
year, title and journal, study country and location (urban or rural), 
study design, sampling method (random or nonrandom), sample 
size, sample characteristics such as age and sex, the number of 
conditions included, methods of comorbidity measurement, and 
prevalence (overall and group specific for each comorbidity).

Outcome. The primary outcome was the risk (prevalence) 
of comorbidities in individuals with OA (cases) versus those with-
out OA (controls), and secondary outcomes included the types of 
comorbidities associated with OA. The risk of having the comor-
bidity between OA and non- OA controls was estimated through 
the prevalence ratio (PR), separately for all comparative studies 
and for age-  and sex- matched/adjusted comparative studies. 
For cohort studies, the prevalence of comorbidities reported at 
baseline was included for the estimation because in these studies 
comorbidity was not reported as the outcome.

SIGNIFICANCE & INNOVATIONS
• This is the first systematic review of the current

literature on comorbidities in osteoarthritis (OA), 
with an extensive list of the conditions.

• In total, 67% of individuals with OA have at least 1
other chronic condition, which is 20% higher than 
for those without OA.

• There was a graded effect in terms of the risk of
having 1, 2, and ≥3 comorbidities in individuals with 
OA compared to those without.

• In individuals with OA, the systems most likely to be
affected by comorbidities are upper gastrointesti-
nal, psychological, cardiovascular, and endocrine.

• Stroke, peptic ulcer, and metabolic syndrome are
the most common comorbidities.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract


MULTIMORBIDITIES AND OSTEOARTHRITIS |      993

Statistical analysis. Descriptive characteristics of the 
studies are expressed as means/medians and/or frequencies, as 
appropriate, depending on the variables. For comorbidity count, 
we used the median because of wider variation in the list of the 
diseases across the studies. Heterogeneity between studies 
was measured using the I2 (%) and Q test (P value) (24,25). Pub-
lication bias was assessed using funnel plots and Egger’s test, 
with statistical significance being conferred to a P value less than 
0.05 (26). For heterogeneity, I2 above 75% was considered as 
wider heterogeneity, demanding careful interpretation of the find-
ings (25). Prevalence and PR and 95% confidence intervals (95% 
CIs) were calculated wherever possible for each comorbidity. The 
PR was chosen over odds ratio (OR) because we had prevalence 
data for both OA cases (exposure) and non- OA controls (non-
exposure). In this scenario, PR is recommended over OR to min-
imize the overestimation of the relative risk (27). For prevalence 
estimation, subgroup analysis was done according to the study 
design (cross- sectional, case–control, and cohort). For PR, how-
ever, only 1 article had a different study design from the others, 
thus not allowing us to perform the subgroup analysis as per the 

study design. Therefore, for the PR estimation, subgroup analy-
sis was done as per the NOS. We used the median NOS score 
of 6 as a cutoff for grouping the studies. To remove the impact 
of age and sex, the association of disease- specific and system- 
specific comorbidities analysis was done for all the comparative 
studies and for age- /sex- matched control comparative studies. 
The results across different studies were pooled using the ran-
dom effects meta- analysis Metaprop module (28), an additional 
function of Stata software, version 15 (29), and Revman software, 
version 5.3 (30).

RESULTS

Search results and study qualities. The initial search 
yielded 70,014 articles from 4 databases. After removal of dupli-
cates, 48,661 remained, of which 1,091 appeared relevant after 
title screening. Abstract reading confirmed 56 relevant articles 
and full- text articles that were fully assessed. In all, 42 articles met 
the inclusion criteria (Figure 1). On the quality assessment scale 
(maximum of 10) for cross- sectional studies (n = 33), the aver-

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta- Analyses flow chart of study selection. OA = osteoarthritis.
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age score was 5.44 (median 6), and of those, 22 studies had 
≥5 stars (31–52). Five case–control and 4 cohort studies had an 
average score of 5.22 (range 0–9), with 6 studies (6,33,53–56) 
having ≥5 stars (see Supplementary Table 1, available on the 
Arthritis Care & Research web site at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24008/ abstract). References 51–92 are 
in Supplementary Appendix B, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24008/abstract.

Study characteristics. Of the 42 included studies, 15 
compared comorbidities between individuals with OA and those 
without (comparative studies), whereas 27 examined comor-
bidities in individuals with OA only (case- only studies). These 
included 3 case–control studies (6,57,58), 6 cohort studies (53–
56,59,60), and 33 cross- sectional studies that explored comor-

bidity in  individuals with OA (1,5,31–52,61–70) (Table 1). We used 
the baseline comorbidity information from the cohort studies. 
Thus, we could calculate prevalence only for the comorbidities. 
Twelve stud ies were from the US (32,34–40,53,57,63,65), 9 
from the Netherlands (1,33,41–44,54,55,59,60), 4 from the UK 
(6,45,46,66), 2 each from Finland (47,48), Japan (49,56), and Italy 
(61,67), and 1 each from Canada (50), Hong Kong (5), Spain (68), 
Australia (51), South Korea (52), Germany (31), Turkey (62), India 
(69), Brazil (70), Iraq (58), and Latin America (64). Twelve stud-
ies were community- based (6,40,45,47,49,51–53,55,56,65,66), 
2 were based on national insurance data (32,57), and 28 were 
hospital- based studies. Eleven studies collected information on 
knee OA (5,37,49,52,53,56–58,62,68,69), 2 were on hip OA 
(47,63), 14 were on both knee and hip OA (1,6,33,39,41,42,45, 
54,55,60,66,67,71), and there was 1 each on ankle (35), hand 
(43), and hip/knee/hand OA (61). Of 15 comparative studies, 12 

Table 1. Characteristics of included studies*

Characteristic
Comparative studies 
(OA versus non- OA)

Case- only studies 
(OA only)

Studies 15 27
Study participants 773,592 832,423
Age, mean (range) years 60.1 (50.8–76.1) 63.9 (54.1–74.0)
Women, % (95% CI) 53.0 (35.0–70.0) 63.0 (57.0–69.0)
Body mass index, mean (range)† 27.3 (24.0–29.8) 

(3 studies)
27.0 (22.0–31.3) 

(17 studies)
Obesity prevalence, % (95% CI)† 53.4 (42.7–64.1) 

(7 studies)
31.9 (21.6–42.3) 

(18 studies)
Comorbidities assessed, median (IQR)‡ 6 (4–24) 

(15 studies)
13 (8–15) 
(27 studies)

OA site
Knee 5 6
Hip 0 2
Ankle 1 0
Both knee and hip 3 11
Hand 0 1
Any joint 5 6
Hand, hip, and knee 0 1
Not given 1 0

Methods of comorbidity measurement
Charlson Comorbidity Index 0 2
Chronic Illness Rating Scale 1 3
Simple count 10 16
Functional comorbidity assessment 1 0
Self- assessed comorbidity questionnaire 0 1
Three methods 0 1
Not mentioned 3 4

Study settings
Community- based 7 5
Hospital- based 6 22
Insurance data 2 0

Methods of OA diagnosis
Physician diagnosed 6 18
Self- reported 3 1
Radiographic 1 0
Physician diagnosed and radiographic 5 8

* Values are the number unless indicated otherwise. OA = osteoarthritis; 95% CI = 95% confidence 
interval; IQR = interquartile range. 
† Information on the variable was available on the number of studies. 
‡ Number of comorbidities assessed in the studies. Information on the variable was available on the 
number of studies. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract
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had controls minimally matched for age and sex of OA cases. In 
the included studies, OA was diagnosed in the following ways: 
clinician assessment without radiographic findings (n = 24), clini-
cal assessment with radiographic diagnosis (n = 13), self- reported 
physician- given diagnosis (n = 4) (40,45,51,65), and radiographic 
findings alone (n = 1) (62). Details of the study characteristics are 
provided in Supplementary Table 2, available on the Arthritis Care 
& Research web site at http://onlin elibr ary.wiley.com/doi/10.1002/

acr.24008/ abstract.
The mean age of the study participants varied from 50.8 

years to 76.1 years across studies. The sample size of the 
included studies ranged from 91 to 237,172 (40,49) and included 
both men and women, except 1 study that had only women (56). 
The detailed demographic information (age, sex, body mass 
index, and obesity) is shown in Table 1.

Prevalence of comorbidities. Of 42 included studies, 
15 case- only studies and 8 comparative studies had data on 
the comorbidity count for analysis. The pooled prevalence of any 
chronic condition in all studies among individuals with OA was 
66% (95% CI 58–74). In OA cases, 29% of participants had a 
single comorbidity, 25% had 2, and 24% had ≥3. Further sub-
group prevalence across the study design is shown in Figure 2. 
High heterogeneity was observed across studies. Technical details 
of the data extraction are provided in Supplementary Tables 3  
and 4, available on the Arthritis Care & Research web site at  
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24008/ abstract.

The leading systems in terms of pooled prevalence in individ-
uals with OA were cardiovascular (35%), musculoskeletal (34%), 
neurologic (30%), and upper gastrointestinal (19%). The lead-
ing chronic conditions reported among individuals with OA were 
hypertension (50% [95% CI 36–57]), dyslipidemia (48% [95% CI 

14–66]), and back pain (33% [95% CI 11–37]), followed by thy-
roid disorder (26% [95% CI 6–68]) and depression (17% [95% 
CI 12–22]). The proportion of chronic conditions was reported to 
be higher in case–control and cross- sectional studies compared 
to cohort studies (Figure 3). Details of the prevalence across the 
study designs are given in Supplementary Tables 5 and 6, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24008/ abstract. All the included stud-
ies were cross- sectional in nature except for 2 studies.

Comparison between individuals with and with-
out OA. Forest plots for PR and 95% CI between OA and the 
number of chronic conditions in comparative studies are shown 
in Figure  4. Eight studies reported the prevalence of comor-
bidities in individuals with OA and in age-  and sex- matched 
controls, which were used to estimate PR for matched studies 
(6,34,44,45,49,56,64,65).

The pooled PR for any comorbidity in studies matched for 
age and sex was 1.21 (95% CI 1.02–1.45; I2 = 100%; P < 0.001) 
(Figure 4). The PR increased from 0.73 (95% CI 0.43–1.25) for 1 
comorbidity to 1.58 (95% CI 1.03–2.42) for 2, and to 1.94 (95% 
CI 1.45–2.59) for ≥3 comorbidities in OA compared with individ-
uals without OA (Supplementary Figure 1, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24008/abstract). Subgroup analysis was done 
for the studies according to the NOS score (Figure  4). Funnel 
plots for the studies are given in Supplementary Figure 2, avail-
able on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24008/ abstract, and Egger’s 
test reported nonsignificant publication bias (P = 0.72).

The risks for having system- specific comorbidities in age-  
and sex- matched/adjusted studies among individuals with OA 

Figure 2. Prevalence of the number of any comorbidities in individuals with osteoarthritis across the study design. Number of studies in each 
group: Any Comorbidity: total (21), cross- sectional (16), case–control (1), cohort (4); One Comorbidity: total (18), cross- sectional (13), case–
control (2), cohort (3); Two Comorbidities: total (16), cross- sectional (12), case–control (2), cohort (2); Three or more Comorbidities: total (14), 
cross- sectional (10), case–control (2), cohort (2).
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were significantly high for upper gastrointestinal disorder (PR 
2.36 [95% CI 2.31–2.41]), psychological conditions (PR 1.75 
[95% CI 1.20–2.54]), and cardiovascular disease (PR 1.56 [95% 
CI 1.34–1.86]) compared to individuals without OA. For specific 
diseases, the risk of stroke was 2.61 (95% CI 2.13–3.21) times 
higher among individuals with OA compared to those without OA, 
followed by peptic ulcer (PR 2.36 [95% CI 1.71–3.27]) and meta-

bolic syndrome (PR 1.94 [95% CI 1.21–3.12]) (Table 2).

DISCUSSION

To our knowledge, this is the first systematic review of the liter-
ature to examine the evidence of an extensive list of comorbidities 
in OA. A total of 42 studies from 16 countries were included. The 
key findings are: 1) 67% of individuals with OA had at least 1 other 
chronic condition, a level 20% higher than for those without OA, 2) 
there was a graded effect in terms of the risk of having 1, 2, and 
≥3 comorbidities in individuals with OA compared to those without, 
3) the systems most likely to be affected by comorbidities in indi-
viduals with OA were upper gastrointestinal, psychological, cardio-

vascular, and endocrine, and 4) stroke, peptic ulcer, and metabolic 
syndrome were the most common comorbidities in OA.

Studies on multimorbidity from both the developed and 
developing countries reported OA as a leading chronic condition 
(14,15,72,73). The risk of having any comorbidities in OA was 
reported to be 2.35 times higher in the UK general practices pop-
ulation (46), and the risk for multimorbidity was 3 times higher in 
the Australian population compared to a non- OA group (51). The 
stronger association of the number of comorbidities in OA indi-
cates the existence of the problem of multimorbidity among these 
individuals. Besides the number, a pattern of chronic conditions 
in OA influences management decisions. Comorbidities increase 
the complexity of care through increased exposure to medi-
cation and other chronic conditions. However, the relationship 
of these factors with the comorbidities is yet to be discovered. 
The association with multiple chronic conditions requires further 
research to explore the pattern and causality of comorbidities in OA.

However, the risk for patients with OA of developing comor-
bidities and the biologic plausibility of such comorbidities is not 
well investigated. Of the 42 studies included, only 12 primarily 

Figure 3. Prevalence (%) of comorbidities in individuals with osteoarthritis (disease and system specific). n = number of studies; N = number 
of participants; COPD = chronic obstructive pulmonary disease. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract.

6
12

13
15

18
19

30
34

35

50
48

33
26

17
16

14
11
11

9
6

5
5

4
2

0 10 20 30 40 50 60

Skin and subcutaneous (n=4, N=12948)

Genito-Urinary (n=12; N= 47958)

Respiratory (n=19, N=92047)

Psychological (n=16; N= 304048)

Endocrine (n=18, N=96693)

Upper Gastro Intes�nal (n=14; N=135704)

Neurological (n=3, N=26864)

Musculoskeletal (n=16; N=158097)

Cardiovascular (n=19; N=217699)

Hypertension (n=21; N=199939)

Dyslipidemia (n=11; N=11440 )

Back pain (n=8; N=264871)

Thyroid disorder (n=2; N=10197)

Depression (n=9; N=258570)

Pep�c ulcer disease (n=10; N=290431)

Diabetes (n=22; N=290431)

COPD/Asthma (n=14; N=157530)

Heart Disease (n=15; N=310554)

Peripheral Vascular Disease (n= 5; N=251048)

Kidney Disease (n=6; N=11989)

Neoplasm (n=13; N=78024)

Cerebral Stroke (n=9; N=52429)

Migraine (n=3; 26432)

Gout (n=2; N=105572)

Sy
st

em
 W

ise
Di

se
as

e 
Sp

ec
ifi

c

Pooled prevalence (%)

http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24008/abstract


MULTIMORBIDITIES AND OSTEOARTHRITIS |      997

examined the comorbidity in OA, 15 had a comparative group, 
and 27 were published in the years 2010–2017. This summary 
indicates the quality of the evidence and growing interest in OA 
comorbidity. Evidence on the risk of having disease- specific 
comorbidities is not well documented, except for hypertension, 
diabetes mellitus, and heart diseases, and these comorbidi-
ties are further less reported according to the system (61). Few 
studies are available to explain the association. For example, 
a meta- analysis done by Wang et  al (9) on the association of 
OA with cardiovascular diseases reported an association with a 
risk ratio of 1.24, which is less than in our study. Strong asso-
ciations with other generalized and localized musculoskeletal 
conditions appeared evident (74,75), but whether coexistence 
with respiratory diseases was independent or related was con-
sidered inconclusive (76), in contrast to our result. According to  
Parkinson et al (77), individuals with OA are at a 1.41 times higher 
risk of getting diabetes mellitus. Nearly one- fifth of OA patients 
have depression (11,78), but previous systematic reviews have 
been inconclusive about the extent of an association (11). We 
report risks of 11 comorbidities among patients with OA, which 
is more comprehensive than any previous study to date.

Exploring factors for comorbidities can be difficult because 
OA might share different common risk factors with different dis-
eases. The presence of multiple comorbidities could be explained 
by aging, an important risk factor for OA and other chronic con-
ditions, but we found positive associations in age- matched 
comparative studies. Associations of OA with gastrointestinal 
diseases are well documented and usually attributed to long- 
term use of analgesics, particularly nonsteroidal antiinflammatory 
drugs (NSAIDs) (79,80). We found nonuniform recording of symp-
tomatic gastrointestinal disorders by the studies, which necessi-
tates correct diagnosis and reporting among patients with OA. 
The coexistence of cardiovascular comorbidities could be due 
to shared risk factors such as obesity and metabolic syndrome 
(81,82). Besides these, NSAIDs and impaired physical activi-

ties in OA have been reported to increase risks of  developing 
 car diovascular disease (82–85). Nevertheless, the causal asso-
ciation between OA and cardiovascular disease is not well 
understood and could in part be attributable to a genetic linkage 
(86- 88). For the association of OA with depression, we hypoth-
esized that the chronicity of the disease, pain, repeated health 
care utilization, health expenditure, and functional limitation could 
be the drivers of depression among individuals having OA, and 
depression can also influence pain experience (78). Endocrine 
disorders such as hypothyroidism and diabetes mellitus could 
have an association with OA at specific joint sites (89), but a lack 
of joint- specific information and endocrine conditions in many 
studies limits our findings. We did not find fair evidence for mus-
culoskeletal comorbidities in OA, even though we found reports 
of similar age- related changes in other joints (90) or muscle 
weakness or injury causing biomechanical derangement leading 
to pain (91). The increased reporting of back pain and migraine 
among patients with both symptomatic OA and asymptomatic 
OA might reflect multiple regional pain resulting from altered pain 
physiology and central pain mechanisms (92).

Although we estimated the pooled prevalence, it needs 
careful interpretation owing to the large heterogeneity. How-
ever, this is only a systematic review of the current literature, 
and the purpose of the review is to identify a signal for future 
research, not to confirm the prevalence and the risk ratio. 
Prevalence reported in epidemiologic studies is determined by 
the study design, sample size, case definition, and diagnos-
tic method. The reported prevalence as per the system and 
disease indicates the existing burden of other chronic con-
ditions in OA, which might affect care. Most of the chronic 
conditions are age related, and thus understanding their coex-
istence across the age groups could have been helpful. How-
ever, because of the limited articles available, we could not 
perform such subgroup analysis, and we limited our discus-
sion to the association only. The heterogeneity of the studies 

Figure 4. Risk of having comorbidities among individuals with osteoarthritis compared to individuals without osteoarthritis. Only information 
on systemic comorbidities has been used from the study by Saltzman et al (35) in all estimates. M-H = Mantel-Haenszel; 95% CI = 95% 
confidence interval; NOS = Newcastle-Ottawa Scale. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.
wiley.com/doi/10.1002/acr.24008/abstract.
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and the limited research highlight the need for better- quality 
comorbidity research in OA.

There are several limitations to this study. First, since  
multi morbidity/comorbidity in OA is not well indexed in literature 
databases, we may have omitted some studies. Second, het-
erogeneity in the prevalence estimates observed in our review, 
stemming from diversity of methodologies, may have caused 
uncertainty of the results. Third, there was ambiguity in disease 
definitions, which creates uncertainty, for example over whether 
peptic ulcer, gastritis, and acidity should be considered sepa-
rate entities. Fourth, suboptimal information about OA reported 
in studies made it difficult to differentiate between structural OA 
and symptomatic OA and to determine whether associations 
were linked primarily with structural OA or with pain experi-
ence. Similarly, the count of chronic conditions and the defini-
tion used varied considerably between studies and may have 
influenced the estimates (93). Our comparative groups included 
any non- OA cases, so the comorbidity pattern might have been 
different because of the selection of comparative/control groups, 
which needs to be interpreted with caution. Furthermore, the 
unavailability of joint- specific OA within comparative studies lim-
ited the estimation of joint- specific comorbidities. The study also 
compiles data from different study designs and thus has limita-
tions for understanding the time sequences of OA with comor-
bidities. Unfortunately, there were not enough studies in each 
subgroup (only 1 in the cohort design) in comparative studies to 
perform subgroup analysis as per the study design.

In conclusion, individuals with OA are 1.2 times more likely to 
have any comorbidity than non- OA controls and 2.5 times more 
likely to have ≥3 comorbidities. The comorbidities with the high-
est increase in risk are stroke, peptic ulcer, hypertension, and 
depression. Further research is needed to determine the causality 
between OA and these common comorbidities to optimize treat-
ment and develop preventive strategies.
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Comparison of the Birmingham Vasculitis Activity 
Score and the Five- Factor Score to Assess Survival in 
Antineutrophil Cytoplasmic Antibody–Associated Vasculitis: 
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Objective. To compare the accuracy of the Birmingham Vasculitis Activity Score (BVAS), version 3, and the 
Five Factor Score (FFS), version 1996 and version 2009, to assess survival in antineutrophil cytoplasmic antibody–
associated vasculitis (AAV).

Methods. A total of 550 patients with AAV (41.1% with granulomatosis with polyangiitis, 37.3% with microscopic 
polyangiitis, and 21.6% with eosinophilic granulomatosis with polyangiitis), diagnosed between 1990 and 2016, were 
analyzed. Receiver operating characteristic (ROC) curves and multivariable Cox analysis were used to assess the 
relationships between the outcome and the different scores.

Results. Overall mortality was 33.1%. The mean ± SD BVAS at diagnosis was 17.96 ± 7.82 and was significantly 
higher in nonsurvivors than in survivors (mean ± SD 20.0 ± 8.14 versus 16.95 ± 7.47, respectively; P < 0.001). The 
mean ± SD 1996 FFS and 2009 FFS were 0.81 ± 0.94 and 1.47 ± 1.16, respectively, and were significantly higher in 
nonsurvivors than in survivors (mean ± SD 1996 FFS 1.17 ± 1.07 versus 0.63 ± 0.81 [P < 0.001] and 2009 FFS 2.13 ± 
1.09 versus 1.15 ± 1.05 [P < 0.001], respectively). Mortality rates increased according to the different 1996 FFS and 2009 
FFS categories. In multivariate analysis, BVAS, 1996 FFS, and 2009 FFS were significantly related to death (P = 0.007,  
P = 0.020, P < 0.001, respectively), but the stronger predictor was the 2009 FFS (hazard ratio 2.9 [95% confidence 
interval 2.4–3.6]). When the accuracy of BVAS, 1996 FFS, and 2009 FFS to predict survival was compared in the global 
cohort, ROC analysis yielded area under the curve values of 0.60, 0.65, and 0.74, respectively, indicating that 2009 FFS 
had the best performance. Similar results were obtained when comparing these scores in patients diagnosed before and 
after 2001 and when assessing the 1- year, 5- year, and long- term mortality. Correlation among BVAS and 1996 FFS was 
modest (r = 0.49; P < 0.001) but higher than between BVAS and the 2009 FFS (r = 0.28; P < 0.001).

Conclusion. BVAS and FFS are useful to predict survival in AAV, but the 2009 FFS has the best prognostic 
accuracy at any point of the disease course.

INTRODUCTION

Antineutrophil cytoplasmic antibody (ANCA)–associated 
vasculitis (AAV) is a group of chronic multisystem autoimmune 
diseases with substantial mortality and morbidity and frequent 
relapses characterized by predominant small vessel inflammation 

and necrosis in conjunction with ANCA in 60–90% of cases at 
disease onset (1). Three different clinical forms have been differ-
entiated: granulomatosis with polyangiitis (GPA; formerly named 
Wegener’s granulomatosis), microscopic polyangiitis (MPA), and 
eosinophilic granulomatosis with polyangiitis (EGPA; formerly 
named Churg- Strauss syndrome) (1,2).
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Disease severity in AAV ranges from organ- threatening man-
ifestations to milder forms, and prompt immunosuppressive treat-
ment is crucial to reduce death by major organ failure as well as 
to reduce long- term morbidity. With the introduction of treatment 
with corticosteroids and immunosuppressant drugs, remission 
has been improved in most cases, but patients with AAV are still 
at increased risk of death compared with age-  and sex- matched 
members of the general population (3,4).

In the absence of reliable serologic markers of disease activ-
ity, accurate clinical tools have been designed to assess vasculitis 
activity, prognosis, and damage to help choose the first- line ther-
apy and improve the patient’s outcome (5). Usually, assessment 
scores grade disease severity by adding symptoms: the more 
symptoms, the more severe the disease.

In 1994, the Birmingham Vasculitis Activity Score (BVAS), 
based on a list of 66 clinical features scored arbitrarily accord-
ing to their perceived clinical relevance, was validated for assess-
ment of disease activity in systemic vasculitis (6). The first version 
was revised and modified in 1997 (BVAS version 2) for use in 
collaborative European trials, omitting 4 of the initial items that 
were thought to occur only rarely and adding 7 new items (7). 
The last version, approved in 2003 (BVAS version 3), includes 
56 clinical features grouped into 9 different categories: general; 
cutaneous; mucous membranes and eyes; ear, nose, and throat; 
chest; cardiovascular; abdominal; renal; and nervous system (8). 
The maximum score is 63. Since the European League Against 
Rheumatism recommended the use of BVAS to standardize 
disease assessment in clinical trials (9), BVAS has become the 
current standard assessment tool for scoring activity in AAV. Addi-

tionally, BVAS has been shown to have prognostic value, at least 
in short-  to medium- term mortality (6,10).

In 1996, the Five Factor Score (FFS) was developed by the 
French Vasculitis Study Group to predict survival of patients with 
polyarteritis nodosa, EGPA, and MPA according to clinical and 
biologic parameters observed at the time of diagnosis, indepen-
dent of treatments prescribed, flares, or events that could occur 
during the course of the disease (11). The 1996 FFS included the 
following parameters that were associated with a higher risk of 
death: proteinuria >1 gram/day, renal insufficiency (stabilized peak 
creatinine 140 nmoles/liter), cardiomyopathy, severe gastrointesti-
nal manifestations, and central nervous system involvement. The 
presence of each factor was accorded 1 point. For FFS scores of 
0, 1, and ≥2, the respective 5- year mortality rates were 12%, 26%, 
and 46%. In 2009, a revised version of the FFS was developed, 
based on 1,108 consecutive patients registered at the French Vas-
culitis Study Group database, this time including GPA. This cohort 
included 349 patients with polyarteritis nodosa, 218 with MPA, 
230 with EGPA, and 311 with GPA (12). The 5 parameters asso-
ciated with higher 5- year mortality were age >65 years, cardiac 
symptoms, gastrointestinal involvement, renal insufficiency (stabi-
lized peak creatinine 150 nmoles/liter), and the absence of ear, 
nose, and throat involvement. Thus, the revised 2009 FFS com-
prises 4 factors associated with poorer prognosis and 1 with bet-
ter outcome. According to the 2009 FFS, the 5- year mortality rates 
for scores of 0, 1, and ≥2 were 9%, 21%, and 40%, respectively.

Both BVAS and FFS have been shown to be useful tools at 
baseline to assess activity and/or prognosis in AAV, but studies 
comparing both scores are scarce (13), and no study includ-
ing the 2009 FFS has been published. Additionally, the 1996 
FFS has not been checked in patients with GPA. Based on the 
Spanish Registry of Systemic Vasculitis (REVAS) from the Span-
ish Society of Internal Medicine and its Group of Autoimmune 
Systemic Diseases, we conducted this study to compare the 
accuracy of the BVAS version 3 and the FFS versions 1996 and 
2009 to assess survival at diagnosis in a large cohort of patients 
with AAV.

PATIENTS AND METHODS

Patients. A total of 550 patients with AAV, diagnosed between 
January 1990 and January 2016 in 20 centers in Spain, included in 
the REVAS Registry, and regularly followed- up until the censoring 
date (July 2017), were retrospectively analyzed. All patients met the 

SIGNIFICANCE & INNOVATIONS
• This is the first study comparing the accuracy of 

the Birmingham Vasculitis Activity Score (BVAS), the 
1996 Five Factor Score (FFS), and the 2009 FFS to 
assess survival in patients with antineutrophil cyto-
plasmic antibody–associated vasculitis, and the 
first to validate the 2009 FFS in these patients.

• Patients who died had a higher BVAS, 1996 FFS, and 
2009 FFS than those who survived.

• The 2009 FFS had the best accuracy to predict sur-
vival, both at short- and long-term follow-up.

• The study showed that the 1996 FFS is useful for 
assessing survival in patients with granulomatosis 
with polyangiitis.
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American College of Rheumatology and the Chapel Hill nomencla-
ture criteria (2,14,15).

Data collection and measurements. Collected data 
included date/age at diagnosis, sex, comorbidity, type of AAV, 
diagnosis delay, organ involvement at disease onset and through-
out the disease course, relevant laboratory data (erythrocyte sed-
imentation rate [ESR], C- reactive protein [CRP], white blood cell 
count, hemoglobin, serum creatinine, estimated glomerular filtra-
tion rate, urinalysis, 24- hour urine protein excretion, and ANCA 
results), histopathology results, radiology examinations, duration of 
illness, relapses, treatment at diagnosis and relapses, deaths, and 
the likely causes that may have contributed to death, as previously 
described (16).

ANCA results were determined by indirect immunofluores-
cence and antigen- specific enzyme- linked immunosorbent assay. 
Renal disease was defined as the presence of hematuria >10 red 
blood cells/hpf, proteinuria >1 gram/day, hypertension, creatinine 
>125 μmol or an increase in creatinine >30%, or creatinine clear-
ance decrease >25%, attributable only to vasculitis.

Treatment and evaluation criteria. Induction therapy 
included in most cases corticosteroids in combination with cyclo-
phosphamide. According to the European recommendations (17–
20), after 2001 most patients with generalized and severe disease 
received intravenous pulses of cyclophosphamide as induction 
therapy and switched to other less toxic immunosuppressant 
drugs (methotrexate, azathioprine, or mycophenolate mofetil) 
for maintenance therapy. For this reason, as previously reported 
(16), we analyzed mortality during 2 periods (before and after Jan-
uary 2001), to evaluate the influence of the different therapeutic 
regimens on the disease outcome. Three scores were analyzed 
to assess survival at the time of GPA, MPA, and EGPA diagnosis: 

the 2003 BVAS, version 3 (8), the 1996 FFS (11), and the 2009 
FFS (12).

Statistical analysis. This was a nationwide observational, 
longitudinal- retrospective study. Categorical data were summa-
rized as percentages; significant differences or associations were 
analyzed using the chi- square test or Fisher’s exact tests. Contin-
uous variables are shown as mean ± SD or as median and inter-
quartile range (IQR), depending on normality, demonstrated by the 
Kolmogorov- Smirnov test. Associations of quantitative data were 
analyzed with Student’s t- test and with the nonparametric Mann- 
Whitney U test or the Kruskal- Wallis test. FFS was considered as a 
categorical variable (from 1 to 5 and recoded as 0.1, >2), although 
it also was described as a continuous variable. BVAS was consid-
ered as a continuous variable. Patients’ survival was assessed by 
life- table analysis using the Kaplan- Meier method compared using 
the log rank test. Survival was calculated from the date of vasculitis 
diagnosis to the censoring date or the time the database was closed 
for this study. Spearman’s correlation coefficient was used to ana-
lyze the relationship between 2 continuous variables. Multivariable 
Cox proportional hazards regression models with a stepwise selec-
tion procedure were used to evaluate the ability of the 3 analyzed 
scores to predict mortality. According to a stepwise selection pro-
cess, variables were entered or removed from the regression equa-
tion on the basis of a computed significance probability (maximized 
partial likelihood ratio) and verified by a degree of hands- on mode-
ling. We also calculated the hazard ratio (HR) and 95% confidence 
intervals (95% CIs) for survival, and they were checked by Wald 
tests. Receiver operating characteristic (ROC) curves were calcu-
lated for each score, and the area under the curve (AUC) measured 
its accuracy. For all statistical analyses, a P value less than 0.05 
was considered to be significant. Statistical analysis was performed 
using SPSS statistical software, version 21.0.1.

Table 1. Epidemiologic data and vasculitis scores at disease onset*

All patients 
(n = 550)

GPA 
(n = 226)

MPA 
(n = 205)

EGPA 
(n = 119) P

Men/women, no. 270/280 111/115 99/106 59/60 0.96
Mean age, mean ± SD years 55.6 ± 17.1 51.4 ± 16.4 64.6 ± 15.4 52.9 ± 16.2 <0.001
Age ≥65 years at diagnosis 206 (37.5) 55 (24.3) 121 (59.0) 30 (25.2) <0.001
Hypertension 168 (30.5) 50 (22.1) 87 (42.4) 31(26.1) 0.001
Diabetes mellitus 60 (10.9) 23 (10.2) 29 (14.1) 8 (6.7) 0.05
Hypercholesterolemia 111(20.2) 44 (19.5) 38 (18.5) 29 (24.4) 0.29
Smoking 106 (19.3) 50 (22.1) 42 (20.5) 14 (11.8) 0.34
Asthma 135 (24.5) 18 (8.0) 8 (3.9) 109 (91.6) <0.001
ANCA negative – – – – –
Diagnosis delay, median (IQR) months 1.3 (0.5–3.0) 1.5 (0.5–3) 1.3 (0.5–2.5) 1 (0.5–3.5) 0.015
BVAS, mean ± SD 17.96 ± 7.82 18.13 ± 9.05 18.71 ± 6.65 16.34 ± 6.96 0.028
1996 FFS, mean ± SD 0.81 ± 0.94 0.67 ± 0.95 1.22 ± 0.95 0.35 ± 0.57 <0.001
2009 FFS, mean ± SD 1.47 ± 1.16 0.97 ± 1.89 2.29 ± 0.86 1.03 ± 0.94 <0.001
Deaths 182 (33.1) 61 (26.99) 95 (46.3) 26 (21.8) <0.001
Time to death, median (IQR) 62 (109) 75 (136.5) 50.5 (73.25) 109.5 (117.3) <0.001

* Values are the number (%) unless indicated otherwise. GPA = granulomatosis with polyangiitis; MPA = microscopic polyangiitis;
EGPA = eosinophilic granulomatosis with polyangiitis; ANCA = antineutrophil cytoplasmic antibodies; IQR = interquartile range; 
BVAS = Birmingham Vasculitis Activity Score; FFS = Five Factor Score. 
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RESULTS

General data. Among the 550 patients with AAV, 280 were 
female and 270 male, with a mean age of 55.6 ± 17.1 years (range 
17–91 years) at diagnosis; 37.5% of patients were age >65 years. 
In all, 226 patients (41.1%) had GPA, 205 (37.7%) had MPA, and 
119 (21.6%) had EGPA. Patients with MPA were significantly older 
than patients with GPA and EGPA (P < 0.001). The median diag-
nostic delay was 1.3 months (IQR 0.5–3) and was significantly 
greater in patients with GPA and EGPA (P = 0.015). Diagnosis was 
biopsy- proven for 455 cases (82.7%) and was based on clinical 
symptoms in conjunction with a positive ANCA test for the remain-
ing cases.

Nonspecific symptoms such as fever, malaise, joint pain, and 
weight loss were present at diagnosis in >50% of cases. Renal 
involvement was detected in 66% of patients, lung involvement in 
56.4%, and pulmonary- renal syndrome in 17.8%. Renal involve-
ment and pulmonary- renal syndrome were more prevalent in 
patients with MPA (P < 0.001), neurologic and cardiac involvement 
in patients with EGPA (P < 0.001), and ear, nose, and throat and 
ocular involvement in patients with GPA (P < 0.001). Demographic 
and clinical characteristics of patients, as well as ANCA antibody 
status at the time of diagnosis, are shown in Tables 1 and 2.

ESR and CRP values were elevated in >75% of patients 
at diagnosis, and serum creatinine levels (>125 μmoles/liter) in 

Table 2. Main clinical characteristics and ANCA antibodies of the entire cohort and each type of AAV*

All patients 
(n = 550)

GPA 
(n = 226)

MPA 
(n = 205)

EGPA 
(n = 119) P

Fever ≥38º C 290 (52.7) 120 (53.1) 107 (52.2) 62 (52.1) 0.90
Toxic syndrome 278 (50.5) 114 (50.4) 117 (57.1) 46 (38.7) 0.006
Joint involvement 301 (54.7) 128 (56.6) 111 (54.1) 62 (52.1) 0.80

Arthralgia 285 (51.8) 121 (53.5) 109 (53.2) 55 (46.2) 0.38
Arthritis 88 (16.0) 47 (20.8) 20 (9.8) 21 (17.6) 0.007

Skin involvement 135 (24.5) 57 (25.2) 34 (16.6) 44 (37.0) <0.001
Purpura 107 (19.5) 36 (15.9) 30 (14.6) 41 (34.5) <0.001
Cutaneous ulcers 40 (7.3) 27 (11.9) 3 (1.5) 10 (8.4) <0.001

ENT involvement 240 (43.6) 159 (70.4) 20 (9.8) 61 (51.3) <0.001
Rhinitis 110 (20.0) 90 (39.8) 5 (2.4) 15 (12.6) <0.001
Paranasal sinus involvement 181 (32.9) 122 (54.0) 5 (2.4) 54 (45.4) <0.001
Otitis media 92 (16.7) 71 (31.4) 7 (3.4) 14 (11.8) <0.001
Sensorineural hearing loss 52 (9.5) 43 (19.0) 7 (3.4) 2 (1.7) <0.001

Lung involvement 310 (56.4) 145 (64.2) 93 (45.4) 72 (60.5) <0.001
Lung nodules 131 (23.8) 101 (44.7) 14 (6.8) 17 (14.3) <0.001
Lung infiltrates 248 (45.1) 94 (41.6) 87 (42.4) 67 (56.3 0.019

Renal involvement 364 (66.2) 138 (61.1) 181 (88.3) 45 (37.8) <0.001
Hematuria ≥10 RBCs/hpf 302 (54.9) 114 (50.4) 162 (79.0) 26 (21.8) <0.001
Renal insufficiency 269 (48.9) 92 (40.7) 160 (78.0) 18 (15.1) <0.001
Creatinine 125–249 μmol 101 (18.4) 33 (14.6) 61 (29.8) 7 (5.9) <0.001
Creatinine 250–499 μmol 89 (16.2) 22 (9.7) 61(29.8) 6 (5.1) <0.001
Creatinine ≥500 μmol 34 (6.2) 15 (6.6) 19 (9.3) 1 (0.8) 0.007
Proteinuria >1 gram/day 121 (22.0) 38 (16.8) 79 (38.5) 4 (3,4) <0.001

Pulmonary- renal syndrome 98 (17.8) 34 (15.0) 56 (27.3) 8 (6.7) <0.001
Neurologic involvement 190 (34.5) 63 (27.9) 65 (31.7) 62 (52.1 <0.001

Mononeuritis multiplex 86 (15.6) 27 (11.9) 19 (9.3) 40 (33.6) <0.001
Sensory peripheral neuropathy 86 (15.6) 24 (10.6) 42 (20.5) 20 (16.8) 0.013
Cerebrovascular accident 27 (4.9) 13 (5.7) 10 (4.8) 4 (3.4) 0.30

Cardiac involvement 67 (12.2) 25 (11.1) 21 (10.2) 21 (17.6) 0.05
Pericarditis 17 (3.1) 5 (2.2) 5 (2.4) 7 (5.9) 0.18
Cardiomyopathy 13 (2.4) 4 (1.8) 1 (0.4) 8 (6.7) 0.003
Ischemic cardiac pain 18 (3.3) 8 (3.5) 5 (2.4) 5 (4.2) 0.12
Congestive cardiac failure 49 (8.9) 19 (8.4) 16 (7.8) 14 (11.8) 0.05

Gastrointestinal involvement 23 (4.2) 12 (5.3) 8 (3.9) 3 (2.5) 0.44
Ischemic abdominal pain 14 (2.5) 4 (1.8) 6 (2.9) 3 (2.5) 0.74
Bloody diarrhea 16 (2.9) 8 (3.5) 6 (2.9) 2 (1.7) 0.68

Ophthalmic involvement 77 (14.0) 53 (23.5) 12 (5.9) 12 (10.1) <0.001
ANCA positive 473 (86.0) 202 (89.4) 205 (100) 69 (58) –

PR3-cANCA 197 (41.6) 163 (72.1) 24 (11.7) 10 (14.5) <0.001
MPO-pANCA 276 (58.4) 38 (16.8) 181 (89.8) 59 (58.5) <0.001

ANCA negative 77 (14) 24 (10.6) – 50 (42) <0.001
* Values are the number (%) unless indicated otherwise. ANCA = antineutrophil cytoplasmic antibodies; AAV = ANCA–
associated vasculitis; GPA = granulomatosis with polyangiitis; MPA = microscopic polyangiitis; EGPA = eosinophilic 
granulomatosis with polyangiitis; ENT = ear- nose- throat; RBC = red blood cells; PR3-cANCA = proteinase 3 cytoplasmic ANCA;  
MPO-pANCA = myeloperoxidase perinuclear ANCA. 
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40.7%. The highest creatinine values were observed in patients 
with MPA (P < 0.001). Anemia was present in 69.3% of cases and 
was more prevalent in MPA than in GPA and EGPA (89.8% versus 
67.3% and 37.8%, respectively; P < 0.001). ANCA tested posi-
tive in 86% of cases: 41.6% PR3- ANCA and 58.4% MPO- ANCA. 
PR3- ANCA was more prevalent in patients with GPA (P < 0.001), 
and MPO- ANCA in patients with MPA and EGPA (P < 0.005).

The mean follow- up period was 94.83 ± 73.85 months (range 
3 days to 333 months). Mortality was assessed for the entire pop-
ulation and for each AAV category. During this period, 182 patients 
(33.1%) died: 95 (46.3%) with MPA, 61 (26.9%) with GPA, and 26 
(21.8%) with EGPA. The median time to death was 62 months 
(IQR 109) for the entire population and was significantly lower in 
patients with MPA (P < 0.001), as shown in Table 1. The median 
global survival was 186 months (IQR 164.4–207.5) and was worse 
for patients with MPA (108 months [IQR 62.1–153.9]) compared 
to those patients with GPA (229 months [IQR 169.4–288.6]) and 
EGPA (252 months [IQR 158.8–345.1]) (P < 0.001) (Figure 1). For 
all patients, absolute rates of survival were 94%, 80%, and 67% 
at 1, 5, and 10 years, respectively.

Disease activity and prognosis scores. The mean ± SD 
BVAS at the time of diagnosis was 17.96 ± 7.82 for the whole 
cohort and was higher in patients with MPA and GPA than in those 
with EGPA (P = 0.028). The mean 1996 FFS and 2009 FFS at 
diagnosis were mean ± SD 0.81 ± 0.94 and 1.47 ± 1.16, respec-
tively, for the whole cohort, and they were the highest in patients 
with MPA (P < 0.001). No sex- related differences for BVAS and 
FFS were observed. The mean BVAS and FFS for the entire cohort 
and each AAV category are shown in Table 1.

The mean ± SD BVAS was higher in patients who died than 
in those who survived (20.0 ± 8.14 versus 16.95 ± 7.47, respec-
tively; P < 0.001). Similarly, the mean ± SD 1996 FFS and 2009 
FFS were higher in patients who died than in those who survived 
(1.17 ± 1.07 versus 0.63 ± 0.81 [P < 0.001] and 2.13 ± 1.09 ver-
sus 1.15 ± 1.05 [P < 0.001], respectively).

The survival rate decreased significantly according to the dif-
ferent 1996 FFS and 2009 FFS categories, as shown in Figure 2. 
For 1996 FFS scores of 0, 1, and ≥2, the respective 5- year mortal-
ity rates were 9.8%, 21%, and 38%. For 2009 FFS scores of 0, 1, 
and ≥2, the respective 5- year mortality rates were 5%, 7.6%, and 
35%. When applied individually to each of the AAV categories, 
the 1996 FFS and the 2009 FFS reproduced the results of the 

Figure  1. Kaplan- Meier survival curves for patients with 
granulomatosis with polyangiitis (GPA), microscopic polyangiitis 
(MPA), and eosinophilic granulomatosis with polyangiitis (EGPA). 
Log  rank < 0.001.

Figure  2. Kaplan- Meier survival curves for patients with 
antineutrophil cytoplasmic antibody–associated vasculitis according 
to A, the 1996 Five Factor Score (FFS), and B, the 2009 FFS.
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entire population (see Supplementary Figures 1 and 2, available 
on the Arthritis Care & Research web site at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.23912/ abstract).

Cox regression analysis identified BVAS, 1996 FFS, and 
2009 FFS as independent factors related to death (P = 0.007, 
P = 0.020, and P < 0.001, respectively), but the strongest predic-
tor of mortality was the 2009 FFS, with HR 2.9 (95% CI 2.4–3.6). 
Similar results were obtained when we analyzed each of the AAV 
categories; 2009 FFS was the strongest predictor of mortality for 
GPA (HR 2.5 [95% CI 1.9–3.23]), MPA (HR 2.5 [95% CI 1.8–3.44]), 
and EGPA (HR 4.66 [95% CI 2.4–9.2]). When the 1996 FFS and 
2009 FFS were stratified into 3 categories (0, 1, and ≥2), Cox 
regression analysis showed a significant relationship between 
1996 FFS ≥2, 2009 FFS ≥2, and death (HR 3.25 [95% CI 2.28–
4.63] and HR 6.26 [95% CI 3.82–10.27], respectively).

ROC analysis in the entire cohort yielded AUC values of 0.60, 
0.65, and 0.74 for BVAS, 1996 FFS, and 2009 FFS, respectively, 
indicating that the 2009 FFS had the best accuracy to predict sur-
vival at the time of diagnosis in patients with AAV (Figure 3). Compar-
ing centuries, ROC analysis yielded AUC values of 0.69, 0.67, and 
0.71 for patients diagnosed before 2001, and AUC values of 0.56, 

0.65, and 0.77 for patients diagnosed after 2001, indicating that 
BVAS and the 2009 FFS had similar accuracy to predict survival in 
patients diagnosed before 2001, but the 2009 FFS had the best pre-
dictive accuracy in patients diagnosed after 2001 (Figure 4A and B).

When we compared the BVAS and the FFS accuracy to assess 
the 1-  and 5- year mortality, similar results were observed (Figure 4C 
and D). In the first case, ROC analysis yielded AUC values of 0.49, 
0.70, and 0.80 for BVAS, 1996 FFS, and 2009 FFS, respectively, 
indicating that the 2009 FFS had the best performance. In the sec-
ond case, ROC analysis yielded AUC values of 0.56, 0.68, and 
0.78 for BVAS, 1996 FFS, and 2009 FFS, respectively, indicating 
that the 2009 FFS also had the best predictive accuracy. Correla-
tion between the BVAS and the 1996 FFS was modest (r = 0.49; 
P < 0.001) but higher than between the BVAS and the 2009 FFS 
(r = 0.28; P < 0.001). In contrast, correlation between 1996 FFS 
and 2009 FFS was strong (r = 0.69; P < 0.001).

When treatment was stratified according to the 1996 FFS cat-
egories (data not shown), patients with 1996 FFS ≥2 who received 
cyclophosphamide (n = 103) benefitted from prolonged survival 
(P = 0.005). Similar results were obtained when treatment was 
stratified according to the 2009 FFS ≥2, as patients who received 
cyclophosphamide (n = 198) benefitted from prolonged survival 
(P = 0.038). The mean BVAS, the mean 1996 FFS, and the mean 
2009 FFS were significantly correlated with the mean Vasculitis 
Damage Index (P < 0.001, P < 0.001, and P = 0.05, respectively).

DISCUSSION

Several scores have been designed and used in prospective 
trials including patients with AAV to quantify the disease activity 
and severity and to assess the response to treatment over time 
(5–8,10–13). The main objective of all scores is to provide detailed 
information on the clinical status of patients that may help with treat-
ment decisions and prognosis assessment. However, assessing 
disease activity and prognosis in AAV encompasses several major 
challenges due to the multiple organs that may be involved, as well 
as the varied manifestations, ranging from fulminant and acute to 
chronic disease, and the resulting tissue damage that can lead to 
signs and symptoms similar to, but not caused by, active disease. 
Additionally, the outcome and prognosis of each AAV category can 
be different, despite some shared characteristics.

The aim of the current study was to compare the accuracy 
of 3 different scores (BVAS version 3, 1996 FFS, and 2009 FFS) 
to assess survival at the time of AAV diagnosis. To our knowl-
edge, no study has compared the 2009 FFS with other vascu-
litis assessment tools, and the 1996 FFS has not been tested in 
patients with GPA.

A total of 550 patients (226 with GPA, 205 with MPA, and 
119 with EGPA) were evaluated. Most patients had multisystem 
involvement at baseline, in line with prior studies (21–25). The 
overall mortality rate was similar in our cohort to that observed in 
other large series of patients from different countries (3,5,21), with 

Figure  3. Receiver operating characteristic (ROC) curves for all 
patients comparing the accuracy of the Birmingham Vasculitis Activity 
Score (BVAS), 1996 Five Factor Score (FFS), and 2009 FFS to predict 
survival in the entire cohort. AUC = area under the curve; 95% CI 
= 95% confidence interval. Color figure can be viewed in the online 
issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23912/abstract.

AUC 95% CI
BVAS 0.60 0.54-0.65
1996FFS 0.65 0.60-0.70
2009FFS 0.74 0.69-0.78

http://onlinelibrary.wiley.com/doi/10.1002/acr.23912/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23912/abstract
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the highest for patients with MPA. As we already reported (16), the 
3 clinical variables present at diagnosis with the greatest impact 
on mortality were renal failure, cardiac involvement, and age >65 
years. In contrast, ear, nose, and throat involvement was associ-
ated with a lower risk of death, our findings being comparable to 
those described in the literature (3,12,26).

The disease severity at the time of diagnosis, as assessed 
by BVAS, was similar in our patients to that recorded in other 
large cohorts (4,10,21,24) and was significantly related to the 
disease outcome. The mean BVAS was significantly higher in 
patients who died than in those who survived, in accordance 
with prior studies (4,21), indicating that the initial extent of organ 
involvement is a determinant in patients’ survival. In this sense, 

BVAS at diagnosis has been previously related to the disease 
outcome (5,21,27), at least in short-  to medium- term mortal-
ity (6,10), although some studies suggest BVAS as a long- 
term morbidity predictor rather than a mortality predictor (28), in 
line with our results.

In a similar way, the disease severity at the time of diagnosis, 
as assessed by FFS, was comparable in our series to that found 
by the French Vasculitis Study Group (11,12,21). The mortality 
rate increased according to the different 1996 FFS and 2009 FFS 
categories, reflecting the increasing severity of the disease, with 
5- year mortality rates for 1996 FFS scores of 0, 1, and ≥2 and for 
2009 FFS scores of 0, 1, and ≥2, quite similar to those reported by 
Guillevin et al (11,12). Furthermore, both the mean 1996 FFS and 

Figure 4. Receiver operating characteristic curves comparing the accuracy of the Birmingham Vasculitis Activity Score (BVAS), 1996 Five 
Factor Score (FFS_96), and 2009 FFS (FFS_09) to predict survival in patients diagnosed in the 20th century (XX) (A) and 21st century (XXI) (B), 
and at 1 year (C) and 5 years (D) of follow- up. AUC = area under the curve. Color figure can be viewed in the online issue, which is available at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23912/abstract.
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the mean 2009 FFS were significantly higher in patients who died 
than in those who survived.

We found that BVAS, 1996 FFS, and 2009 FFS were all inde-
pendently related to death. However, when we analyzed the ability 
of BVAS, 1996 FFS, and 2009 FFS to predict survival at the time 
of diagnosis, the 2009 FFS had the best accuracy, both at short-  
and long- term follow- up. BVAS and the 2009 FFS had a simi-
lar precision to predict long- term survival for patients diagnosed 
before 2001. In contrast, for patients diagnosed after 2001, the 
2009 FFS was the stronger survival predictor. Notably, BVAS did 
not show a significant prognostic value to predict mortality at 1 
and 5 years, in contrast to previous studies (6,10).

Our results suggest that the relationship between the initial 
disease activity and subsequent risk of mortality has changed 
in recent decades, probably due to most appropriate therapeu-
tic regimens adapted to the initial disease severity. Although our 
objective was not to analyze the influence of FFS on treatment 
strategy, we found that patients with 1996 FFS ≥2 and 2009 FFS 
≥2 who received cyclophosphamide benefitted from prolonged 
survival, in line with data reported by Gayraud et al (21). Finally, 
BVAS, 1996 FFS, and 2009 FFS were all significantly correlated 
with the Vasculitis Damage Index, indicating that the initial severity 
of the disease is also a good long- term morbidity predictor.

Few studies comparing the accuracy of BVAS and FFS to 
assess the outcome in AAV have been published (13,21). In 2001, 
Gayraud et al (21) used the BVAS version 1 (6) and the 1996 FFS 
(11) to evaluate the long- term outcome in a large cohort of patients 
with polyarteritis nodosa, MPA, and EGPA. The authors found 
that mortality was significantly associated with disease severity as 
assessed by the BVAS and the 1996 FFS, and that both scores 
were significantly correlated (r = 0.69; P < 0.01). The authors sug-
gested that prognostic scores should be used in clinical trials to 
guide the initial treatment choice as a function of disease severity 
in the individual patient.

In 2009, Merkel et  al (13) compared 6 instruments used 
to measure AAV activity and extent in clinical trials: BVAS, BVAS 
2003, BVAS for Wegener granulomatosis, Disease Extent Index, 
physician global assessment, and the 1996 FFS. Ten experienced 
vasculitis investigators from 5 different countries scored a total of 
20 patients with MPA or GPA. The scores of the 5 acute activ-
ity measures correlated extremely well with one another, test–
retest reliability ranging from 0.77 to 0.95. However, the authors 
found a modest correlation between the BVAS version 3 and the 
1996 FFS (r = 0.49; P < 0.001), in keeping with our findings. So 
far as we know, no studies comparing the BVAS and the 2009 
FFS accuracy to assess survival in patients with AAV have been 
reported.

In the current study, the 2009 FFS had better precision than 
the 1996 FFS and the BVAS to predict survival in both the entire 
cohort and in each AAV category, and in both the short-  and the 
long- term follow- up. Differences between FFS and BVAS accu-
racy may be due to the fact that not all the items evaluated on 

BVAS are related to a poor prognosis in terms of mortality, while 
all the items evaluated on FFS (especially in the 2009 FFS) have 
been related to death. Additionally, the most appropriate thera-
peutic regimens in recent decades allow patients with severe dis-
ease, as assessed by BVAS, to survive longer than before. These 
considerations may also explain the poor correlation that we 
found between BVAS and both FFS versions. Similarly, differences 
between the 2009 FFS and 1996 FFS may be due to the param-
eters included in the 2009 FFS and are less arbitrary than those 
included in the 1996 FFS. In this regard, Guillevin et al (12) stated 
that central nervous system involvement was arbitrarily included in 
the 1996 FFS, considering its impact on prognosis, although its 
presence was not significantly associated with a reduced survival 
in most series of patients with AAV. On the contrary, age >65 years 
at diagnosis was not included in the 1996 FFS, but several studies 
(3,4,12,16,29) have shown that it is related to a poor prognosis 
in terms of mortality, reflecting the severity of these vasculitides 
in the elderly (30). In a similar way, ear, nose, and throat involve-
ment, which is included in the 2009 FFS but not in the 1996 FFS, 
has proven to be a protective factor in different studies, despite 
being present together with kidney involvement or other signs of 
particular severity (3,12,16,26,30). Cardiac, renal, and intestinal 
involvement are included in both FFS versions, but renal manifes-
tations only count for a point in the 2009 FFS because proteinuria 
>1 gram/day (included in 1996 FFS) was not associated with a 
reduced survival, and only a peak creatininemia ≥150 μmoles/liter 
was related to death (12). Regardless, in the current study, the 
2009 FFS performed better than the 1996 FFS to predict sur-
vival in all AAV subsets both at short-  and long- term follow- up, 
although a good correlation was found between both scores.

The main strengths of this study are that, to our knowledge, 
this is the first to compare the accuracy of BVAS, the 1996 FFS, 
and the 2009 FFS to predict survival in AAV, and this is the first 
study to validate the 2009 FFS in a large cohort of patients with 
AAV. We demonstrate that both BVAS and FFS can be used 
to assess survival, although initially they did not have the same 
objectives (the FFS was designed for prognosis and the BVAS 
for disease severity evaluation). In addition, we demonstrate that 
the 1996 FFS can also be used to predict survival in patients with 
GPA. However, some limitations are recognized, such as the ret-
rospective design and the fact that patients were treated at each 
period according to good clinical practice at the time of their diag-
nosis. BVAS was calculated retrospectively and may thus have 
been underestimated because scoring was based on documen-
tation in the clinical records and laboratory data. Despite those 
limitations, we believe that this study adds interesting data related 
to AAV assessment and management.

In conclusion, our results confirm that BVAS, the 1996 FFS, 
and the 2009 FFS are useful in patients with AAV to measure the 
initial disease severity, provide prognostic information, compare 
different groups of patients, and make therapeutic decisions. The 
2009 FFS is better adapted than the 1996 FFS and the BVAS to 
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predict survival, both at short-  and long- term follow- up. However, 
the BVAS is a more precise measure of disease activity and can 
be used to assess follow- up. We recommend using both scores 
to increase the ability to evaluate prognosis and choose first- line 
therapy.

As far as we know, the 2009 FFS has only been validated 
in French patients, and no study comparing BVAS and the 2009 
FFS has been published. Furthermore, we show for the first time 
that the 1996 FFS can also be used to assess survival in patients 
with GPA. Our study validates the results of the French Vasculitis 
Study Group.
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Meta- Analysis of Treatment for Primary Sjögren’s 
Syndrome
Lucy L. Chu,1 Kangping Cui,1 and Janet E. Pope2

Objective. The current focus of treatment in primary Sjögren’s syndrome (SS) is symptom management. Since SS 
is an autoimmune disease with multisystem involvement, systemic immunosuppression may have a role in improving 
signs and symptoms and preventing progression. We undertook this review to assess the efficacy and safety of 
immunomodulation on primary SS from randomized clinical trials (RCTs).

Methods. Five electronic databases (Medline, Embase, Central, ClinicalTrials.gov, and the World Health 
Organization International Clinical Trials Registry Platform) were searched to include RCTs for the treatment of SS. 
Primary outcome measures included ocular dryness, oral dryness, tear production, and salivary function. Serious 
adverse events (AEs) and withdrawals due to AEs were also assessed.

Results. The search yielded 32 trials evaluating 19 different medications. The average duration of diagnosis was 
long (up to 9.2 years). Twenty- two trials examined ocular and oral dryness, for which only 2 and 4 trials showed 
statistically significant improvements, respectively. No studies found a benefit for tear production; few studies found 
improvements for unstimulated salivary flow (3 of 16 RCTs) and stimulated salivary flow (2 of 14 RCTs). Meta- analysis 
at 6 months found improvements as compared to placebo for unstimulated salivary flow (P = 0.003) and a decrease 
in the erythrocyte sedimentation rate (P = 0.007). No differences were seen for serious AEs, but there were increased 
withdrawals from AEs (risk ratio 2.33; P = 0.03).

Conclusion. Reducing inflammation potentially improves salivary gland function. No individual immunomodulatory 
drug demonstrated a consistent benefit in xerostomia and xerophthalmia. Further work is needed to identify SS 
patients with an ability to improve and with outcomes that are valid and sensitive to change within clinical trials. 
Tradeoffs in the future between benefit and safety may also be important, because more withdrawals occurred with 
active treatment.

INTRODUCTION

Sjögren’s syndrome (SS) is an autoimmune condition with 
lymphocytic infiltration of exocrine glands, leading to dry eyes 
and dry mouth. Primary SS refers to the absence of another 
connective tissue disorder. The prevalence of primary SS is 
estimated to be up to 5% of the general population (1), mak
ing it one of the most common autoimmune disorders. Extrag
landular manifestations of SS can affect up to half of patients, 
bearing major impacts on quality of life. The current focus of 
treatment in primary SS is mainly symptom management with 
sialogogues and topical therapy, but they do not address the 
underlying disease process.

Chronic inflammation and the development of autoanti
bodies, including anti Ro/SSA and anti La/SSB, are thought to 

play a role in the pathogenesis. There may be a role for systemic 
immunosuppression to prevent immune mediated organ dam
age. Numerous immune response targets have been examined 
in existing trials, including purine synthesis inhibition and tumor 
necrosis factor blockade. Results to date are conflicting. The 
objective of this review is to assess the efficacy and safety of 
immunomodulation on primary SS from randomized clinical trials 
(RCTs).

MATERIALS AND METHODS

Search criteria. Criteria were determined to include adult 
patients with primary SS (Table 1). Only studies of RCT design 
were included, comparing immunosuppressive therapy to either 
placebo or active drug therapy. Comprehensive search strategies 
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were developed for 5 electronic databases (Medline, Embase, 
Central, ClinicalTrials.gov, and the World Health Organization 
International Clinical Trials Registry Platform) to include relevant 

articles (Table 2).
Primary efficacy outcomes included ocular dryness, assessed 

through a visual analog scale (VAS) or numeric rating scale, oral 
dryness, assessed through a VAS or numeric rating scale, lac
rimal gland function, assessed through Schirmer’s test (2), and 
salivary gland function, assessed through unstimulated and stim
ulated salivary flow rates. Secondary outcomes included: fatigue, 
evaluated through a VAS, numeric rating scale, the Multidimen
sional Fatigue Inventory, or other validated instruments (3); quality 
of life, evaluated through the Short Form 36 (SF 36) health survey 
(4); patients’ symptom perception, evaluated through the Euro
pean League Against Rheumatism (EULAR) Sjögren’s Syndrome 
Patient Reported Index (ESSPRI) (5); disease activity, evaluated 
through the EULAR Sjögren’s Syndrome Disease Activity Index 
(ESSDAI) (6); inflammatory markers, including erythrocyte sedi
mentation rate (ESR), C reactive protein (CRP) level, and comple
ment component 4 (C4); and the incidence of lymphoma. Safety 
outcome measures included the incidence of serious adverse 
events (AEs) and the incidence of withdrawals due to AEs.

Data collection. Two authors (LLC and KC) independently 
screened titles and abstracts for inclusion. In cases of disagree
ment, another author (JEP) would also assess for eligibility. Data 
were extracted independently and then compared to ensure accu
racy. The following information was collected: first author, year of 
publication, country of study, population of study, classification cri

teria used, number of patients, mean age, duration of diagnosis, 
level of blinding, study duration, treatment, and control. Primary 
and secondary outcomes were extracted at the study end point 
and at 6 months, when available, for meta analyses.

Statistical analysis. An intent to treat analysis was used. 
Meta analyses were performed at 6 months using fixed effects 
Mantel Haenszel methods with forest plots. Efficacy measures 
were presented as the mean difference (standardized, when 
there were different units of analysis between studies). Safety out
come measures were presented as risk ratios. A P value less than 
0.05 was considered statistically significant. Heterogeneity was 
quantified using the I2 statistic (mild 0–30%, moderate 31–50%, 
high >50%). The risk of bias was assessed using Cochrane’s risk 
of bias tool, with low risk, unclear risk, or high risk assigned to 
each category (7).

RESULTS

Included studies. The search yielded 1,026 results following 
removal of 598 duplicates (Figure 1). All citations were screened, 
and 104 records were reviewed in full. Thirty two unique trials were 
identified, for a total of 1,988 patients at inclusion (Table 3). Only 
preliminary data were available for 9 studies that were presented 
either as abstracts, letters, or supplements. All included RCTs 
recruited patients with primary SS, mostly based on classification 
guidelines from the American European Consensus Group estab
lished in 2002. Two studies included a small subset of patients 
with secondary SS. Mean age ranged from 29.3 to 60.7 years 
(median 54.1 years). Duration of diagnosis ranged from 1 to 8.9 
years, although symptom onset usually preceded the diagnosis by 

several years. Study duration ranged from 4 to 52 weeks.
Medical therapies included anakinra (n = 1), azathioprine 

(n = 1), baminercept (n = 1), CFZ533–anti CD40 monoclonal 
antibody (n = 1), cyclosporine A (n = 1), dehydroepiandrosterone 
(DHEA; n = 5), doxycycline (n = 1), efalizumab (n = 1), etanercept 
(n = 1), hydroxychloroquine (n = 3), VAY736–anti BAFF R mon
oclonal antibody (n = 1), interferon alpha (IFNα; n = 4), igurati
mod (n = 1), infliximab (n = 1), nandrolone decanoate (n = 1), 
 pimecrolimus (n = 1), prednisone (n = 1), rebamipide (n = 1), ritux
imab (n = 4), and thalidomide (n = 1).

SIGNIFICANCE & INNOVATIONS
• Most treatments in primary Sjögren’s syndrome are 

ineffective.
• This lack of effectiveness may be due to lack of effi-

cacy or trial design, such as nonresponsive outcome 
measures or studying the patients with irreversible 
changes.

• The safety issues of immune suppressive treatment 
in Sjögren’s syndrome could outweigh some bene-
fits if trials have marginal improvement.

Table 1. Inclusion and exclusion criteria*

Inclusion Exclusion
Patient population Adults with primary Sjögren’s syndrome Secondary Sjögren’s syndrome, children, animals 
Study design RCT: crossover, single-  or double blinded, 

abstracts with published findings 
Nonrandomized clinical controlled trials, cohort 

studies, retrospective studies, case series/
reviews 

Intervention Systemic immunomodulatory 
medications: glucocorticoids, DMARDs, 
biologics, other 

Nondrug interventions, topical therapy, vitamins, 
fatty acids/oils, herbal/homeopathic therapy, 
Chinese medicine, surgical procedures 

Control Placebo; standard therapy As above 
Other English Other language 

* RCT = randomized controlled trial; DMARDS = disease- modifying antirheumatic drugs. 
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Risk of bias. The relatively high proportion of studies with 
unclear risk was reflective of studies available only in abstract form 
(Figure 2A). Most trials appropriately discussed random sequence 
generation and allocation concealment (Figure 2B). All studies were 
double blinded with the exception of 1 single blinded trial. With 
regard to incomplete outcome data, most trials extrapolated from 
the last recorded outcome, but occasionally, high attrition rates 
possibly skewed results. Selective reporting was of concern in 8 
studies, which provided incomplete data to secondary  end points 
initially described.

Steroids: glucocorticoids and androgens. Glucocorti
coids are used in many autoimmune conditions to reduce inflam
mation. In a study of prednisone versus placebo with 8 patients 
in each arm, subjective eye and mouth dryness improved by 
6 months (18). ESR was also lower (mean ± SD 32 ± 19 mm/
hour versus 45 ± 27 mm/hour; P < 0.05). One study of DHEA by 
Pillemer et al (27) with 14 patients total again noted improvement 
in dry mouth symptoms (9 ± SE 5.5 versus –10 ± SE 5.5 on a 
VAS, range 0 to 100; P < 0.02). ESR was also found to decrease 
in a study of nandrolone decanoate (19 nortestosterone) com

Table 2. Search strategy
Ovid Medline in- process and other nonindexed citations, Ovid Medline daily, and Ovid Medline (1946 to present) 

1) Sjögren’s syndrome/ (n = 12,534)
2) (syndrome$ adj3 (sicca$ or sjo?gren$ or sj?gren$)).mp. (n = 17,317)
3) or/1- 2 (n = 17,317)
4) random$.tw. (n = 990,013)
5) 3 and 4 (n = 381)
6) 5 not (exp animals/ not (human/ and exp animals/)) (n = 360)

Embase Classic + Embase (1947 to October 3, 2017) 
1) Sjögren’s syndrome/ (n = 20,703)
2) (syndrome$ adj3 (sicca$ or sjo?gren$ or sj?gren$)).mp. (n = 25,935)
3) or/1- 2 (n = 25,935)
4) random$.tw. (n = 1,256,628)
5) randomized controlled trial/ (n = 475,388)
6) or/4- 5 (n = 1,353,091)
7) 3 and 6 (n = 701)
8) 7 not ((exp animal/ or nonhuman/) not exp human/) (n = 668)

EBM Reviews: Cochrane Central Register of Controlled Trials (September 2017), EBM Reviews: Cochrane Database of Systematic Reviews 
  (2005 to October 5, 2017) 
1) Sjögren’s syndrome/ (n = 172)
2) (syndrome$ adj3 (sicca$ or sjo?gren$ or sj?gren$)).mp. (n = 532)
3) or/1- 2 (n = 532)
4) remove duplicates from 3 (n = 504)

ClinicalTrials.gov (October 5, 2017) 
Condition: Sjögren’s syndrome  
Study type: interventional studies 
Study results: all studies 
Age groups: all age groups 

World Health Organization International Clinical Trials Registry Platform (October 5, 2017) 
Search: sjo* AND random* 
Phases: All 

Figure 1. Flow diagram of study selection. WHO = World Health Organization; ICTRP = International Clinical Trials Registry Platform; RCT = 
randomized clinical trial.
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pared with placebo in 20 patients (mean ± SD 17.4 ± 7.22 versus 
26.7 ± 7.22; P < 0.01) (14).

Disease- modifying antirheumatic drugs (DMARDs). 
Hydroxychloroquine was the most commonly examined DMARD. 
A small study in 1993 found a trend toward improved ocular 
symptoms (22). A subsequent study by Gottenberg et al (19) with 
120 patients found no clinical benefit apart from decreased inflam
matory markers. More recently, a 12 week study with 39 patients 
found no improvement in fluorescein staining, Schirmer’s test, or 
inflammatory markers (38).

IFNα was examined separately in 4 trials. The first in 1998 
noted 15 of 30 patients doubled salivary production as opposed 
to 1 of 30 patients in the control group (P < 0.001), assessed 
with Saxon testing (24). Ship et al also found increased salivary 
output (via spitting) (mean ± SD 0.79 ± 0.46 grams/5 minutes 
versus 0.06 ± 0.11 grams/5 minutes; P = 0.04) (32). Two studies 
were published in 2003; the smaller study found possible wors
ening of stimulated salivary flow rate (21), while the largest study 
with 497 patients found significantly greater mean increases in 
unstimulated salivary flow rate (0.315 grams/5 minutes ± SE 
0.063 versus 0.102 grams/5 minutes ± SE 0.046; P = 0.0138) 
(9). No major differences were noted for subjective oral or ocular 
symptoms.

Other immunomodulators studied include cyclosporine A, 
azathioprine, and pimecrolimus. Drosos et  al (13) found subjec
tive improvement in xerostomia at 6 months for cyclosporine A 
(P < 0.01), but xerophthalmia, along with objective measures, was 
largely unchanged. In a 24 week trial with azathioprine, there was 
no improvement in dryness, tear production, salivary production, or 
biopsy results (28). Six of 13 patients in the treatment group with
drew due to AEs. Results of a pimecrolimus study reported favorable 
results that did not reach statistical significance for corneal staining 
and xerophthalmia (P = 0.28 and P = 0.40, respectively) (35). No 
RCTs were identified for sulfasalazine, leflunomide, or methotrexate.

Biologics. Infliximab and etanercept were the first biologics 
studied. No study found improvements in primary or secondary 
outcomes at 22 and 12 weeks, respectively (23,29). Rituximab 
was the most commonly studied biologic. Four trials were pub
lished between 2008 and 2015. A previous systematic review by 
Souza et al (40) found low quality evidence for improving salivary 
flow at 24 weeks, but no benefit for Schirmer’s test, fatigue, SF 36 
health survey mental component, or ESSDAI. Serious AEs were 
not statistically worse than placebo.

Several other biologics have been studied. A 12 week trial of 
efalizumab, which binds to CD11a, a subunit of leukocyte function 
antigen 1, found no improvement in salivary or lacrimal flow (36). 

Figure 2. Riskofbias graph across all trials (top) and summary of risk of bias (bottom).
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Of concern was the fact that minor salivary gland biopsies found 
increased inflammation, and 2 patients also developed further 
autoantibodies. Due to these results and other data that showed 
an increased risk of progressive multifocal leukoencephalopa
thy, the study was terminated. The effect of anakinra on fatigue 
was examined and found to be no different on overall change in 
VAS measurements (25). Post hoc analysis found more patients 
reported ≥50% reduction in fatigue VAS in the treatment group  
(6 of 12 versus 1 of 13; P = 0.03). Preliminary results for baminer
cept found an isolated improvement in ESSDAI, though no ben
efit in overall dryness, fatigue, tear, or salivary production, but this 
drug was associated with increased risk of hepatic injury (33).

Two novel monoclonal antibodies are being explored. VAY736, 
an IgG1 monoclonal antibody against the receptor for B cell activat
ing factor, improved physician global VAS (–18.11 [95% confidence 
interval (95% CI) –32.54, –3.68]) and patient global VAS (–16.56 

[95% CI –32.04, –1.08]) scores in a study of 27 patients (12). In a 
recent phase II study of CFZ533 (a CD40 receptor blocker) with 44 
patients, the primary end point of ESSDAI improved as compared 
to placebo (5.64 [95% CI 1.02, 10.58]) by 12 weeks (15).

Miscellaneous. Iguratimod (a methanesulfonyl analog 
suppressing interleukin [IL] 1, IL 6, and tumor necrosis factor) 
improved the primary end points of ESSPRI (3.4 versus 2.0; 
P < 0.05) and ESSDAI (7.3 versus 4.2; P < 0.05) as compared 
to conventional treatment at week 12 (39). Other drugs thought 
to have immunosuppressive effects, including doxycycline (which 
inhibits matrix metalloproteinase) and rebamipide (which inhibits 
neutrophilic leukocyte activation), have not shown any differences 
in affecting the dryness of salivary flow as compared to placebo 
(30,34). A study of thalidomide was terminated when all 4 patients 
receiving the study drug withdrew due to AEs of orthostasis, rash, 
and/or neuropathy within 3 weeks (26).

Effects of interventions. Primary outcomes. Changes in 
ocular dryness, oral dryness, tear production, and salivary func
tion were examined in the majority of studies (Table 4). Only 2 of 
22 trials showed statistically significant improvements in ocular 
dryness, as seen with prednisone and rituximab. Two studies of 
DHEA found worsening of ocular symptoms. Oral dryness im
proved in 4 of the 22 studies, but inconsistently across studies 
for DHEA, prednisone, and rituximab. None of the 19 studies ex
amining tear production found any significant change. Unstimu
lated salivary flow rate increased in 3 of 16 studies, as seen with 
2 of 3 rituximab trials and 1 of 3 IFNα trials. Stimulated salivary 
flow rate was measured in 4 trials but increased in only 2 IFNα 

trials and worsened in another study.
Secondary outcomes. Of the 15 trials that looked at fatigue, 

improvement was seen with CFZ553 (a monoclonal antibody in
hibiting CD40) and in 1 of 4 rituximab trials. No studies showed 
obvious improvement in either the mental or physical compo
nents of the quality of life questionnaire. Studies of iguratimod 
and CFZ553 at a 10 mg/kg dose found slight improvements in 
both ESSPRI/ESSDAI scores. One trial of hydroxychloroquine 
found a decrease in inflammatory markers of ESR and CRP level.  
No studies found any difference in C4 levels or the risk of lympho
ma. Lymphoma was only reported in 2 patients across all studies.

Safety outcomes. Studies of thalidomide and efalizumab 
were terminated early owing to serious AEs, as described above. 
Azathioprine was also associated with concerns for tolerability, 
because 6 of 13 patients withdrew. There was no demonstrated 
risk of increased serious AEs, mortality, or withdrawals due to 
AEs in the remaining studies.

Meta- analysis. Meta analyses of the above outcomes 
were performed using change scores at 6 months from baseline. 
Statistically significant changes as compared to placebo were 
seen for increase in unstimulated salivary flow rate (0.21 [95% 

Table 4. Efficacy outcomes*

Outcome (total trials), trials showing statistical improvement
Ocular dryness (22)

1 of 1 prednisone
1 of 2 rituximab 

Oral dryness (22)
1 of 1 cyclosporine A
1 of 3 DHEA
1 of 3 prednisone 
1 of 3 rituximab

Tear production (19)
0

Unstimulated salivary production (16)
2 of 3 rituximab 
1 of 3 IFNα

Stimulated salivary production (14)
2 of 4 IFNα

Fatigue (15)
1 of 4 rituximab 
1 of 1 CFZ533

Quality of life: mental component (8)
0

Quality of life: physical component (8)
0

ESSPRI (8)
1 of 1 iguratimod
1 of 1 CFZ533

ESSDAI (7)
1 of 1 baminercept
1 of 1 iguratimod
1 of 1 CFZ533

ESR (14)
1 of 1 nandrolone 
1 of 1 prednisone 
1 of 3 hydroxychloroquine 

CRP level (3)
1 of 1 hydroxychloroquine

C4 (2)
0

* DHEA = dehydroepiandrosterone; IFNα = interferon alpha; ESSPRI = 
European League Against Rheumatism (EULAR) Sjögren’s Syndrome 
Patient Reported Index; ESSDAI = EULAR Sjögren’s Syndrome Disease 
Activity Index; ESR = erythrocyte sedimentation rate; CRP = C- reactive 
protein. 
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CI 0.07, 0.35]; P = 0.003) and decrease in ESR (4.83 [95% CI 
1.34, 8.32]; P = 0.007). Pooled estimates did not show significant 
improvements in other efficacy measures. Subgroup analyses on 
glucocorticoids, DMARDs, and biologics did not show obvious 
differences.

There was no significant difference with regard to serious AEs 
in the intervention groups with risk ratio 1.23 (95% CI 0.78, 1.95; 
P = 0.37); there was an increased risk in biologic studies, but not 
significantly. However, tolerability was likely reflected by a signifi
cant increase in withdrawals from AEs in the intervention groups 
(risk ratio 2.33 [95% CI 1.38, 3.96]; P = 0.03). The results of 
the meta analysis forest plots are in Supplementary Figures 1–15,  
available on the Arthritis Care & Research web site at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.23917/ abstract.

DISCUSSION

Overall, there is a paucity of data on effective therapies for pri
mary SS. No clear clinical benefit to the use of steroids, DMARDs, 
or biologics was demonstrated. This finding is largely in agreement 
with previous reviews on primary SS. Glucocorticoids and hydrox
ychloroquine likely decrease inflammatory markers, cyclosporine 
A may be beneficial for xerostomia, and IFNα and rituximab pos
sibly increase salivary flow. Further results of studies on igurati
mod and CFZ553 are eagerly awaited, given the improvements in  
ESSPRI and ESSDAI. To include all available evidence, preliminary 
data were involved to minimize publication bias. As a result, the 
quality of the evidence could not be assessed in some cases.

Different classes of medications are not usually combined 
for a meta analysis. Few trials along with relatively small patient 
numbers made combining classes of medications necessary to 
provide adequate statistical power. Heterogeneity was meas
ured to ensure that variability was acceptable between sub
groups. Apart from the CRP level, het ero geneity did not exceed 
52% (moderate).

The patient population, study duration, and outcomes 
assessed in existing trials may not reflect the potential of immuno
modulators to improve disease activity and halt disease pro
gression. Most patients reported symptom onset of longer 
than 5 years, by which time there is already fibrosis of exocrine 
glands, and reversibility of some symptoms may not be possible. 
These factors could contribute to the lack of treatment response 
observed and highlights the importance of including patients early 
in the disease course in future trials. Moreover, there was a poor 
correlation between subjective and objective indices measured 
(41). The short duration of the existing trials may also reduce 
the observed treatment response. Ascertaining clinical change 
in studies of <12 weeks duration is difficult, because DMARDs 
have a delayed onset of action and likely significant improvement 
is needed in chronic lymphocytic infiltration in exocrine glands with 
remodeling before secretory function improves. Secretory function 
improvement is likely to take a long period of time in established 

SS, and reversal of fibrosis may not be possible. Previous exper
iments of injury to salivary glands have found that regeneration 
is possible to some extent, owing to the self renewal of acinar 
cells (42). The timeframe for regeneration is unclear but likely in the 
order of months to years. Lymphoma risk, one of the most con
cerning complications, is difficult to ascertain when only 2 patients 
reportedly developed lymphoma in all 32 trials, given such short 
periods of follow up. Longer study duration may need to be incor
porated in future trials to assess these factors.

Commonly measured parameters in primary SS may 
reflect prior damage as opposed to active inflammation. Per
haps quantifying tear production and salivary flow is analogous 
to calculating damaged (as opposed to swollen) joint count in 
rheumatoid arthritis (RA). ESSDAI and ESSPRI scales were 
created in an attempt to overcome this issue. However, these 
scales were made available in the last decade and thus were only 
incorporated in recent studies. Ultrasonography appears to be a 
promising tool in 2 rituximab trials. In the Trial of Anti–B Cell Ther
apy in Patients With Primary Sjögren’s Syndrome (TRACTISS),  
a subset of 52 patients had ultrasound testing at 0 and 48 weeks 
(43). The reported mean difference was 1.2 (95% CI –2.0, –0.5; 
P = 0.0023) in favor of rituximab as compared to placebo. In the 
Tolerance and Efficacy of Rituximab in Primary Sjögren Syndrome 
(TEARS) trial, a subset of 26 patients underwent ultrasound scor
ing (44). A lower (more  favorable) ultrasound score was asso
ciated with higher unstimulated salivary flow rate (r = –0.68; 
P < 0.01), but no direct comparisons were made between ritux
imab and the placebo arms. Ultrasonography may be helpful in 
differentiating active inflammation (which appears hypoechoic 
with increased Doppler signal) from previous damage (repre
sented by hyperechogenicity). Current research is also investigat
ing biomarkers in tears and saliva to measure disease activity. 
An emphasis on objective outcome measures, as well as subse
quent consequences (such as occurrence of dental caries, ocular 
infections, and corneal ulcers) may show more accurate markers 
in longstanding disease.

Our study demonstrated higher serious AEs in the treat
ment groups than against placbo, especially with the biologics. 
On the other hand, the biologics also provided the most benefit 
in achieving an objective outcome of unstimulated salivary flow. 
Further studies are needed in primary SS to incorporate patients 
with potential symptom reversibility/improvement, with objective 
and subjective outcomes that are important to patients and that 
are clinically relevant and sensitive to change, and with a larger 
sample size and a longer disease duration. In early disease, symp
toms may be more likely to improve. In more established SS, there 
could be attenuated benefits, especially if active inflammation is 
not present and if antiinflammatory/immune modulatory drugs 
are being used. There may be an analogy to RA, where patients 
with early disease respond better in general compared to those 
patients with longstanding disease, and damage is not reversible 
in RA.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23917/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23917/abstract
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Current studies do not demonstrate a consistent benefit in 
xerostomia and xerophthalmia with any individual immunomodu
latory drug. Meta analyses suggest that reducing immune activity 
potentially improves salivary gland function. Given the paucity of 
data regarding objective clinical measures, there is further need 
to establish outcomes that are sensitive to change to accurately 
reflect alterations in disease activity. Standardization of such out
comes across studies may then allow for precise comparisons in 
future studies, especially with rational inclusion criteria of the study 
population with respect to disease duration.
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Long- Term Spinal Mobility in Ankylosing Spondylitis: 
A Repeated Cross- Sectional Study
Björn Sundström,1  Lotta Ljung,2 Kristina Hörnberg,1  and Solveig Wållberg-Jonsson†

Objective. To evaluate the course of impaired spinal mobility in patients with long- standing well- defined ankylosing 
spondylitis (AS).

Methods. Data from 232 patients with AS (186 men, 46 women) and 3,849 clinical measurements performed 
between February 1980 and June 2016 were analyzed. Lateral spinal flexion (LSF), the 10- cm Schober test, chest 
expansion (CE), and cervical rotation measurements were stratified by disease duration at 10- year intervals and 
compared with published age-  and height- adjusted spinal mobility reference intervals as well as with fixed reference 
values commonly used in clinical practice.

Results. After 10 years of AS, most patients exhibited at least 1 measurement, most commonly LSF, that was under 
the 2.5th percentile of the adjusted reference interval (53% of men, 65% of women). In all measurements except CE, 
there were significant linear increases in the proportion of patients during 40 years of disease duration who exhibited 
impaired mobility. Measured LSF values <2.5th percentile (mean 14.8 cm) after 10 years were associated with further 
spinal mobility impairments later in the disease course. Fixed reference values yielded higher proportions of patients 
with impaired mobility compared with adjusted reference intervals.

Conclusion. Impaired spinal mobility in AS is common after a 10- year disease duration. LSF below the 2.5th 
percentile at 10 years appeared to be associated with a worse prognosis. Fixed reference values overestimated 
spinal mobility impairments in AS and should be avoided.

INTRODUCTION

Decreased spinal mobility is a hallmark of ankylosing 
spondylitis (AS), which, together with structural changes in 
the sacroiliac joints, forms the basis for the standard disease 
classification criteria, i.e., the modified New York criteria (1). 
Decreased spinal mobility is due to inflammatory lesions, which 
result in pain and eventually in ossification of ligaments and 
fusion of spinal vertebrae (2,3). Impaired spinal mobility usually 
presents first in the lumbar spine and is most apparent in lat-
eral spinal flexion (LSF) measurement (4). Because decreased 
spinal mobility is a characteristic hallmark of and a predictor for 
poor prognosis in AS (5), decreased spinal mobility is regarded 
as a central feature in AS and is included in the core set of 
domains as defined by the Assessment of SpondyloArthritis 
international Society (6,7).

Since the decrease of spinal mobility in AS is a slow process 
that progresses over decades, investigations on spinal mobility 
over time are scarce and have been performed mainly in older 
studies (8,9). Mobility decreases with age not only among indi-
viduals with AS but also among healthy individuals, where up to 
a 52% decrease in spinal mobility with increasing age has been 
described (10,11). Despite the fact that age and other factors 
affect the normal range of spinal mobility, the use of fixed refer-
ence values that are not adjusted is common when evaluating 
spinal mobility in AS in clinical practice. In contrast, adjusted refer-
ence intervals for spinal mobility measurements have been derived 
from healthy individuals (12). These reference intervals enhance 
the quality of spinal mobility assessments during the course of the 
AS disease.

In our department, spinal mobility measurements in patients 
with AS, who were diagnosed according to the modified New 
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York criteria (1), have been performed as part of the clinical routine 
for nearly 4 decades; thus we have extensive data that are useful 
in investigating the development of impaired mobility of the spine. 
This repeated cross- sectional study aimed to evaluate the preva-
lence of impaired spinal mobility in a large number of patients with 
long- standing AS, using the adjusted reference intervals and to 
investigate whether impaired LSF in early- stage AS is associated 
with impaired spinal mobility later in the disease course. Further-
more, we aimed to compare the performance of the commonly 
used fixed reference values with performance of the adjusted ref-
erence intervals.

PATIENTS AND METHODS

Study area and settings. In the county of Västerbotten 
in northern Sweden, which has a total population of approxi-
mately 260,000, all patients with a diagnosis of AS are offered 
treatment and regular assessments, including spinal mobil-
ity measurements, at the Department of Rheumatology at 
University Hospital of Umeå, which is the only rheumatologic 
care unit in the county. Spinal measurements are performed 
annually by physical therapists using a standardized proto-
col, although the interval may be extended in patients with 
slow progression. Patients are also offered rehabilitation when 

needed, and as part of rehabilitation evaluation, spinal meas-
urements are usually performed at the beginning and at the 
end of the rehabilitation period.

Study population and design. Medical records at the 
department between May 2002 and May 2013 were investigated, 
and 250 patients were identified. Participants were born in 1937 
onward and had a verified diagnosis of AS according to the mod-
ified New York criteria (1), with a known time point of the onset of 
AS symptoms, i.e., disease onset. For 232 patients, ≥1 visit with 
spinal mobility measurements could be obtained from February 
1980 to June 2016.

The measurements have varied slightly over the years and 
were partly, but not completely, overlapping with the measure-
ments using reference intervals published by Ramiro et  al (12). 
Data for LSF, the 10- cm Schober test (10ST), chest expansion 
(CE), sitting cervical rotation (CR), and intermalleolar distance 
(IMD) were available. Some values of less clinical interest have not 
always been registered, e.g., cervical mobility in young patients 
without cervical mobility restriction or spinal mobility among 
older patients with a long history of no measurable mobility due 
to bamboo spine. IMD had not been measured routinely, partly 
because measurement in the small examination rooms was diffi-
cult to perform and uncomfortable for the patient (13), and partly 
because translated instructions for the measurement were not 
available in Sweden before the year 2002. Consequently, data on 
IMD were missing in 3,277 of 3,849 visits with measurements; 
thus, IMD was excluded from further analysis.

The cutoff for impaired spinal mobility using the adjusted ref-
erence intervals was set to <2.5th percentile, and for the fixed 
reference values, the cutoff values described in literature were 
used, such as 10ST <5 cm and CE <5 cm (14). Comparisons 
were also performed with fixed reference values commonly used 
in clinical practice in Sweden, i.e., 10ST <4 cm, LSF <15 cm, CE 
<6 cm, and CR <80º. Disease duration was defined as the differ-
ence in years between the reported time point of symptom onset 
and the measurement date. The measurement closest to 10, 20, 

SIGNIFICANCE & INNOVATIONS
• Spinal mobility was impaired after 10 years of 

disease, and this impairment increased linear-
ly throughout the study period, spanning over 40 
years.

• Impaired lateral spinal flexion at 10 years of anky-
losing spondylitis disease duration was associated 
with a worse prognosis.

• The fixed reference values that are commonly used 
in clinical practice overestimated the proportion of 
patients with ankylosing spondylitis who have im-
paired spinal mobility.

Table 1. Characteristics of 232 patients with ankylosing spondylitis*

Characteristic
All 

(n = 232)
Men 

(n = 186)
Women 
(n = 46)

Year of symptom onset, no. (%)
1950–1969 25 (11) 16 (9) 9 (20)
1970–1989 137 (59) 109 (59) 28 (61)
1990–2010 70 (30) 61 (33) 9 (20)

Age at onset of symptoms, years 23.5 ± 7.4 24.1 ± 7.6 21.4 ± 5.7
Age at first available measurement, years 38.3 ± 11.3 38.0 ± 11.4 39.9 ± 11.0
Age at last available measurement, years 53.1 ± 12.5 52.5 ± 12.8 55.5 ± 11.0
Time between disease onset and first 

measurement, years
14.8 ± 10.0 13.9 ± 9.8 18.5 ± 10.3

Disease duration at last measurement, years 29.5 ± 12.0 28.4 ± 11.9 34.1 ± 11.5
Number of measurements/patient 16.6 ± 12.8 16.4 ± 12.6 17.4 ± 13.7
Number of measurements/year 1.20 ± 0.61 1.22 ± 0.62 1.15 ± 0.54

* Values are the mean ± SD unless indicated otherwise. 
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30, and 40 years, but within ± 5 years, of the disease duration for 
each individual, or all measurements in the corresponding time 
periods (5–15, >15–25, >25–35, and >35–45 years of disease 
duration) regardless of patient (each patient could contribute sev-
eral measurements within each interval) were used in the analyses. 
The measurements were compared to adjusted reference inter-
vals (12) and to fixed reference values. In the time period of 5–45 
years of disease duration, 229 patients had ≥1 visit with mea-
surements. To assess the development of impaired spinal mobility 
over time, the patients with an LSF measurement after 10 years of 
disease duration and ≥1 spinal measurement after 20–45 years of 
disease duration (n = 79) were analyzed. The study was approved 
by the Regional Ethics Committee at the University Hospital and 
was performed in accordance with the Declaration of Helsinki. 
Informed consent was obtained from all subjects in accordance 
with the Regional Ethics Committee approvals.

Statistical methods. For patients without data on height 
(12 men and 1 woman), the average for the Swedish popula-
tion (men: 178 cm; women: 165 cm) was used. To compensate 
for missing data on CE and CR when normal values could be 
expected, i.e., when the LSF was normal (defined as an LSF 
value >2.5th percentile of the adjusted reference intervals), data 
for CE and CR were imputed by replacing missing values with 
the median values for an age- adjusted normal population accord-
ing to previously published reference centile charts (12) (imputing 
169 and 383 values, respectively). Remaining missing data on spi-
nal mobility were imputed using a regression model based on the 

equations for reference intervals for spinal mobility among healthy 
individuals, applied to available measurements for each patient, 
imputing 465 missing measurements for LSF, 522 for 10ST, 225 
for CE, and 440 for CR. In the statistical analyses, unpaired and 
paired t- tests as well as chi- square and McNemar’s tests were 
used as appropriate. To evaluate linear trends of the increasing 
proportion of impaired mobility, a chi- square P value was calcu-
lated using the PTREND Stata module for trend analysis for pro-
portions. All statistical calculations were performed with Stata 
software, version 13.1. A 2- tailed P value less than or equal to 
0.05 when comparing men and women and a 1- tailed P value 
less than or equal to 0.05 when evaluating the development of 
impaired spinal mobility in pairwise comparisons were considered 
statistically significant.

RESULTS

A total of 3,849 measurements from 232 patients were eval-
uated, with a mean of 16.6 (range 1–65) measurements/patient 
and a mean of 1.2 (range 0.2–5.1) measurements per year of 
follow- up (Table 1). The mean disease duration at the last avail-

able measurement was 29.5 (range 3–59) years.
In the studied group, spinal mobility was lower than the ref-

erence values for a corresponding healthy population on all eval-
uated parameters (Figure  1). This finding was most evident in 
LSF measurement, where the mean value of the studied group 
was <2.5th percentile at all studied time points, and least pro-
nounced in CE measurement. In absolute numbers, there was a 

Figure 1. Box plot of spinal mobility among 229 patients with AS plotted against reference intervals for a corresponding healthy population. Whiskers 
denote the 2.5th and 97.5th percentiles of the studied population. Lines inside the boxes represent the median, and circles represent outliers.
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decrease of the mean spinal mobility compared to the adjusted 
reference intervals over time on all parameters except for CE after 
40 years of disease. Similar patterns were observed when evalu-
ating all available measurements in the defined time periods (see 
Supplementary Figure 1, available on the Arthritis Care & Research 
web site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.23929/ 
abstract) or when analyzing data without replacing missing values 
(see Supplementary Figure 2, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.23929/ abstract).

The proportion of patients with impaired spinal mobility 
defined by the adjusted reference intervals increased with increas-
ing disease duration for 10ST, LSF, and CR (P for trend = 0.048, 
0.006, and 0.009, respectively), but not for CE (P = 0.491) 
(Table 2). No statistically significant differences when comparing 
the proportions of men and women with impaired spinal mobility 
were observed. Regarding spinal mobility in absolute numerical 
values, a significant difference between men and women was 
observed in 10ST after 30 years of disease (see Supplementary 
Table 1, available on the Arthritis Care & Research web site at 

http://onlin elibr ary.wiley.com/doi/10.1002/acr.23929/ abstract).
Generally, the proportion of measurements exhibiting impaired 

spinal mobility increased over time in relation to both the adjusted 
reference intervals and the fixed reference values, with the excep-
tion of CE, for which only 8% of the measurements exhibited val-
ues <2.5th percentile after 35 to 45 years of disease (Table 3). 
The use of fixed reference values yielded higher  proportions of 

patients with impaired spinal mobility compared with the use of 
adjusted  reference  intervals. This finding was most notable for CE 
after 40 years of disease, where only 8% of the measurements 
with AS were classified as impaired using the 2.5th percentile as 
cutoff; using fixed reference values with a cutoff at 5 and 6 cm, 
52% and 74% of the measurements, respectively, were classified 

as impaired.
When comparing patients with normal or impaired LSF 

(defined by the adjusted reference intervals, the mean value of the 
2.5th percentile = 14.8 cm) after 10 years of disease, patients with 
impaired LSF subsequently exhibited both worse absolute mobil-
ity and more frequently impaired mobility in all measurements after 

a mean ± SD of 30.0 ± 5.8 years of disease (Table 4).

DISCUSSION

In this study, we showed that impaired spinal mobility is com-
mon among individuals with AS after 10 years of disease, and that 
such impairment progressed during 4 decades, with only marginal 
differences between men and women. Although spinal mobility is 
impaired early in the disease course, it is important to note that the 
impairment among the majority of patients means mobility restric-
tion only, and not a total absence of mobility. This fact can be illus-
trated by the use of adjusted reference intervals, which resulted 
in a mean cutoff for abnormal LSF at 10 years of disease of 14.8 
cm. An LSF mobility just below 14.8 cm exceeds by far what we 

Table  2. Proportions of patients with ankylosing spondylitis exhibiting impaired spinal mobility at various disease 
durations*

10 years 
(men: n = 112; 
women: n = 20)

20 years 
(men: n = 129; 
women: n = 30)

30 years 
(men: n = 110; 
women: n = 34)

40 years 
(men: n = 56; 

women: n = 22)
P for 

trend†
10- cm Schober test

All 41 46 48 55 0.048
Men 39 48 52 61 0.006
Women 50 37 35 41 0.562

Lateral spinal flexion
All 55 66 68 73 0.006
Men 53 67 67 71 0.013
Women 65 63 71 77 0.348

Chest expansion
All 8 9 8 5 0.491
Men 7 11 10 5 0.893
Women 11 3 0 5 0.258

Cervical rotation
All 25 41 44 41 0.009
Men 26 41 45 39 0.035
Women 18 38 42 45 0.086

Any measure
All 66 80 78 81 0.030
Men 64 79 77 80 0.016
Women 81 80 76 82 0.889

* Values are the percentage unless indicated otherwise. The percentages correspond to the proportion of individuals with 
impaired spinal mobility in each measurement, which was defined as a measured value <2.5th percentile of the adjusted 
reference intervals for a healthy population (ref. 12). No significant differences between men and women were found for 
any measurements at any time point. 
† P value by chi-square test for linear trend of the increasing proportion of individuals with impaired spinal mobility. 
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http://onlinelibrary.wiley.com/doi/10.1002/acr.23929/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23929/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23929/abstract
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see among individuals with classic bamboo- spine advanced AS 
and may be mistaken for normal in clinical practice, unless mobil-
ity is appropriately measured and judged according to correct 
reference intervals. The importance of correct measurement and 
assessment of spinal mobility is further highlighted by our finding 
that impaired LSF early in the disease course is a prognostic factor 
for further loss of spinal mobility.

The high proportion of patients exhibiting impaired spi-
nal mobility after 10 years, with a rather slow deterioration, is 
of interest. The impaired spinal mobility might be due to either 
1 or both of 2 factors: the progression of structural changes 
(as observed in radiographic examinations), and pain and mus-
cular spasm due to inflammation (15–17). Pain and muscular 
spasm may be the predominant factors causing impairment in 

early- stage AS, while structural changes become increasingly 
important for the measured mobility in the later stages of the 
 disease.

Fixed reference values, which are frequently used in the clinic 
setting and are not adjusted for age, could introduce a major risk 
of misclassifying normal spinal mobility. When applying the fixed 
reference values to our data and comparing their results with those 
of our adjusted reference intervals, the risk of misclassification was 
obvious. This observation was most notable for CE, where a sig-
nificantly higher proportion of the measurements were classified as 
impaired when using the fixed reference value compared with that 
found when using the 2.5th percentile. Interpreting the reference 
charts published by Ramiro et al (12) reveals that half of the normal 
population age 45 years and more than one- third of those age 25 

Table 3. Proportions of all available measurements exhibiting impaired spinal mobility using the adjusted as well as fixed 
reference values*

All 
measurements 

(n = 3,849)

Disease duration, years

5–15 
(n = 851)

>15–25 
(n = 1,158)

>25–35 
(n = 1,061)

>35–45 
(n = 504)

10- cm Schober test
Adjusted reference interval† 53 49 54 55 53
Fixed reference value‡ 85§, 63§ 81§, 57¶ 85§, 63§ 87§, 66§ 88§, 67§

Lateral spinal flexion
Adjusted reference interval† 70 67 69 72 74
Fixed reference value‡ 81§ 67 81§ 88§ 90§

Chest expansion
Adjusted reference interval† 8 8 9 6 8
Fixed reference value‡ 41§, 60§ 32§, 46§ 41§, 59§ 42§, 66§ 52§, 74§

Cervical rotation
Adjusted reference interval† 41 31 43 43 48
Fixed reference value‡ 93§ 85§ 94§ 98§ 99§

Any measurement
Adjusted reference interval† 81 76 84 81 83
Fixed reference value‡ 99§ 98§ 99§ 99§ 100§

* Values are the percentage. 
† Defined as the proportion of measurements with a measured value <2.5th percentile of the adjusted reference intervals for a 
healthy population (ref. 12). 
‡ Defined as the proportion of patients with 10- cm Schober test <5 cm and <4 cm; lateral spinal flexion <15 cm; chest expansion 
<5 cm and <6 cm; and cervical rotation <80º; the presence of ≥1 of these measurements indicates impaired spinal mobility. 
§ P < 0.001; denotes a significant difference from the proportions identified with adjusted reference intervals. 
¶ P < 0.01. 

Table 4. Last available spinal mobility measures among 79 patients with ankylosing spondylitis stratified according to lateral spinal 
flexion status after 10 years of disease*

Lateral spinal 
flexion, after 10 
years of disease

Lateral spinal flexion, 
after 20–45 years of 

disease

10- cm Schober test, 
after 20–45 years of 

disease

Chest expansion, 
after 20–45 years of 

disease

Cervical rotation,  
after 20–45 years of 

disease

Cm
Percent of 
expected Cm

Percent of 
expected Cm

Percent of 
expected Degrees

Percent of 
expected

Normal (n = 35) 12.9 ± 4.2 72 ± 21.6 3.7 ± 1.6 75 ± 32.7 5.8 ± 1.9 87 ± 30.2 57.8 ± 18.4 80 ± 25.5
Impaired (n = 44) 7.5 ± 4.4† 42 ± 23.5† 2.9 ± 1.7‡ 59 ± 34.1‡ 4.5 ± 1.7† 71 ± 27.8§ 46.6 ± 21.2§ 58 ± 30.8§

* Values are the mean ± SD. Both normal and impaired were defined as a measured value <2.5th percentile of the adjusted reference 
intervals for a healthy population (ref. 12). The percent of expected mean was defined as the median value for a corresponding healthy 
individual. 
† P < 0.001. 
‡ P < 0.05. 
§ P < 0.01. 
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years would be classified as having an impaired 10ST using the 
fixed reference value of 5 cm, indicating a rather low specificity.

The lack of specificity when using fixed reference values 
supports the need for better tools for an accurate identification 
of impaired spinal mobility early in the disease course. The com-
plexity of using adjusted reference intervals in clinical practice 
could be overcome with information technology, by calculating 
adjusted reference values in the electronic patient records or in 
the reporting to the national quality registers, such as the Swedish 
Rheumatology Quality register (18). The need for better tools was 
emphasized, because we could confirm the previously published 
finding that LSF is impaired early in the disease course (4) and in 
turn is associated with later impairment of spinal mobility in other 
segments of the spine as well.

One of the major strengths of this study was the vast 
amount of data on spinal mobility from patients with a well- 
defined AS disease and the time period covered in this study. 
Moreover, in other counties in Sweden, patients with mild 
disease are usually referred to primary care, and only those 
with severe disease manifestations are handled by special-
ists. In our county, all patients with AS are offered follow- up 
by physical therapists at the Department of Rheumatol-
ogy; thus, our data comprised 4 decades of examinations 
on spinal mobility. Nonetheless, there might still be a risk 
for a selection bias toward more severely affected patients  
and toward men, because we use inclusion criteria requiring  
radiographic changes, known to be less often present in early 
disease and among women (1). A limitation of the study is the 
lack of adjustments for pharmacologic therapy or physical ther-
apy, which may have affected the outcome. However, address-
ing this possibility would require a longitudinal inception cohort 
design, which in this patient population, with 4 decades of clini-
cal examinations, was not feasible. Long- term inception cohorts 
of patients with AS are difficult to follow, because such a study 
usually requires the patients to be residing in the same area for 
decades. In our population, several patients had been moving 
out from the county, e.g., university students who got their AS 
diagnosis during their education. We also observed that patients 
with a long- standing disease moving into the region consider-
ably increased the time between onset of symptoms and the 
first available measurement. Lastly, mobility has been assessed 
by several observers under the long period studied. However, 
since the performed measurements have been concluded 
to have adequate interrater and intrarater reli ability, as well  
as validity (19,20), and because the measurements have been 
performed by trained physical therapists specialized in rheu-
matologic care, this limitation should not have had any major 
impact on the results.

In conclusion, impaired spinal mobility in AS is common 
after 10 years of disease, and spinal mobility continues to 
deteriorate in the succeeding decades. Early impairment of 
spinal mobility, although often limited in absolute numbers, 

is associated with a worse prognosis. The use of age-  and 
height- adjusted reference intervals could significantly improve 
spinal mobility assessment during the course of AS disease. 
The use of fixed reference values lacks precision, overes-
timates the proportion with impaired spinal mobility in AS, 
and must be used with extreme caution, or should preferably 
be avoided.
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Birth Outcomes and Disease Activity During Pregnancy in a 
Prospective Cohort of Women With Psoriatic Arthritis and 
Ankylosing Spondylitis
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Objective. To add to data on adverse birth outcomes accounting for disease activity in women with psoriatic 
arthritis (PsA) and ankylosing spondylitis (AS).

Methods. Data were analyzed from women enrolled in the Organization of Teratology Information Specialists 
Autoimmune Disease Project from 2004 to 2018. Disease activity was measured according to the Health Assessment 
Questionnaire (HAQ) or Routine Assessment of Patient Index Data 3 (RAPID3) scores. Poisson regression was used 
to estimate adjusted risk ratios (ARRs) with 95% confidence intervals (95% CIs) for selected adverse pregnancy 
outcomes.

Results. Compared to healthy controls (n = 717), women with PsA (n = 117) were at increased risk for moderate 
preterm delivery (32–36 weeks’ gestation) (ARR 1.81, 95% CI 1.01–3.26), oligohydramnios (ARR 3.79, 95% CI 
1.34–10.74), and cesarean delivery (ARR 1.63, 95% CI 1.26–2.12). Women with AS (n = 129) had an increased risk 
of delivering infants requiring intensive care (ARR 1.67, 95% CI 1.05–2.67). A high HAQ score at 32 weeks was 
associated with preterm delivery in women with PsA (ARR 3.82, 95% CI 1.51–9.67). In women with AS, a high RAPID3 
score was associated with cesarean delivery (ARR 5.82, 95% 1.06–31.78), and second trimester glucocorticoid use 
was associated with preterm delivery (ARR 4.41, 95% CI 1.57–12.41).

Conclusion. Women with PsA and AS have increased risk for selected adverse pregnancy outcomes. Active 
disease and use of glucocorticoids may increase the risk for some adverse pregnancy outcomes in women with these 
conditions.

INTRODUCTION

Psoriatic arthritis (PsA) and ankylosing spondylitis (AS) are 
chronic inflammatory conditions that often affect men and women 
at a younger age than other rheumatic conditions. Many of the 
women affected by these conditions are of childbearing age and 
consider planning a family. Unfortunately, data are lacking on 
pregnancy outcomes, often making it difficult for rheumatologists 
and obstetricians to counsel their patients effectively.

To our knowledge, only 1 prospective cohort study dedi-
cated to pregnant women with PsA that analyzed disease activity 
in pregnancy exists in the literature (1). The results were  generally 
encouraging, with overall disease activity improving during preg-

nancy, although worsening postpartum. Previous case series 
and retrospective analyses regarding disease activity of PsA dur-
ing pregnancy have not been consistent, with some reporting 
improvement and others reporting either no change or worsening 
disease activity during pregnancy (2–4). There are currently no 
prospective cohort studies in the literature assessing the risk for 
adverse pregnancy outcomes in PsA alone.

There is 1 major population- based case–control study ded-
icated to pregnancy outcomes in AS (5). This Swedish study 
included 301 pregnant women with AS and 1,082 controls and 
found a higher risk for preterm birth, both moderate preterm 
(32–36 weeks) and very preterm (<32 weeks), as well as higher 
rates of cesarean deliveries, both emergent and elective, among 
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women with AS compared to controls (5). Another, smaller case–
control study found no increased risk for adverse pregnancy out-
comes among 20 women with AS and 40 controls (6), and a small 
prospective cohort analyzed by Østensen and Husby in 1983 
found no adverse pregnancy outcomes among 13 women with 
AS compared to 31 controls (7). Two previous Norwegian cohort 
studies found an increased risk for cesarean deliveries, growth 
restriction, and preterm birth among women with chronic arthritis, 
of which AS was only a small component and not analyzed sepa-
rately (8,9). The goal of our prospective cohort trial is to add to the 
very limited amount of robust data on pregnancy outcomes and 
disease activity in these 2 chronic inflammatory diseases.

MATERIALS AND METHODS

Source of the sample. Data were obtained from the 
Organization of Teratology Information Specialists (OTIS) Autoim-
mune Disease in Pregnancy Project, a prospective cohort study 
among women in the US and Canada. Participants were recruited 
from pregnant women who initiated contact with an OTIS service 
by telephone. Mail, professional meetings, social media, and the 
OTIS MotherToBaby study web site were also used to recruit 
participants through direct marketing to health care professionals 
and specialists. Women were eligible for the cohort study if they 
enrolled before 20 weeks’ gestation and had not enrolled with 
a previous pregnancy. Delivery of at least 1 live- born infant and 
enrollment in the study between 2004 and 2018 were the eligi-
bility criteria for analysis. The protocol was approved by the insti-
tutional review board at the University of California, San Diego. 
Women in the study provided oral consent for interview data and 
written consent for release of medical records.

Study design and data collection. Women who con-
sented to participate were interviewed by telephone 2 to 3 times 
during pregnancy using a standard questionnaire about their 
personal medical history, prescription and nonprescription med-

ication exposures during pregnancy, history of previous preg-
nancies, family medical history, prepregnancy body mass index 
(BMI), and socioeconomic and demographic characteristics of 
the woman and her partner. Exposure history included start and 
stop dates of each prescription and over- the- counter medica-
tion, as well as indications, dosage changes and frequencies, 
use of caffeine, dietary supplements, occupational exposures, 
infections, prenatal testing or other medical procedures, and 
use of recreational drugs, tobacco, and alcohol.

Birth outcomes were obtained using a standard interview 
form completed by telephone shortly after delivery. Women were 
asked about exposure information during pregnancy, gestational 
age at delivery, mode of delivery, and any pregnancy complica-
tions. Medical records from the prenatal care provider, delivery 
hospital, any specialty providers that managed the woman’s care 
in pregnancy, and the pediatrician were collected, and data were 
abstracted for additional exposure and outcome information, 
including validation of maternal self- report of autoimmune dis-
ease diagnosis. If a discrepancy existed between information in 
the medical record and maternal report, the data from the medical 
record were used in the analysis.

Classification of exposure groups. Inflammatory dis-
eases considered in the analysis included PsA and AS. Maternal 
report was used to classify maternal autoimmune disease and 
was validated by medical record. Women who were enrolled in 
the study, who met criteria for inclusion in this analysis, and who 
had no history of any autoimmune diseases or any other chronic 
disease were selected as a comparison cohort.

Medication treatments for autoimmune diseases were 
grouped by class and defined as treatment at any dose for any 
length of time in pregnancy. The specific classes of medications 
considered included nonbiologic disease- modifying antirheumatic 
drugs (DMARDs), biologic DMARDs, oral glucocorticoids, and 
nonsteroidal antiinflammatory drugs (NSAIDs).

Disease activity for exposed subjects was documented at 
intake and 32 weeks’ gestation using patient- reported assess-
ments, including the Health Assessment Questionnaire (HAQ) 
(scale 0–3), as well as pain score and patient global disease 
activity assessment (scale 0–100). The pain and patient global 
scores were each divided by 10 for a range of 0–10. These 
3 markers of disease activity were then added together to 
calculate the cumulative Routine Assessment of Patient Index 
Data 3 (RAPID3) score, with resulting values ranging from  
1 to 30, with active disease defined as RAPID3 score ≥7 (10). 
Active disease according to the HAQ was defined as a score 
of >0.5.

Covariates and outcomes. Baseline covariates consid-
ered in the analysis included the following: maternal age in years at 
the estimated due date, parity at the time of conception, prepreg-
nancy BMI, maternal race, tobacco use, prior adverse pregnancy 

SIGNIFICANCE & INNOVATIONS
• Pregnancy outcomes are generally favorable for 

women with psoriatic arthritis (PsA) and ankylosing 
spondylitis (AS). Disease activity remains relatively 
stable over pregnancy in both conditions.

• High disease activity in pregnancy may increase the 
risk for preterm labor and preterm delivery among 
women with PsA and for preterm labor and cesar-
ean delivery among women with AS.

• Use of glucocorticoids later in pregnancy may in-
crease the risk for preterm delivery in AS, inde-
pendent of disease activity.

• Controlling disease activity and minimizing use of 
glucocorticoids may contribute to better obstetric 
outcomes among women with these conditions.
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Table 1. Maternal characteristics and exposures among women with psoriatic arthritis (PsA) and ankylosing spondylitis (AS) compared 
to women without inflammatory arthritis in the Organization of Teratology Information Specialists cohort, 2004–2018 (n = 963)*

Comparison group 
(n = 717)

PsA 
(n = 117) P†

AS 
(n = 129) P†

Maternal age at estimated due date,  
 mean ± SD years

32.20 ± 4.94 34.3 ± 5.2 <0.001‡ 32.6 ± 5.0 0.379

Prepregnancy BMI, mean ± SD kg/m2 24.48 ± 5.72 27.0 ± 6.1 <0.001‡ 24.3 ± 4.9 0.688
Maternal weight gain during pregnancy,  

 mean ± SD kg
14.52 ± 5.94 13.8 ± 6.6 0.249 14.6 ± 6.3 0.964

Race§
White 541 (75.5) 104 (89.7) 0.263 112 (86.8) 0.354
Black 43 (6.0) 3 (2.6) – 6 (4.7) –
Asian/Pacific Islander 35 (4.9) 6 (5.2) – 4 (3.1) –
Native American 8 (1.1) 2 (1.7) – 1 (0.8) –
Other 21 (2.9) 1 (0.9) – 1 (0.8) –

SES¶
High score (1–3) 592 (86.9) 109 (94.8) 0.016‡ 123 (96.1) 0.003‡

Obstetric history
Primigravid 247 (34.4) 43 (36.8) 0.628 66 (51.2) <0.001‡
Parity, ≥2 139 (19.4) 24 (20.5) 0.776 13 (10.1) 0.011‡
Prior SAB, ≥3 15 (2.1) 8 (6.8) 0.009‡ 2 (1.6) 1.000
Prior TAB, ≥1 77 (10.7) 12 (10.3) 1.000 16 (12.4) 0.578
Prior preterm delivery 58 (8.1) 6 (5.1) 0.265 6 (4.7) 0.174
Prior preeclampsia 22 (3.1) 6 (5.1) 0.265 4 (3.1) 1.000

Comorbid pregestational conditions
Asthma 0 (0) 9 (7.7) <0.001‡ 32 (24.8) <0.001‡
Thyroid dysfunction 67 (9.3) 14 (12.0) 0.375 15 (11.6) 0.420
Diabetes mellitus (type 1 and 2) 0 (0) 2 (1.7) 0.020‡ 3 (2.3) 0.003‡
Hypertension 12 (1.7) 11 (9.4) <0.001‡ 7 (5.4) 0.017‡
Depression 42 (5.9) 26 (22.2) <0.001‡ 21 (16.3) <0.001‡
Anxiety or other psychiatric illness 41 (5.7) 16 (13.7) 0.002‡ 17 (13.2) 0.002‡

Tobacco use, any in pregnancy 26 (3.6) 14 (12.0) <0.001‡ 12 (9.3) 0.004‡
Alcohol use, any in pregnancy 292 (40.7) 62 (53.0) 0.013‡ 62 (48.1) 0.120
Other autoimmune diseases

Additional diagnosis of seronegative SpA NA 5 (4.3) – 1 (0.8) –
Psoriasis NA 90 (76.9) – 10 (7.8) –
Inflammatory bowel disease NA 2 (1.7) – 7 (5.4) –
Other connective tissue disease# NA 2 (1.7) – 1 (0.8) –

Disease characteristics
Years since diagnosis, mean ± SD** NA 7.8 ± 6.8 – 6.1 ± 4.9 –

Active disease at enrollment††
HAQ score NA 23 (22.3) – 38 (34.5) –
RAPID3 score NA 42 (40.8) – 54 (49.1) –

Medication use anytime during pregnancy
Biologic DMARDs NA 102 (87.2) – –

First trimester NA 94 (80.3) – 101 (78.3) –
Second trimester‡‡ NA 72 (62.1) – 80 (63.0) –
Third trimester§§ NA 72 (62.6) – 75 (59.1) –

DMARDs NA 14 (12.0) – 10 (7.8) –
NSAIDs NA 20 (17.1) – 31 (24.0) –
Glucocorticoids NA 38 (32.5) – 49 (38.0) –

* Values are the number (%) unless indicated otherwise. BMI = body mass index; SES = socioeconomic status; SAB = spontaneous abortion; 
TAB = terminal abortion; SpA = spondyloarthropathy; NA = not applicable; HAQ = Health Assessment Questionnaire; RAPID3 = Routine 
Assessment of Patient Index Data 3; DMARDs = disease- modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs. 
† P values calculated by t- test for continuous variables and chi- square test for categorical variables. Fisher’s exact test was used for cells 
with expected count of <5. 
‡ Significant. 
§ Data missing for 1 subject with PsA, 5 subjects with AS. 
¶ SES defined by Hollingshead categories. Data missing for 2 subjects with PsA, 1 subject with AS. 
# Defined as lupus, antiphospholipid syndrome, Sjögren’s syndrome, or undifferentiated. 
** Data missing for 2 subjects with PsA. 
†† Active disease defined by HAQ score >0.5 and RAPID3 score ≥7. Disease activity measures data missing for 14 subjects with PsA, 19 
subjects with AS. 
‡‡ Data missing for 1 subject with PsA, 2 subjects with AS. 
§§ Data missing for 2 subjects with PsA, 2 subjects with AS. 
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outcomes such as preterm delivery, preeclampsia, or intrauterine 
growth restriction, comorbid conditions such as thyroid dysfunc-
tion, diabetes mellitus types 1 and 2, asthma, or hypertension, 
and socioeconomic status (SES) as defined by Hollingshead cat-
egories (11).

Pregnancy outcomes considered in the analysis included 
the following obstetric complications: preeclampsia, pregnancy- 
induced hypertension, placenta previa and/or placental abruption, 
gestational diabetes mellitus, fever anytime during pregnancy, 
oligo hydramnios, and preterm labor. Fever during pregnancy was 
defined to include any documented fever over the course of the 
pregnancy, and preterm labor was defined as the onset of labor 
prior to 37 weeks’ gestation. Preterm delivery as an outcome 
was defined as delivery at <37 completed weeks’ gestation 
regardless of mode of delivery or indication. Moderate preterm 
delivery was defined as 32 weeks to <37 weeks’ completed 
gestation. Very preterm delivery was defined as delivery at <32 
weeks’ completed gestation. Early term was defined as delivery 
at <39 weeks and at least 37 weeks’ completed gestation. Multi-
ple pregnancy was defined as twin or higher order multiple with 
>1 fetus identified during prenatal care, regardless of whether all 
fetuses resulted in live births. In the cases of multiple gestation 
pregnancy, only the infant with the most severe outcome was 
included for analysis. Low birth weight (LBW) was defined as 
infant weight <2,500 gm, and very low birth weight (VLBW) was 
defined as <1,500 gm. Additional pregnancy outcomes included 
delivery by cesarean delivery and infant hospitalization in the neo-
natal intensive care unit (NICU) for any duration of time.

Statistical analyses. Maternal and obstetric characteris-
tics were compared among those with inflammatory disease to 
those in the comparison group using 2- tailed univariate compar-
isons, with Student’s t- test for continuous variables and Fisher’s 
exact test or chi- square tests for categorical variables, depending 
on the cell size. Poisson regression with robust SEs was utilized to 
calculate unadjusted risk ratios, multivariable adjusted risk ratios 
(ARRs), and 95% confidence intervals (95% CIs) for obstetric out-
comes and pregnancy complications among women with PsA 
and AS versus women in the comparison group. Multivariable 
adjustment was made for maternal factors including age, white 
race, high SES, prepregnancy BMI, smoking, parity, preexist-
ing medical disease, and previous adverse pregnancy outcome. 
Poisson regression with robust SEs was then utilized to determine 
the effect of active disease at intake and at 32 weeks, as defined 
by the HAQ or RAPID3, on those pregnancy outcomes that were 
found to be of significantly higher risk in the autoimmune condi-
tions as compared to controls. Additional analysis was performed 
to determine the effect of medication exposure by trimester of 
use on preterm delivery. Multivariable adjustment was made for 
the same maternal factors. P values less than 0.05 were consid-
ered significant. All analyses were conducted using SPSS, version 
25.0.

RESULTS

A total of 963 women were eligible for analysis, with 117 
in the PsA group, 129 in the AS group, and 717 in the com-
parison group. Baseline characteristics of the study population 
are outlined in Table 1. Women with PsA were older and had a 
higher BMI than women in the comparison group. There was a 
higher percentage of women with at least 3 prior spontaneous 
abortions in the PsA group. Women with AS were more likely 
to be primigravid and less likely to have parity of at least 2 ver-
sus the comparison group. As expected, women in both disease 
groups had a higher proportion of comorbid conditions, including 
asthma, diabetes mellitus, hypertension, depression, anxiety or 
other psychiatric illness, as well as tobacco use in both groups 
and alcohol use in PsA (Table 1). Women in both disease groups 

were also of higher SES than the comparison group in this study.
After multivariable analysis, PsA was found to confer an 

increased risk for moderate preterm delivery (ARR 1.81, 95% CI 
1.01–3.26), preterm labor (ARR 2.05, 95% CI 1.21–3.48), oligo-
hydramnios (ARR 3.79, 95% CI 1.34–10.74), and cesarean deliv-
ery (ARR 1.63, 95% CI 1.26–2.12) versus the comparison group. 
Women with AS had a 67% increased risk for infant hospitalization 
in the NICU. An increased risk for very preterm delivery and VLBW 
was also noted for AS, although each of these events occurred in 

only 3 of 129 subjects with AS (Table 2).
Further analyses were performed on those increased risks 

seen in Table 2 to determine the effect of disease activity and med-
ication use on those risks. Preterm delivery, preterm labor, cesar-
ean delivery, and NICU hospitalization were analyzed further 
among women with PsA and AS. Due to low numbers, subgroup 
analyses were unable to be performed for oligohydramnios or for 
VLBW. Active disease at 32 weeks according to both the HAQ and 
RAPID3 scores was found to increase the risk for preterm delivery 
in PsA, although estimates were imprecise. Only the HAQ score at 
32 weeks was significantly associated with preterm labor in PsA, 
whereas RAPID3 scores did not reach statistical significance. There 
was no association between disease activity and cesarean deliv-
ery or NICU hospitalization in PsA (Table 3). In AS, active disease 
according to RAPID3 at intake was associated with an increased 
risk of cesarean delivery, and active disease according to RAPID3 
scores at 32 weeks was associated with an increased risk for pre-
term labor, although estimates again were quite imprecise. Dis-
ease activity was not significantly associated with preterm delivery 
or NICU hospitalization in AS (Table 3). Medication use, including 
glucocorticoids, nonbiologic DMARDs,  biologic DMARDs, and 
NSAIDs in the first or second trimester, was not associated with 
an increased risk of preterm delivery among women with PsA 
(Table 4). Use of glucocorticoids in the second trimester, however, 
was significantly associated with preterm delivery in AS, although 

this estimate was limited by relatively small numbers (Table 4).
In PsA, 22.3% of subjects (23 of 103) were defined as having 

active disease at intake according to the HAQ scores, whereas 
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a much higher percentage of subjects (40.8%, 42 of 103) were 
considered to have active disease according to RAPID3 scores. 
Similarly, in AS, 34.5% (38 of 110) were defined as having active 
disease at intake according to the HAQ scores, whereas 49.1% 
(54 of 110) were defined as having active disease at intake accord-
ing to RAPID3 scores (Table 1). Mean disease activity scores over 
the course of pregnancy were either stable (according to HAQ 
scores) or improved (according to RAPID3 scores) among women 
with PsA, whereas among women with AS, scores slightly wors-
ened with both measures, although changes were modest in both 
disease groups (Figure 1).

DISCUSSION

The results of our study indicate that women with PsA and 
AS have generally favorable pregnancy outcomes. Although 
women with PsA were not shown to have an increased risk for 
overall preterm birth in this study, there was an increased risk for 
preterm labor and, when examined by gestational week, for mod-
erate preterm birth. No previous evidence exists to support the 
higher risk of moderate preterm birth seen in PsA in this study, but 
to our knowledge no other prospective study has analyzed preg-
nancy outcomes in this disease. The association between preterm 
birth and other inflammatory conditions such as rheumatoid arthri-

tis (RA) has been demonstrated in multiple studies; however, the 
individual contributions of medication use, disease activity, and 
the condition itself on that risk have remained unclear. A recent 
analysis also from the OTIS group suggested that the increased 
risk for preterm delivery in RA may be driven by glucocorticoid 
use and high disease activity (12). Our study suggests that similar 
trends may exist in PsA and AS, as active disease later in preg-
nancy was found to increase the risk for preterm delivery in PsA, 
and second- trimester glucocorticoid use was found to increase 
the risk for preterm delivery in AS.

In PsA we additionally found an increased risk for cesarean 
delivery that was not explained by disease activity. The indica-
tions for cesarean delivery were not specifically studied in this 
analysis (i.e., elective or emergent), and therefore it is unclear if 
the increased risk was driven by patient or physician preference 
or other medical indication. A higher risk of oligohydramnios for 
women with PsA was also noted in our study. The mechanism 
for this is unclear, although medication use and other maternal 
factors or comorbidities that were not noted or analyzed specifi-
cally may play a role.

Despite the concern that women with AS may have anatomic 
reasons to elect for cesarean delivery over spontaneous vaginal 
delivery, such as spondyloarthritis, sacroiliitis, or hip arthritis, we 
reassuringly did not find an overall increased risk for cesarean 

Table 4. Association of medications with preterm delivery among women with psoriatic arthritis (PsA) (n = 117) 
and ankylosing spondylitis (AS) (n = 129) by trimester of use in the Organization of Teratology Information Specialists 
cohort 2004–2018*

PsA AS

No.
Preterm 
delivery

RRadj 
(95% CI)† No.

Preterm 
delivery

RRadj 
(95% CI)†

Biologic DMARDs‡
Any use§ 101 14 (13.9) 0.92 (0.23–3.74) 105 11 (10.5) 1.29 (0.23–7.25)
1T 94 12 (12.8) 0.49 (0.18–1.36) 101 10 (9.9) 1.03 (0.22–4.78)
2T 72 12 (16.7) 1.89 (0.59–6.01) 80 7 (8.8) 0.74 (0.25–2.19)

Nonbiologic DMARDs‡
Any use§ 14 1 (7.1) 0.50 (0.07–3.77) 10 1 (10.0) 0.92 (0.28–2.99)
1T 12 1 (8.3) 0.55 (0.07–4.11) 9 1 (11.1) 0.92 (0.28–2.99)
2T 11 1 (9.1) 0.69 (0.08–5.60) 4 0 (0) –

NSAIDs‡
Any use§ 20 5 (25.0) 2.34 (0.79–6.94) 30 1 (3.3) 0.36 (0.05–2.70)
1T 14 2 (14.3) 0.96 (0.24–3.90) 26 1 (3.8) 0.45 (0.06–3.28)
2T 9 3 (33.3) 2.73 (0.71–10.52) 11 0 (0) –

Glucocorticoids
Any use§ 33 6 (18.2) 1.45 (0.47–4.48) 62 8 (12.9) 2.22 (0.71–6.92)
1T 26 5 (19.2) 1.58 (0.53–4.77) 20 2 (10.0) 0.98 (0.22–4.25)
2T 25 5 (20.0) 1.19 (0.41–3.49) 28 7 (25.0) 4.41 (1.57–12.41)¶

* Values are the number (%) unless indicated otherwise. RRadj = adjusted risk ratio; 95% CI = 95% confidence interval;
DMARDs = disease- modifying antirheumatic drugs; NSAIDs = nonsteroidal antiinflammatory drugs; 1T = first 
trimester; 2T = second trimester. 
† Multivariable adjusted RR computed using Poisson regression with robust errors for maternal age, race (white), 
socioeconomic status (high), prepregnancy body mass index, smoking, parity, preexisting medical disease 
(hypertension, thyroid disease, diabetes mellitus, asthma), previous adverse pregnancy outcome (preeclampsia, 
preterm, intrauterine growth restriction), and disease activity defined by the Health Assessment Questionnaire at 
intake for PsA and Routine Assessment of Patient Index Data 3 score at intake for AS. 
‡ Reference group for analysis is all other subjects, including all other medication use. 
§ Any use in either 1T or 2T (third trimester use excluded). 
¶ Significant. 
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delivery among women with AS in our study. We did, however, 
find that high disease activity at intake was associated with an 
increased risk for cesarean delivery in this group, although it is 
unclear how many of these deliveries were elective versus emer-
gent. Jakobsson et al noted an increased risk for cesarean deliv-
ery among women with AS in their Swedish study (5), but other 
studies have not reproduced these findings (6,7). In addition, the 
contribution of disease activity on this outcome was not mea-
sured. One must consider differing practices in the various coun-
tries in which these studies are conducted with regards to elective 
cesarean deliveries, as well as the contribution of disease activ-
ity, medication use, and other pertinent factors behind the cesar-
ean deliveries.

An increased risk for infant hospitalization in the NICU was 
seen with AS in our study. This may have been influenced by 
the higher incidence of VLBW and very preterm infants in the AS 
group. The increased risk for the latter 2 outcomes seen in AS, 
however, was based on only 3 cases of AS for each outcome. 
When analyzing these cases in more depth, we found that 2 of 
the cases of VLBW and 1 of the very preterm cases were twin 
pregnancies. Given the incredibly high risk for preterm delivery 
and LBW among all twin pregnancies (reported in up to 60%) (13), 
the few cases in our study may be explained at least in part by 
this fact. Interestingly, Jakobsson et al also found an increased 
risk for very preterm delivery in AS, with subanalyses indicating 
potential mediations by preeclampsia (5). Of note, none of the 

patients with AS and VLBW or very preterm delivery in our study 
developed preeclampsia.

There was a surprisingly high rate of glucocorticoid use in the 
AS patient group, with 38% exposed to glucocorticoids at some 
point during pregnancy. The 2016 American College of Rheuma-
tology guidelines, in fact, recommend against the use of systemic 
glucocorticoids for the treatment of AS, with the exception of 
short- term treatment with rapid tapering in circumstances such 
as flares during pregnancy, flares of concomitant inflammatory 
bowel disease, or flares of peripheral arthritis (14). Our study found 
that second- trimester glucocorticoid use in AS was associated 
with an increased risk for preterm delivery in multivariable analysis, 
although the analysis was based on small numbers. This asso-
ciation remained after adjustment for disease activity, although it 
is possible that there may have been active disease in domains 
incompletely captured by the outcomes collected. These findings 
from our study imply that systemic glucocorticoid treatment for 
flares during pregnancy may not be without risk, and perhaps 
alternative medications should be entertained first, if clinically 
appropriate.

When looking at disease activity in pregnancies of women 
with PsA, we found that the mean disease activity score remained 
unchanged according to HAQ scores and improved according 
to RAPID3 scores from intake to 32 weeks. Despite RAPID3 
being more sensitive than the HAQ at detecting active disease at 
intake (41% versus 22%), our study suggests that the HAQ may 
be more useful in terms of predicting outcomes for women with 
PsA. While there has been concern that pregnancy itself may alter 
the scoring of the HAQ, making it perhaps a less reliable measure 
in pregnancy (15), this may not be as much of a concern when 
analyzing how well the score predicts pregnancy outcomes. 
Another cohort study from our group on pregnancy outcomes in 
RA demonstrated that HAQ score predicted preterm birth (16). In 
this study, while the HAQ was perhaps more predictive in PsA, 
RAPID3 was more predictive of obstetric outcomes in the AS 
group. To our knowledge, no other studies have analyzed the use 
of RAPID3 to assess rheumatic diseases during pregnancy.

While PsA disease activity in pregnancy may vary across 
studies depending on which measure is used, the data have been 
relatively consistent in AS, although limited. Similarly to our study, 
Østensen found that as much as 80% of pregnant patients with 
AS had either unchanged or worsened disease symptoms during 
pregnancy (17). It is unclear how much of this is driven by medi-
cation discontinuation, as a recent study by van den Brandt et al 
found that discontinuation of an anti–tumor necrosis factor medi-
cation during pregnancy increased the risk for flare in axial spon-
dyloarthropathy, particularly in the second trimester (18). Further 
studies are needed to tease out the association of medication 
use, or discontinuation, on disease activity measures.

Strengths of this study include the multivariable adjustment 
analyses as well as the prospective cohort design, as other trials 
on pregnancy outcomes in these 2 diseases have predominantly 

Figure 1. Mean disease activity scores for psoriatic arthritis (top) 
and ankylosing spondylitis (bottom) over the course of pregnancy 
according to the Health Assessment Questionnaire (HAQ) and the 
Routine Assessment of Patient Index Data 3 (RAPID3) scores. The 
HAQ score ranges 0–3 on secondary axis; scale magnified for 
readability.
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been retrospective or case–control in nature. One limitation is 
that our cohort consists of predominantly white women with 
a high SES level, and a significant proportion of women in 
the disease groups were on a biologic DMARD at some point 
during their pregnancy (>80% in both disease groups). These 
numbers are likely to be higher in our cohort than would be 
seen globally, as patients in other countries may not have easy 
access to these medications. In addition, because the exposed 
women may have chosen to participate in the study as a result of 
their disease, the sample may have included women with more 
severe disease, more medication use, or a higher number of 
comorbid conditions than is typical for other studies. Last, the 
volunteers in the comparison cohort may have been healthier 
than the general population, resulting in stronger effect estimates 
than what would be observed from other types of studies. Future 
studies are needed to confirm the novel findings of our study 
as well as to continue to analyze the effect of different disease 
activity measures and medication use on pregnancy outcomes 
in these 2 chronic conditions.
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