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E D I T O R I A L

Rheumatology Fellowship Recruitment in 2020: Benefits, 
Challenges, and Adaptations
Adam Kilian,1  Anisha B. Dua,2 Marcy B. Bolster,3 Narender Annapureddy,4 and Philip Seo5

On June 16, 2020, the Coalition for Physician Accountability rec-
ommended that all fellowship interviews be conducted online in a 
virtual format, even for candidates who are local to the institution 
(1). This recommendation is part of a broader mandate to pro-
mote public and professional safety by mitigating the effects of 
pandemic- related disruptions on the recruitment of trainees into 
residency and fellowship programs (2). As teamwork is core to our 
specialty, we believe that the rheumatology education community 
can collaborate to develop a transformative recruitment process 
that is accessible, responsive, and equitable. Herein, we discuss 
benefits and challenges to the 2020 rheumatology fellowship 
recruitment season, as well as offer suggestions to minimize dis-
ruptions and optimize the process for programs and applicants.

Video- based interviewing will promote safety for applicants 
and training programs by limiting travel- associated exposure to 
severe acute respiratory syndrome coronavirus 2 (SARS CoV- 2). 
Furthermore, applicants may save a great deal of time with video- 
based interviews and experience reduced stress by avoiding 
cross- country travel, particularly during a time marked by other 
stressors related to coronavirus disease 2019 (COVID- 19) (3). 
Although video- based interviews still require applicants to request 
time off from their training programs, fewer days will be lost to 
travel, thus minimizing the impact on resident education and 
scheduling (4).

In addition to safety considerations, cost savings will be evi-
dent with virtual recruitment. Applicants often spend thousands 
of dollars on travel, lodging, and meals while interviewing for res-
idency or fellowship positions. The financial savings associated 
with video- based interviewing are particularly important con-
sidering that students now graduate from medical school with 
a median debt of $200,000 (5); financial stress related to the high 
costs of medical education contributes to burnout in health care 
providers (6). Fellowship programs also incur costs with traditional 

on- site interviews (e.g., food and lodging). All of these costs may 
be mitigated by video- based interviews (7). Such financial savings 
are especially welcome as many health systems have experienced 
revenue losses due to the COVID- 19 pandemic.

In the past, the cost of in- person interviews forced trainees 
to be highly selective when accepting invitations to interview. 
The reduced financial burden of video- based interviews may 
encourage candidates to apply to more programs. Removing the 
requirement for an in- person interview may potentially increase 
geographic and cultural diversity as applicants may apply more 
broadly. Over time, this may help diversify the rheumatology work-
force (8).

That said, visiting institutions play an important role in help-
ing fellows decide how to rank programs. In- person interviews 
allow the candidate to meet current fellows and faculty, to iden-
tify potential mentors, and to assess a candidate’s “fit” within the 
training program culture. Informal interactions with current fellows 
are critical to gaining an appreciation for the training environment 
(9). Selecting a program without having had direct contact with 
the educational environment and local community may pose a 
significant challenge for prospective candidates. For program 
directors, in- person interviews allow the assessment of nonmetric- 
based measures, such as interpersonal interactions and interest in 
the program (9).

Highlighting the personality and culture of the training pro-
gram through a virtual platform poses a significant challenge. 
Interactions with current fellows, which had formerly enriched the 
recruitment experience, will need to be replaced with other high- 
value activities. Structured time with current fellows to share infor-
mation about their lives as fellows in the program with ample time 
for discussion and questions will be imperative.

Virtual tours of inpatient and outpatient clinical facilities, educa-
tional conference settings, and fellow office space that accurately 
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portray the learning environment and an updated fellowship pro-
gram website will be particularly important this year. Links to affil-
iated program offerings and information about the surrounding 
community should be included. Informal pre- recorded interviews 
with fellows, virtual attendance at educational conferences, and 
opportunities to interact informally with current trainees may all be 
valuable to best communicate the culture of a program.

Standardized approaches to application review and applicant 
interviews promote equity in assessment. A holistic review of the 
applicant will be important to ensure a consistent and fair process. 
Residents who apply for rheumatology fellowships this year may 
not have had an opportunity to work directly with a rheumatologist. 
Consequently, some applicants may not have a letter of recom-
mendation from someone in our field. Letters of recommendation 
from physicians who are not rheumatologists may need to carry 
greater weight when a rheumatologist’s evaluation is not avail-
able. United States Medical Licensing Examination scores may 
introduce bias against women and underrepresented minorities, 
and therefore should not be overemphasized (10). Programs may 
need additional faculty to review an increased number of appli-
cations, particularly since applications will be available 1 month 
later than usual. The absence of in- person interviews may give 
internal candidates an unfair advantage at their home institutions 
as external candidates will not have the opportunity to interact in 
person with rheumatology faculty and fellows. Formal training on 
implicit bias for application reviewers and candidate interviewers 
will be essential.

Programs may want to consider shorter but more frequent 
interview days. In- person tours can be replaced by virtual experi-
ences, which applicants can review prior to the interview. Convert-
ing some one- on- one interviews to team- based (panel) interviews 
with several faculty may facilitate scheduling. Postinterview 
surveys of candidates, fellows, and faculty may be valuable for 
collecting data on the virtual interview experience as we look to 
optimize the process in subsequent years.

There will be a steep learning curve as training programs and 
applicants engage virtually in fellowship recruitment. Applicants may 
1) be unfamiliar with video- interview etiquette; 2) not have adequate 
privacy for a virtual interview; 3) have technological limitations that 
impair the interview experience; and 4) experience undue stress from 
a seemingly high- stakes yet unfamiliar activity. Training programs will 
need to 1) accommodate applicants in different time zones; 2) com-
municate a sense of their academic, educational, and local culture 
through a virtual platform; 3) find innovative ways to engage appli-
cants with current fellows; 4) address “video fatigue,” which may 
occur for interviewers and applicants; and 5) provide an equitable 
experience for each applicant.

As with any learning curve, the experience of applicants and 
training programs may evolve over the recruitment season, thus 
providing a less ideal experience for those involved earlier in the 
interview season. Comprehensive information regarding require-
ments and timelines, and providing, well in advance, an itinerary for 

the interview day will be helpful for the applicant. Applicants may 
also appreciate the ability to have a “trial run” to ensure success 
with technology in the virtual platform. To overcome challenges 
facing our applicants, it may be helpful to provide a “tip sheet” on 
video interview etiquette, including modifying the environment to 
be conducive to focus and privacy. Training programs may wish to 
provide a virtual background to secure a homogeneous environ-
ment for all applicants.

All applicants should encounter the same virtual interview 
experience. Internal and local candidates should participate in the 
same virtual interview experience as those who are more remote. 
Training programs may wish to consider using a team- based 
 interview approach. The team may be comprised of 1) faculty mem-
bers with different interests and/or roles in the training program; 2) 
faculty of different ages and backgrounds; and 3) those not typ-
ically involved in the interview day such as research faculty and 
clinical advanced practice providers. Any of these combinations 
could maximize the exposure of the candidate to the program with-
out adding unnecessary length to the interview experience. Such 
team- based interviews may benefit from pre- assigning questions 
to help with the flow of the discussion and ensure participation 
by all team members (11). Similarly, a structured interview format, 
characterized by the same series of questions being asked of each 
candidate, can be utilized in the one- on- one meetings to promote 
equity in the interview process (12). Virtual interviews may pose 
new challenges. Having cell phone information for the applicant 
and program contact will be important. Offering flexibility in case of 
technical problems and having technical assistance available can 
be reassuring for the applicant. Having an alternate platform avail-
able for interviews is also advisable. Scheduled breaks will make 
the experience less hectic (13,14).

While there will be many adjustments in interview processes 
and a steep learning curve for applicants and interviewers, the 
prospect of offering greater equity for our applicants should be 
embraced. Fellowship training programs have the opportunity to 
re- examine their recruitment processes, innovate ways to convey 
the sense of community and educational culture of the training 
program, and meet candidates who may otherwise not have had 
the chance to travel for a recruitment day. The process may have 
unforeseen flaws, but our flexibility and resiliency will propel us 
forward.
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A Middle- Aged Woman With Necrotic Breast Lesions
Nadine Mbuyi  and Joanne S. Cunha

CASE PRESENTATION

Chief symptoms

A 48- year- old White woman was hospitalized for evalua-
tion of worsening painful ulcerated breast lesions in the setting 
of newly diagnosed untreated hepatitis C viral infection and 
successful gastric bypass surgery for morbid obesity a year 
ago.

History of present illness

Four weeks before her current presentation, the patient 
noted the development of painful bilateral breast lumps with over-
lying erythema, which was worse on her right breast compared 
to the left, without any nipple discharge. Outpatient evaluation 
included a right breast ultrasound showing no evidence of a dis-
crete mass or abscess with normal vasculature and subcutane-
ous fat. A mammogram revealed extensive vascular calcifications 
(Figure 1A and B). A contrast- enhanced computed tomography 
(CT) of the chest, abdomen, and pelvis showed evidence of cor-
onary arterial atherosclerosis and right- breast skin thickening 
without any discrete masses, enlarged lymph nodes, or fluid col-
lections. A Doppler ultrasound of the lower extremities showed no 
evidence of deep vein thrombosis.

A right- breast excisional biopsy performed 2 weeks 
before hospitalization revealed thrombogenic vasculopathy of 
arterioles and capillaries without any vessel wall inflammation, 
and ischemic necrosis of the epidermis, dermis, and breast 
tissue. Direct immunofluorescence (DIF) findings were nega-
tive for antisera to immunoglobulins, complement, and fibrin 
deposition. Based on these findings, laboratory data for hyper-
coagulability, including antiphospholipid syndrome, antineutro-
phil cytoplasmic antibody (ANCA)– associated vasculitis (AAV), 
and connective tissue disorders, were ordered, and results 

were negative (Table 1). On the day of her hospitalization, she 
complained of progressively worsening, painful cutaneous 
breast lesions with further darkening and discoloration, and 
her hematologist referred her to the hospital for pain manage-
ment and further evaluation.

Past medical history

The patient had multiple chronic medical illnesses, including 
asthma that was stable on inhalers for years, depression, gas-
troesophageal reflux disease, and restless leg syndrome. She 
was diagnosed with papillary thyroid cancer 6 years ago and 
underwent a total thyroidectomy with subsequent postsurgical 
hypothyroidism. The patient had regular oncology follow- up 
without further thyroid cancer recurrence. She had a history of 
epilepsy, but was no longer on antiepileptic medications, without 
recurrence of her seizures. One year before presentation, she 
had a Roux- en- Y gastric bypass procedure for morbid obesity 
with subsequent appropriate weight loss. An upper endoscopy 
and colonoscopy performed a few weeks before her bariatric 
surgery revealed mild gastritis and a few hyperplastic polyps in 
the sigmoid colon without any evidence of bowel inflammation 
or malignancy. Six months before she presented, she under-
went an elective laparoscopic cholecystectomy for symptomatic 
cholelithiasis. She had had 2 full- term healthy pregnancies. 
There was no history of spontaneous abortions or thromboem-
bolic disease.

Social and family history

The patient denied any history of smoking, alcohol, or illicit 
drug use, including cocaine. Her family history was significant for 
Crohn’s disease in a maternal uncle, and breast cancer in 2 pater-
nal aunts. She had no known family history of autoimmune disease.
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Review of systems

The patient did not complain of fevers, chills, or night sweats, 
and she had no further weight loss a year after her gastric bypass 
surgery. There was no history of recurrent sinus infections or sinus 
pain, rhinorrhea, epistaxis, hemoptysis, or tinnitus. The patient had 
no oral, nasal, or genital ulcerations, nor did she report any pulmo-
nary, cardiac, abdominal, or genitourinary symptoms. She denied 
any focal neurologic deficits, arthralgias, myalgias, inflammatory 
joint symptoms, or further skin lesions. There was no illness before 
the onset of her symptoms, and she had not started any new med-
ications.

Physical examination

On presentation, she was afebrile and in no acute distress. 
Her blood pressure was 93/61 mm Hg and heart rate was 68 
beats per minute. The patient’s respiratory rate was 18 breaths 
per minute with normal oxygen saturation at 99% on room air. Her 
body mass index was 27 kg/m2. Her right breast had a large cir-
cumferential necrotic area involving the areola and nipple, meas-
uring  5  cm  ×  5  cm with surrounding petechiae and purpura 
(Figure 1C). The entire right breast was firm and tender to palpa-
tion. The left breast had a 2 cm × 2 cm tender, indurated lesion with 
overlying petechiae and purpura (Figure 1D). There was no palpable 
cervical, axillary, or inguinal lymphadenopathy. Her cardiac, pulmo-
nary, abdominal, and musculoskeletal examination findings were 
within normal limits. Her neurologic examination was unremarkable 
without any focal neurologic deficits. She had no other skin lesions. 
She had trace bilateral pitting edema of the lower extremities to her 
shins. Her peripheral pulses were normal and symmetric.

Laboratory evaluation

The patient’s laboratory data revealed significantly elevated 
inflammatory markers with an erythrocyte sedimentation rate of 

>130 mm/hour and a C- reactive protein level of 18.44 mg/liter 
(Table 1). Her white blood cell count, hemoglobin, and platelet 
count were normal. Prothrombin time, international normalized 
ratio, partial thromboplastin time, fibrinogen, and D- dimer find-
ings were normal. A comprehensive metabolic panel revealed 
normal renal function, and urinalysis results were unremarka-
ble without proteinuria, pyuria, hematuria, or cellular casts. The 
urine toxicology screen results were negative for cocaine or 
other illicit drugs. Antinuclear antibody, rheumatoid factor (RF), 
and anti– citrullinated protein antibodies were negative. She had 
a low albumin level, elevated alanine aminotransferase, alkaline 
phosphatase, and gamma glutamyl transferase. Hepatitis C virus 
antibody was positive with a viral load of 25,846 IU/ml. She was 
found to have a positive cryoglobulin with isotyping revealing a 
pattern consistent with type II cryoglobulinemia. Serum (SPEP) 
and urine protein electrophoresis (UPEP) were negative for mon-
oclonal gamma paraprotein. Urine culture and 2 sets of blood 
cultures were negative for infection. An echocardiogram was 
negative for valvular vegetations and did not suggest structural 
heart disease.

CASE SUMMARY

The patient is a 48- year- old previously obese woman who 
had undergone bariatric surgery 1 year ago, with a recent diagno-
sis of hepatitis C infection, who presented with pain and retiform 
purpura, cutaneous ulceration, and necrosis of her breasts. She 
was found to have type II mixed cryoglobulinemia. A right- breast 
excisional biopsy result showed thrombogenic vasculopathy of 
dermal and subcutaneous arterioles and capillaries with a neg-
ative DIF.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of retiform purpura and cuta-
neous necrosis with histopathology showing bland thrombi in 

Figure 1. Mammogram of A, right breast and B, left breast showing extensive vascular calcification in both breasts (white arrows). No distinct mass 
was identified. C, For physical examination findings of bilateral breasts, the right breast shows circumferential necrotic area around areola and nipple 
(5 cm × 5 cm), with overlying petechiae, purpura, and skin necrosis. D, Left breast shows focal area of coalescing petechiae and purpura (2 cm × 2 cm).
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dermal and subcutaneous arterioles and capillaries without evi-
dence of small vessel vasculitis is broad, and includes disorders 
causing microvascular occlusion but should also include small 
and medium vessel vasculitis since dermatologic biopsy results 
can have  false- negative findings depending on the biopsy location 

selected, time of evolution of the lesions sampled, biopsy tech-
nique, or media used (1) (Table 2).

Microvascular occlusion disorders

Antiphospholipid antibody syndrome. Antiphospho-
lipid antibody syndrome (APS) is a systemic autoimmune dis-
ease caused by acquired and persistently elevated antibodies 
against phospholipid- binding proteins. APS can be primary, or 
it can occur in the setting of autoimmune diseases, malignancy, 
infections, or drugs. Diagnosis of APS requires objective demon-
stration of venous or arterial thrombosis or pregnancy morbid-
ity, with the persistence of high titers of APS antibodies against 
anticardiolipin, β2- glycoprotein I, or the presence of a lupus anti-
coagulant (2). Patients can develop ulcerative skin lesions and 
acral cyanosis. Approximately 1– 2% of patients will develop a 
life- threatening complication; catastrophic APS (CAPS) is char-
acterized by thrombocytopenia, hemolytic anemia, disseminated 
intravascular coagulation (DIC), and thrombotic microangiopathy, 
leading to severe multiorgan damage, cutaneous ulcerations, and 

Table 1. Laboratory evaluation*

Test Normal range Patient’s results
Hemoglobin, gm/dl 11– 15 12.1
Hematocrit, % 32– 45 36.1
White blood cell count, × 

109/liter
3.5– 11 7.8

Platelet count, × 109/liter 150– 400 296
Creatinine, mg/dl 0.44– 1.03 0.44
Calcium, mg/dl 8.5– 10.5 8.5
Phosphorus, mg/dl 2.4– 4.8 4.1
Magnesium, mEq/liter 1.3– 1.9 1.5
Intact serum PTH, pg/ml 14– 72 20
25- OH vitamin D, ng/ml 30– 100 33.3
AST, IU/liter 10– 42 52†
ALT, IU/liter 6– 45 25
ALP, IU/liter 34– 104 151†
Albumin, gm/dl 3.5– 5 2.9†
Total protein, gm/dl 6– 8 6.3
GGT, IU/liter 10– 70 513†
ESR, mm/hour 0– 20 >130†
CRP, mg/liter 0– 10 18.44†
ANA IFA Negative Negative
RF, IU/ml 0– 20 <20
ACPA, units 0– 20 9
ANCA Negative Negative
Anti- GBM Negative Negative
HAV IgM Nonreactive Nonreactive
HBsAg Nonreactive Nonreactive
HBcAb IgM Nonreactive Nonreactive
HCV antibody Nonreactive Reactive†
HCV viral load PCR, IU/ml <15 IU/ml 25, 846†
TB Quantiferon Gold test Negative Negative
Cryoglobulin Negative Positive†
Cryoglobulin isotyping Monoclonal IgM- kappa and 

monoclonal IgG without 
associated light chain in a 
background of polyclonal IgG

Cryofibrinogen Negative Negative
HIV antibody/antigen Nonreactive Nonreactive
PT, seconds 9.5– 12.5 14.1
INR 0.8– 1.2 1.1
PTT, seconds 24– 37 47
Lupus anticoagulant <1.21 1.01
Beta- 2 glycoprotein IgG/

IgM/IgA
<20 <9

Anticardiolipin IgG/IgM/IgA 0– 12 <9.4
* 25- OH vitamin D = 25- hydroxy vitamin D; ACPA = anti–cyclic citrul-
linated peptide antibodies; ALP = alkaline phosphatase; ALT = 
alanine aminotransferase; ANA = antinuclear antibody; ANCA = anti-
neutrophil cytoplasmic antibodies; AST = aspartate aminotransferase; 
CRP = C- reactive protein; ESR = erythrocyte sedimentation rate; GBM = 
glomerular basement membrane antibodies; GGT = gamma glutamyl 
transferase; HAV = hepatitis A virus; HBcAb = hepatitis B core antibody; 
HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; HIV = 
human immunodeficiency virus; IFA = immunofluorescent assay; INR 
= international normalized ratio; PT = prothrombin time; PTT = partial 
thromboplastin time; RF = rheumatoid factor; TB = tuberculosis.
† Abnormal result. 

Table 2. Differential diagnosis of retiform purpura*
Microvascular occlusion disorders

Antiphospholipid antibody syndrome
Disseminated intravascular coagulation

Purpura fulminans
Anticoagulant- induced skin necrosis

Warfarin
Heparin

Inherited thrombophilias
Factor 5 Leiden mutation
Prothrombin gene mutation
Antithrombin 3 deficiency
Protein C and S deficiencies

Primary thrombotic microangiopathy syndromes
Thrombotic thrombocytopenic purpura
Hemolytic uremic syndrome
Complement- mediated thrombotic microangiopathy

Paroxysmal nocturnal hemoglobinuria
Embolic and infectious disorders

Atrial myxoma
Cholesterol embolization
Bacteremia
Septic embolization from endocarditis
Nonbacterial thrombotic endocarditis (marantic, or Libman- 

Sacks endocarditis)
Levamisole- induced vasculopathy
Malignancy and paraneoplastic vasculopathy
Calciphylaxis

Small and medium vessel vasculitis
Cutaneous polyarteritis nodosa
Systemic polyarteritis nodosa
ANCA-associated vasculitis
IgA vasculitis
Ulcerative skin lesions associated with systemic vasculitis (e.g., 

pyoderma gangrenosum)
Cryoglobulinemia and cryoglobulinemic vasculitis

* ANCA = anti neutrophil cytoplasmic antibodies. 
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necrosis. Infections, malignancy, or surgery can trigger CAPS (3). 
Our patient tested negative for antiphospholipid antibodies. Also, 
results from the examination for underlying autoimmune disease, 
infection, or malignancy were negative.

DIC and purpura fulminans. DIC is a systemic syndrome 
that can lead to hemorrhage and widespread thrombosis. Sep-
sis, trauma, malignancy, and surgery can precipitate DIC (4). Skin 
ulcerations, gangrene, and widespread purpura, or purpura fulmi-
nans can develop. Although DIC was considered as a possibility, 
our patient had normal coagulation parameters, including fibrin-
ogen and D- dimer, serum hemoglobin, lactate dehydrogenase, 
bilirubin, and haptoglobin. There were no schistocytes on her 
peripheral blood smear, and she had a negative direct antiglobulin 
test result, indicating the absence of laboratory evidence of intra-
vascular hemolysis.

Anticoagulant- induced skin necrosis. Warfarin- induced 
skin necrosis can occur within 3 to 5 days of initiating therapy 
in patients with congenital or acquired protein C or S deficiency. 
The skin lesions appear as purpuric, vesicular, or bullous, usually 
on the breasts, thighs, abdomen, buttocks, or extremities. His-
tology typically shows thrombosis of blood vessels in the dermis. 
Co- administration of heparin during the first few days of warfarin 
use helps to reduce the occurrence of this complication (5). Skin 
necrosis can also develop 3 to 15 days after the administration 
of unfractionated or low molecular weight heparin (6). Antiplatelet 
factor 4 (PF- 4) heparin antibodies are often positive. Skin biopsy 
results revealed intradermal vascular thromboses. Our patient had 
no prior exposure to warfarin or heparin, her protein C and S levels 
were normal, and she tested negative for PF- 4 antibodies, making 
these disorders unlikely.

Inherited thrombophilias. Inherited thrombophilias are a 
group of genetic disorders that predispose to venous thromboem-
bolism (7). Because our patient did not have venous thrombosis, 
these disorders were low on our differential. Moreover, prehospi-
talization screenings for factor V Leiden deficiency mutation, the 
prothrombin gene mutation, antithrombin III deficiency, and pro-
tein C and S deficiency were negative.

Primary thrombotic microangiopathy syndromes. 
Primary thrombotic microangiopathy (TMA) syndromes include 
thrombocytopenic thrombotic purpura (TTP), hemolytic ure-
mic syndrome (HUS), and complement- mediated TMA. They 
are characterized by thrombocytopenic purpura, intravascular 
hemolytic anemia, and thrombotic microangiopathy of arter-
ies and arterioles (8). Cutaneous and renal involvement is com-
mon. Patients with TTP can develop neurologic abnormalities. 
TTP is caused by decreased activity of a disintegrin and metal-
loproteinase with a thrombospondin type 1 motif, member 13 
(ADAMTS- 13), an enzyme that cleaves to von Willebrand factor 

(9). HUS is more commonly seen in children and is triggered by 
Shiga toxin- producing Escherichia coli O157:H7. In adults, HUS 
is often mediated by hereditary deficiencies of regulatory proteins 
of the alternative pathway of complement (10). Our patient did not 
have any neurologic or renal involvement, she had no laboratory 
evidence of intravascular hemolysis, and testing for complement 
pathway abnormalities returned negative. Her ADAMTS- 13 activ-
ity was normal, she had negative result in stool testing for Shiga 
toxin, and stool culture was negative for E. coli O157:H7.

Paroxysmal nocturnal hemoglobinuria. Similarly, par-
oxysmal nocturnal hemoglobinuria (PNH) is a disorder mediated 
by a deficiency of complement regulatory proteins such as CD55 
and CD59 (11). PNH is associated with thrombotic microangi-
opathy and hemolytic anemia, causing fatigue, dyspnea, renal 
failure, hemoglobinuria, and cutaneous manifestations such as 
purpura and skin necrosis. Our patient had cutaneous lesions 
but no internal organ involvement. She did not have laboratory 
evidence of hemolysis, and flow cytometry testing did not reveal 
any abnormalities of CD55, CD59, or other proteins associated 
with PNH.

Embolic and infectious disorders. Embolic and infec-
tious disorders including atrial myxoma with embolization of tumor 
fragments, cholesterol embolization, bacteremia, septic emboli-
zation from bacterial endocarditis, and nonbacterial thrombotic 
endocarditis were considered as possible, but less likely causes 
of the patient’s symptoms. Our patient had no clinical evidence 
of systemic infection such as fever or elevated white blood cell 
count. Urine and blood cultures showed no growth of organisms. 
She did not have a cardiac murmur, and an echocardiogram was 
normal without valvular vegetations. Further, she had no evidence 
of internal organ involvement.

Levamisole- induced vasculopathy. Consumption 
of cocaine adulterated with levamisole can cause skin ulcera-
tion and necrosis, agranulocytosis, neutropenia, and high titers 
of perinuclear ANCA (pANCA) antibodies to multiple antigens, 
including neutrophil elastase, cathepsin G, lactoferrin, proteinase 
3, and myeloperoxidase (12– 15). Skin biopsy results revealed 
dermal microvasculature thrombosis with or without evidence 
of vasculitis (14,16). Our patient denied illicit drug use, including 
cocaine. As mentioned above, the patient’s laboratory test results 
were negative for ANCA and showed absence of cytopenias, and 
a urine toxicology screen result was negative for cocaine, making 
this diagnosis less likely.

Malignancy and paraneoplastic cutaneous syn-
dromes. Thrombotic vasculopathy associated with malignan-
cies and paraneoplastic syndromes can present with palpable 
purpura, cutaneous necrosis, Raynaud’s phenomenon, or eryth-
romelalgia (17,18). This presentation has been reported with both 
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solid tumors and lymphoproliferative malignancies (18). An exam-
ination for malignancy in our patient included a CT of the chest, 
abdomen, and pelvis, a mammogram, and a recent colonoscopy, 
which did not reveal any masses or enlarged lymph nodes. She 
had no palpable cervical, axillary, or inguinal lymphadenopathy on 
physical examination, and there was no evidence of recurrence 
of her thyroid cancer. She was up to date with her gynecologic 
examinations and cervical cancer screening. Laboratory testing 
showed no cytopenias, and both SPEP and UPEP were negative 
for a paraproteinemia.

Calciphylaxis. Calciphylaxis is a rare but well- described 
disorder most often seen in the setting of chronic renal disease, 
hemodialysis, or renal transplantation (19). Patients present with 
painful, subcutaneous, indurated, nodular skin lesions, purpura, 
or nonhealing ulcers that may be accompanied by livedo reticu-
laris (20– 22). The pathogenesis of this disease remains unclear. 
Laboratory findings are nonspecific, but some patients may 
have elevated parathyroid hormone (PTH), phosphorus, cal-
cium, or calcium- phosphorus product (20). Characteristic histo-
logic findings include calcification of small arteries and arterioles 
supplying the skin and subcutaneous fat, thrombosis, ischemia, 
and septal panniculitis (23). Prognosis is poor, and mortality is 
related to sepsis secondary to bacteremia (19,24). Our patient 
did not have preexisting renal disease. Also, her intact PTH, cal-
cium, and phosphorus levels were normal, and breast biopsy 
histology result did not reveal any calcification of subcutaneous 
arterioles.

Small and medium vessel vasculitis

Cutaneous and systemic polyarteritis nodosa. Cuta-
neous and systemic polyarteritis nodosa (PAN) are medium ves-
sel  vasculitides that can occasionally involve smaller cutaneous 
blood vessels and present with purpura and skin ulceration. 
Cutaneous polyarteritis nodosa (c- PAN) is a rare distinct subset 
of PAN characterized by localized arteritis of small and medium- 
sized arteries in the dermis and subcutaneous tissue (25). This 
disease has been reported in patients with hepatitis C virus (HCV) 
infection. Although HCV infection is a risk factor for c- PAN, our 
patient’s skin biopsy result showed no evidence of vasculitis.

Systemic PAN is also associated with HCV infection, but our 
patient lacked the characteristic systemic features of this condi-
tion including abdominal pain, renal dysfunction, and mononeuri-
tis multiplex (26). In addition, her skin biopsy result was negative 
for vasculitis.

AAV and IgA vasculitis. AAV and IgA vasculitis are small 
vessel vasculitides that can present with purpura. Our patient’s 
clinical presentation did not fit with either of these 2 entities. She 
did not complain of upper or lower respiratory symptoms, and she 
had no renal disease. Further, ANCA testing results were negative, 

and her skin biopsy result showed no leukocytoclastic vasculitis 
with a negative DIF staining for immunoglobulins, including IgA.

Ulcerative skin disorders associated with primary 
systemic vasculitis. We also considered pyoderma gangreno-
sum (PG), a rare neutrophilic dermatosis that presents with ulcer-
ative skin lesions (23). More than one-half of patients with PG have 
an underlying systemic disease such as primary systemic vascu-
litis, inflammatory bowel disease, inflammatory arthritis, Behçet’s 
syndrome, and hematologic or solid malignancies (23,27). One 
hallmark of PG is pathergy. Histopathology is not diagnostic in 
PG, but suggestive features include sub epidermal bullae with or 
without epidermal necrosis, sub corneal/subepidermal neutro-
philic infiltrate, histiocytic dermal infiltrate or granuloma formation 
(28). Occasionally, leukocytoclastic vasculitis (LCV) is present. DIF 
findings are non specific and may show deposition of IgM, C3, 
and fibrin in vessel walls. Our patient did not report any preceding 
trauma to the involved areas on her breasts. Workup for primary 
systemic vasculitis, underlying connective tissue disorders, malig-
nancies, and inflammatory arthritis was negative. Finally, her skin 
biopsy result was negative for neutrophilic infiltrates and leukocy-
toclastic vasculitis.

Cryoglobulinemia and cryoglobulinemic vasculitis 
(CV). CV is a systemic disorder whereby cryoglobulin deposi-
tion in small to medium- sized vessels causes inflammation or 
ischemia. CV may have various presentations and affect different 
organs such as the skin, kidneys, and peripheral nerves.

Type I cryoglobulinemia consists of monoclonal immunoglob-
ulins (IgG or IgM, less commonly IgA, or free immunoglobulin light 
chains) and is associated with plasma cell dyscrasias or lymphopro-
liferative disorders. These cryoglobulins can precipitate and cause 
blood vessel obstruction, leading to acrocyanosis, livedo reticularis, 
purpura, or skin necrosis, as well as hyperviscosity symptoms such 
as loss of vision, dizziness, headache, confusion, and stroke.

Type II cryoglobulinemia consists of a mixture of polyclonal IgG 
and monoclonal IgM or IgA with RF activity. Type III cryoglobuline-
mia consists of a mixture of polyclonal IgM and IgG. Type II and 
III cryoglobulinemias are called mixed cryoglobulinemias and are 
associated with persistent viral infections such as HCV infection, or 
chronic inflammation from an infection or autoimmune disease (29). 
Mixed cryoglobulinemia sera often demonstrate low levels of total 
hemolytic complement (CH50) and early complement proteins C1q, 
C2, and C4, whereas C3 levels are normal or only slightly lowered 
(30). RF is usually present, often at high levels (29). HCV causes 
cryoglobulinemia via persistent activation of the immune system, 
leading to the proliferation of B cells and the production of various 
autoantibodies such as RF and cryoglobulins (31). This results in 
the formation of immune complexes, activation of the complement 
system, and infiltration of the microvasculature by inflammatory cells 
causing CV. A biopsy result of purpuric cutaneous lesions in HCV- 
related CV reveals hyaline thrombi within arterioles and capillaries as 
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well as LCV with DIF demonstrating the presence of immunoglobu-
lins and complement in the blood vessel wall (32).

In our patient, SPEP, UPEP, and immunofixation showed no 
evidence of paraproteinemia. She had hypoalbuminemia with 
elevated alpha- 1 protein, suggestive of inflammation. She had 
recently been diagnosed with HCV infection and had not begun 
treatment for it at the time of her presentation. Laboratory testing 
revealed positivity for cryoglobulins, and isotyping suggested type 
II cryoglobulinemia. The patient was negative for RF, and comple-
ment levels were normal. Her cutaneous lesions raised the pos-
sibility of a small vessel vasculitis, but there was no evidence of 
internal organ involvement. Given her overall clinical picture, we 
considered HCV- related CV as the most likely cause of her symp-
toms. Therefore, we requested a repeat surgical excisional skin 
biopsy of active lesions to rule out microvascular inflammation 
given the absence of vasculitis on initial histopathology.

CLINICAL COURSE

Given the extent of the patient’s worsening skin lesions, in 
the setting of untreated HCV infection with cryoglobulinemia, she 

was  empirically treated for possible cryoglobulinemic vasculitis 
with a pulsed dose of intravenous methylprednisolone (1,000 mg/
day) for a total of 3 days then transitioned to oral steroids (pred-
nisone 1 mg/kg/day). Concurrently, HCV treatment was initiated 
with ledipasvir/sofosbuvir for 12 weeks with complete resolution 
of HCV viremia. Repeat surgical skin biopsy of newer purpuric skin 
lesions (<48 hours old) surrounding the necrotic area of the right 
breast was performed to clarify the diagnosis. Pathology showed 
vascular congestion, rare fibrin thrombi, and superficial perivascu-
lar lymphocytic inflammation. There was no evidence of LCV. Her 
lesions did not improve with steroids, and she was quickly tapered 
off completely while awaiting further examination.

Subsequently, the patient underwent a right mastectomy. 
Pathology revealed gangrene and ischemic necrosis with severe 
arterial wall calcifications and intravascular hyaline microthrombi 
with resultant focal luminal occlusions (Figure 2). Alizarin red stain-
ing confirmed the presence of calcium deposition within the vessel 
wall. A diagnosis of nonuremic calciphylaxis (NUCA) was made 
based on these findings, with normal kidney function. Treatment 
with intravenous sodium thiosulfate at a dosage of 25 mg 3 times 
a week was initiated in conjunction with regular wound care and 

Figure 2. Skin biopsy specimen from right breast mastectomy. A, Large necrotic cutaneous ulcer (original magnification × 20). B– D, Low-  and 
high- power views showing subcutaneous and dermal blood vessels with coarse basophilic calcification (black arrows; original magnification 
× 40), fibrointimal hyperplasia, luminal narrowing (blue arrows), and fibrin deposition, granulation tissue formation, and septal panniculitis (red 
arrow). D, Original magnification × 100. Sections are stained with hematoxylin and eosin.
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anticoagulation with rivaroxaban 20 mg daily. She received antibi-
otics because her left breast wound had become super infected. 
After ~4 weeks on this treatment regimen (which was maintained 
for 6 months until her remaining lesion healed), our patient began 
to experience improvement in pain and a decrease in the size of 
the lesion on her remaining breast. We also discontinued calcitriol, 
calcium, and ferrous sulfate supplements.

DISCUSSION

Calciphylaxis represents a diagnostic dilemma, particularly 
in the absence of common risk factors such as end- stage renal 
 disease (ESRD) or renal transplantation, as seen in this case. Diag-
nosis requires a high degree of clinical suspicion, and care must 
be taken to rule out other causes of cutaneous ulceration and 
necrosis. This carefully considered diagnosis discernment can 
be achieved through a thorough evaluation, including a thorough 
history of the patient’s presenting symptoms, physical examina-
tion, laboratory data, imaging evaluation, and an appropriate skin 
biopsy sample to examine the histopathology of small vessel vas-
culature of the subcutaneous tissue and dermis.

Calciphylaxis can be uremic or nonuremic. Uremic calci-
phylaxis, or uremic calcific arteriolopathy (CUA), develops in the 
setting of ESRD, early chronic kidney disease, or renal transplan-
tation. Nonuremic calciphylaxis or nonuremic calcific arteriolop-
athy (NUCA) arises in patients without underlying renal disease. 
NUCA is a rare and potentially life- threatening disorder occurring in 
the setting of primary hyperparathyroidism, autoimmune diseases 
such as systemic lupus erythematosus, alcoholic liver disease, 
solid malignancies such as breast cancer, and POEMS (plasma 
cell dyscrasia with polyneuropathy, organomegaly, endocrinopa-
thy, monoclonal protein, skin changes) syndrome (33). Other risk 
factors include diabetes mellitus, obesity, gastric bypass surgery, 
and rapid weight loss (34– 36). NUCA has also been reported in 
patients taking certain medications, including warfarin, recombi-
nant PTH, or corticosteroids (33– 40). The mean age of onset is 
54.5 years, with women affected more compared to men at a ratio 
of 12:2 (41). This disease is associated with a high morbidity rate 
and a 1- year mortality rate of 25– 45% and is typically secondary 
to sepsis from cutaneous wound infections (42). The overall prog-
nosis is better compared to patients with ESRD (42).

The pathogenesis of NUCA is unclear but is thought to be a 
result of the imbalance between calcification promoters and inhib-
itors (42). The cutaneous lesions form as a result of calcification 
of the medial layer of arterioles, which is due to alterations in the 
levels of receptor activator of nuclear factor NF- κB (RANKL) and 
osteoprotegerin, 2 cytokines that play a role in bone remodeling 
and extraskeletal calcification (43). Subintimal fibrosis with nar-
rowing of the subcutaneous arterioles leads to chronic ischemia. 
Thrombosis develops presumably due to progressive calcification 
and endothelial dysfunction, leading to skin ulceration and necro-
sis (43). However, recent studies suggest that calciphylaxis may 

be caused by primary thrombotic microangiopathy due to a local 
prothrombotic environment (42,44– 46). According to a recent 
study, congenital and acquired thrombophilias may play a role in 
the pathogenesis of calciphylaxis because these conditions are 
highly prevalent in patients with calciphylaxis (47).

The cutaneous lesions in NUCA are similar to those 
described in CUA. There is a predilection for the lower extremities, 
and they may present as livedo racemosa, indurated nodules, 
plaques, or purpura, and become necrotic eschars or nonheal-
ing ulcers. These lesions are associated with severe pain. They 
have many mimics and are often mistaken for vasculitic lesions. 
They may become superinfected. Vascular calcifications in calci-
phylaxis can occur at sites outside of the subcutaneous adipose 
and dermis, and radiographic imaging can detect them (48). 
Our patient had extensive vascular calcifications observed on 
her mammogram.

Laboratory findings in NUCA are nonspecific. Approximately 
58% of patients have normal calcium levels, 69% have normal 
phosphorus levels, and 72% have a normal calcium- phosphorus 
product, with the majority of patients having a normal serum cre-
atinine. Hypoalbuminemia is also a common laboratory abnormal-
ity (33). Performing a biopsy of active lesions (<24 hours old) is 
important to confirm the diagnosis in patients without renal impair-
ment and to rule out other disorders that can mimic these lesions. 
Technique and sample selection are important when performing a 
skin biopsy to obtain a sample with the appropriate depth needed 
to assess the subcutaneous vessels (1). Histologically, CUA and 
NUCA are characterized by calcification, thrombosis, and fibroin-
timal hyperplasia in arterioles and capillaries of the subcutaneous 
tissue and dermis, and can be associated with panniculitis and 
necrosis of the epidermis and adipose tissue (42). Use of special 
stains such as the Von Kossa stain or the Alizarin red stain help to 
identify microvascular calcifications (42).

Our patient had several risk factors for the development 
of calciphylaxis, including female sex, obesity, recent rapid 
weight loss after gastric bypass surgery, hypoalbuminemia 
on laboratory testing, and her use of calcitriol, calcium, and 
ferrous sulfate supplements. Women have a higher fat per-
centage than men, and this difference may explain why they 
are at an increased risk for developing NUCA (20). Adipose 
tissue has less blood supply than other tissues. This fact, cou-
pled with the increased rates of comorbid diabetes mellitus 
in obese patients, could further compromise blood circulation 
leading to increased calcium deposition in blood vessels sup-
plying adipose tissue (20). Increased production of matrix met-
alloproteinases in rapid weight loss leads to alterations in the 
protein content in blood vessels, providing a matrix for calcium 
deposition (36). Hypoalbuminemia, which may contribute to 
an increase in free serum calcium, and medications involved 
in bone mineralization such as calcium, vitamin D, and iron 
supplements, may lead to increased risk of microvascular cal-
cification (19,49).
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Our patient was also found to have type II cryoglobulinemia 
related to her HCV diagnosis, but she had no evidence of small ves-
sel vasculitis on her skin biopsy result. Whether cryoglobulinemia 
played any role in the development of calciphylaxis in her case is 
unclear. Although biopsy results of skin lesions in type II cryoglobu-
linemia characteristically reveal LCV, reports have shown that bland 
hyaline microvascular thrombi with no vessel wall inflammation 
can also be detected, particularly in HCV- related cryoglobulinemia 
(49). The mechanism of TMA in HCV- related cryoglobulinemia is 
unknown, but one theory is that cryoglobulins may directly cause 
endothelial wall injury, or that B cell proliferation induced by chronic 
HCV infection leads to the production of antiplatelet autoantibod-
ies, leading to thrombocytopenia and endothelial wall dysfunction, 
with resultant microangiopathy (31,50). As mentioned above, con-
genital and acquired thrombophilias might play a role in the patho-
genesis of calciphylaxis (47). To our knowledge, no studies have 
specifically investigated the potential role of type II cryoglobulins 
in the pathogenesis of calciphylaxis. One possibility is that type II 
cryoglobulins produced during HCV infection damage small blood 
vessel walls, creating a prothrombotic environment that serves as 
a nidus for calcium deposition.

Early recognition and diagnosis of NUCA allows for prompt 
initiation of appropriate therapy and avoidance of potentially dev-
astating complications. The optimal treatment is unknown, but 
a multipronged and interdisciplinary approach is of paramount 
importance. Patients with suspected calciphylaxis require evalu-
ation by a dermatologist or wound specialist. If the diagnosis is 
uncertain, an appropriate surgical excisional skin biopsy should 
be obtained with a specific request for calcium staining with aliz-
arin red or Von Kossa staining to confirm the diagnosis. Manag-
ing comorbidities such as renal failure and removal of identifiable 
precipitants, including warfarin, corticosteroids, calcitriol, calcium, 
and iron supplements, is important. Adequate analgesia, and 
proper wound care should be provided. Antibiotics may be neces-
sary if the cutaneous lesions become super infected. Calcimimetic 
agents, bisphosphonates, and hyperbaric oxygen therapy have 
been used to treat calciphylaxis with varied results (42). Direct oral 
anticoagulants such as rivaroxaban have been used to treat small 
vessel thrombosis in calciphylaxis with good results (46). Intrave-
nous sodium thiosulfate, a chelating agent and antioxidant, has 
shown promising results, and a phase 3 clinical trial (CALISTA) is 
ongoing to evaluate the efficacy of this medication in patients with 
acute calciphylaxis (51). Our patient received both rivaroxaban and 
sodium thiosulfate, which resulted in the improvement of her left 
breast skin lesion.

FINAL DIAGNOSIS

Nonuremic calciphylaxis.
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Data-DrivenPatientClusteringandDifferentialClinical
OutcomesintheBrighamandWomen’sRheumatoid
ArthritisSequentialStudyRegistry
Jeffrey R. Curtis,1  Michael Weinblatt,2 Kenneth Saag,1  Vivian P. Bykerk,3 Daniel E. Furst,4 Stefano Fiore,5 
Gregory St John,6 Toshio Kimura,6 Shen Zheng,5 Clifton O. Bingham III,7  Grace Wright,8 Martin Bergman,9

Kamala Nola,10 Christina Charles- Schoeman,11 and Nancy Shadick2

Objective. To use unbiased, data- driven, principal component (PC) and cluster analysis to identify patient phe no-
types of rheumatoid arthritis (RA) that might exhibit distinct trajectories of disease progression, response to treatment, 
and risk for adverse events.

Methods. Patient demographic, socioeconomic, health, and disease characteristics recorded at entry into a large, 
single- center, prospective observational registry cohort, the Brigham and Women’s Rheumatoid Arthritis Sequential 
Study (BRASS), were harmonized using PC analysis to reduce dimensionality and collinearity. The number of PCs 
was established by eigenvalue >1, cumulative variance, and interpretability. The resulting PCs were used to cluster 
patients using a K- means approach. Longitudinal clinical outcomes were compared between the clusters over 2 years.

Results. Analysis of 142 variables from 1,443 patients identified 41 PCs that accounted for 77% of the cumulative 
variance in the data set. Cluster analysis distinguished 5 patient clusters: 1) less RA disease activity/multimorbidity, 
shorter RA duration, lower incidence of comorbidities; 2) less RA disease activity/multimorbidity, longer RA duration, 
more infections, psychiatric comorbidities, health care utilization; 3) moderate RA disease activity/multimorbidity, 
more neurologic comorbidity; 4) more RA disease activity/multimorbidity, shorter RA duration, more metabolic 
comorbidity, higher body mass index; 5) more RA disease activity/multimorbidity, longer RA duration, more hepatic, 
orthopedic comorbidity and RA- related surgeries. The clusters exhibited differences in clinical outcomes over 2 years 
of follow- up.

Conclusion. Data- driven analysis of the BRASS registry identified 5 distinct phenotypes of RA. These results 
illustrate the potential of data- driven patient profiling as a tool to support personalized medicine in RA. Validation in 
an independent data set is ongoing.

INTRODUCTION

The identification of each patient’s needs and how best 
to meet them is a prerequisite for giving the right treatment to the 
right patient. Recognizing how individual needs fit into identifiable 
patient subgroups can help clinicians better personalize treatment 

decisions for each patient. In rheumatoid arthritis (RA), evolving 
classification by expert consensus has enabled development of 
treatment progression algorithms informed by disease duration, 
disease activity, and prior response to therapies (1,2). Further 
advances in identifying patient subgroups with predictable dis-
ease and treatment response trajectories are needed to achieve 
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goals of precision medicine in RA, such as personalized treatment 
sequencing and personalized strategies to achieve and maintain 
disease remission (3).

Emerging techniques of cluster analysis permit the empirical 
exploration of large, complex data sets without imposition of bias 
and allow a quasi- agnostic selection of variables to be considered 
in determining unrecognized patient subgroups who may subse-
quently share commonality in trajectories of disease progression, 
response to therapy, or risk of adverse events (4). These data- 
driven approaches can identify previously unrecognized patterns 
in data sets, with the potential to inform prognosis and treatment 
decisions (5).

In RA, data- driven approaches have been used to classify 
patients using a range of data sources, including synovial gene 
expression and histologic features (6– 8), whole blood gene 
expression (9), and electronic medical records (10,11). A similar 
approach has been used to interrogate a registry of patients with 
RA with linkage to administrative data to identify predictors for 
hospitalization and cost outcomes (12).

In this study, we used unbiased, data- driven, empirical 
techniques of principal component (PC) and cluster analysis 
to support the classification of patients and investigate longi-
tudinal clinical outcomes over 2 years of follow- up in a large, 

single- center, prospective observational registry cohort, the 
Brigham and Women’s Rheumatoid Arthritis Sequential Study 
(BRASS; NCT01793103). The aim was to identify previously 
unrecognized patient phenotypes that may have different tra-
jectories of disease progression, different responses to treat-
ment, and different risks for adverse events.

MATERIALS AND METHODS

The BRASS registry is a single- center, prospective obser-
vational cohort of patients with RA attending the Brigham and 
Women’s Arthritis Center in Boston, Massachusetts (13). Patients 
were screened for eligibility using the International Classification of 
Diseases, Ninth Revision, followed by rheumatologist diagnosis, 
and met the American College of Rheumatology RA classification 
criteria current at the time. Eligible patients were sent an invita-
tion to participate by mail, and their rheumatologists repeated the 
invitation during a clinic visit. The study protocol was developed 
according to the principles of the Declaration of Helsinki and 
approved by the Partners Institutional Review Board at Brigham 
and Women’s Hospital. All patients provided written informed 
consent. Patient data were collected from self- administered 
patient questionnaires, physician reports, radiographs, and blood 
samples, as described previously (13). Data were not collected 
from electronic health records or administrative records. Patients 
in BRASS are followed in the clinic at least annually and are sent 
questionnaires 6 months into the intervening period.

PCs analysis (PCA). PCA aims to reduce the dimensionality 
of large data sets by identifying factors (i.e., PCs) that underlie 
observed variables to facilitate interpretability of the data, while 
preserving as much information as possible (14,15). Each PC rep-
resents a set of weighted (loaded) variables, with a patient’s score 
for that PC being the sum of each constituent weighted variable 
(5). PCA is conducted stepwise such that the first PC accounts 
for maximal variability in the data set, and each succeeding PC 
accounts for maximal remaining variability and is uncorrelated (i.e., 
orthogonal) to previous PCs (16). To optimize interpretability, PCs 

SIGNIFICANCE & INNOVATIONS
• Data- driven principal component (PC) and cluster 

analysis has the potential to identify previously un-
recognized patient phenotypes to help establish 
prognosis, predict disease trajectory, and inform 
treatment in rheumatoid arthritis (RA).

• Five patient clusters identified by PC and cluster 
analysis of variables recorded on entry into an RA 
registry showed distinct patterns of clinical out-
come over 2 years of follow- up.

• The results suggest that the clusters represent clin-
ically meaningful phenotypes of RA and illustrate 
the potential of data- driven patient profiling as a 
tool to support personalized medicine in RA.
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were rotated using the varimax method, which reduces the num-
ber of variables represented in each PC and more evenly distrib-
utes the share of variance between PCs (14).

PCA was applied to baseline (enrollment) data for all patients 
enrolled in BRASS. Administrative (e.g., initials of the doctor com-
pleting the physician form), free text, highly missing, and redundant 
variables were removed. New variables were aggregated from rel-
evant fields; e.g., the variable “metabolic comorbidity ever” was 
aggregated from the BRASS fields “non- RA medicine” and “ever 
disease” using the medication terms glipizide, glyburide, insulin, 
and metformin, and disease terms including diabetes mellitus, 
obesity, and hyperlipidemia. Methods for data preprocessing and 
imputation are provided in Supplementary Appendix A, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24471/ abstract. PCA was conducted 
using SAS, version 9.4. To optimize the number of vari ables, the 
analysis was performed iteratively by excluding variables with 
loading values <0.30 and repeating the process with a slightly 
higher cutoff each time until all variables had loading of ~0.40 or 
greater. The final number of PCs was determined according to 
eigenvalue >1, cumulative variance ≥0.70, and interpretability; in 
general, each variable was allowed to load onto a single PC only.

Cluster analysis. The final PCs were used to identify 
patient clusters by K- means clustering using SAS (17). The mini-
mum cluster size was 5% of the population. Multiple random ini-
tial centroids were run to find convergence (maximum iteration 
100), and the distance of centroids was determined by Euclid-
ean distance and minimized sum of squared error, with initial 
distance (radius) of centroids (r = 2). The final number of clus-
ters was determined based on 2 different measures of between- 
cluster variance: pseudo F (the ratio of between- cluster variance 
to within- cluster variance) and cubic clustering criterion (CCC). 
Visual inspection of these 2 measures graphed across different 
numbers of clusters was used to identify the optimal confluence 
(agreement) between the measures. Confluence at relatively low 
cluster number was preferred to high cluster number to avoid 
potential overfitting. The average value of each PC (PC score) 
was calculated for each cluster, representing the cluster’s center 
along that PC’s axis.

Longitudinal outcomes. All patients with ≥1 postbaseline 
assessment were included in longitudinal outcomes analyses. 
Mean scores were calculated as observed cases, without impu-
tation for missing values, for annual physician- assessed scores 

Table 1. Demographic, rheumatoid arthritis (RA) disease, and RA treatment characteristics at entry into the Brigham and Women’s Rheumatoid 
Arthritis Sequential Study (BRASS)*

Characteristic
Cluster 1
(n = 691)

Cluster 2
(n = 280)

Cluster 3
(n = 174)

Cluster 4
(n = 108)

Cluster 5
(n = 190)

Overall BRASS
population
(n = 1,443)

RA disease activity/multimorbidity† Less Less Moderate More More
RA duration† Shorter Longer Moderate Shorter Longer
Median age (range), years 55 (20– 86) 57 (22– 89) 55 (18– 86) 60 (18– 84) 64 (23– 91) 57 (18– 91)
Female 548 (79) 231 (83) 157 (90) 87 (81) 165 (87) 1,188 (82)
Race

Asian 2 (<1) 4 (1) 2 (1) 1 (1) 2 (1) 11 (1)
African American 26 (4) 12 (4) 7 (4) 19 (18) 6 (3) 70 (5)
White 632 (91) 261 (93) 163 (94) 85 (79) 177 (93) 1,318 (91)
Other 31 (4) 3 (1) 2 (1) 3 (3) 5 (3) 44 (3)

Median duration of RA (IQR), years 5 (12) 11 (18) 9 (14) 8 (17) 22 (20) 8.5 (20)
CDAI score, mean ± SD 18.1 ± 16.0 17.2 ± 16.3 21.8 ± 16.7 23.0 ± 17.5 25.2 ± 16.7 19.6 ± 16.6

CDAI score ≤2.8 (remission)‡ 111 (16) 49 (18) 13 (7) 8 (7) 10 (5) 191 (13)
CDAI score ≤10 (low disease activity)‡ 298 (43) 130 (46) 63 (36) 30 (28) 45 (24) 566 (39)

DAS28- CRP score, mean ± SD 3.5 ± 1.6 3.5 ± 1.7 3.8 ± 1.6 4.0 ± 1.6 4.2 ± 1.6 3.7 ± 1.7
Subcutaneous nodules in last year 105 (15) 47 (17) 32 (18) 22 (20) 66 (35) 272 (19)
Sjögren’s syndrome in last year 48 (7) 42 (15) 26 (15) 8 (7) 41 (22) 165 (11)
Current RA medications

NSAIDs§ 387 (56.0) 178 (63.6) 106 (60.9) 66 (61.1) 121 (63.7) 858 (59.5)
csDMARDs§ 503 (72.8) 199 (71.1) 123 (70.7) 71 (65.7) 134 (70.5) 1,030 (71.4)
TNF inhibitors§ 253 (36.6) 87 (31.1) 59 (33.9) 35 (32.4) 79 (41.6) 513 (35.6)
Non- TNF bDMARDs§ 6 (0.9) 22 (7.9) 6 (3.4) 3 (2.8) 3 (1.6) 40 (2.8)
Steroids 190 (27.5) 85 (30.4) 56 (32.2) 31 (28.7) 72 (37.9) 434 (30.1)
Opioids 47 (6.8) 38 (13.6) 34 (19.5) 27 (25) 29 (15.3) 175 (12.1)

* Values are the number (%) unless indicated otherwise. bDMARD = biologic and targeted disease- modifying antirheumatic drug; CDAI = Clinical 
Disease Activity Index; csDMARD = conventional synthetic DMARD; DAS28- CRP = Disease Activity Score in 28 joints using the C- reactive protein 
level; IQR = interquartile range; NSAID = nonsteroidal antiinflammatory drug; TNF = tumor necrosis factor. 
† RA disease activity/multimorbidity relative to BRASS cohort average; RA duration relative to the cluster with matching RA disease activity/
multimorbidity. 
‡ Percentage based on number of patients with assessment. 
§ RA medication categories are defined in Supplementary Table 7, available on the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24471/ abstract. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24471/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24471/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24471/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24471/abstract


CURTIS ET AL 474       |

of the Clinical Disease Activity Index (CDAI), the Disease Activity 
Score in 28 joints using the C- reactive protein level (DAS28- CRP), 
the Simplified Disease Activity Index (SDAI), the Rheumatoid 
Arthritis Disease Activity Index (RADAI), swollen joint count, ten-
der joint count, patient self- reported (questionnaire) number of 
flares, the 5- item Mental Health Index, the Multidimensional Health 
Assessment Questionnaire (MDHAQ), and the global status ques-
tion of the MDHAQ. Arthritis Pain Today (0– 10 visual analog scale) 
was used for the patient global assessment component in CDAI, 
SDAI, and DAS28- CRP scores. Kaplan-Meier plots were used 
for time to events for biannual patient questionnaire outcomes of 
infection (“Have you experienced an infection requiring antibiotics 
in the past 6 months?”) and change in RA medication.

RESULTS

Study population. All 1,443 patients enrolled in BRASS 
as of November 13, 2015 were included in the PC and cluster 
analysis. Median age at entry into BRASS was 57.0 years (range 
18– 91 years), 82% of patients were women, median duration of 
RA was 8.5 years (range 0– 65 years), mean ± SD CDAI score was 
19.6 ± 16.6, and mean ± SD DAS28- CRP score was 3.7 ± 1.7. 
In total, 862 patients (60%) were recruited from 2003 to 2004, 
and 581 patients (40%) were recruited from 2005 to 2015. 
Demographic, RA disease, and RA treatment characteristics are 
provided in the last column of Table 1, and general health and 
socioeconomic characteristics in the last column of Table 2.

Results of PCA. From the 2,105 variables obtainable at 
enrollment, 1,428 administrative, free text, highly missing, or 
redundant variables were removed. The remaining set of 677 var-
iables was reduced to 167 by aggregating related variables (see 
Supplementary Table 1, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24471/ 
abstract). These 167 variables were entered into the PCA process, 
which produced 49 PCs with eigenvalue >1 in the first run. During 
the iterative exclusion of low- loading variables, further refinement 
was driven by selecting a loading threshold informed by MDHAQ 
functionality score. This feature of the data was selected as the 
reference because in past studies it typically correlated with RA 
disease trajectories (18). Its loading value on the first PC fluctuated 
around 0.40. The final number of PCs was 41, all with eigenvalue 
>1.0, collectively incorporating 142 variables, each with loading 
≥0.39, including MDHAQ score, which had loading 0.39 in the 
final analysis (see Supplementary Figure 1A and Supplementary 
Table 2, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24471/ abstract). 
The 41 PC constructs together accounted for 77% of the cumu-
lative variance in the data set. Variables with insufficient loading 
for inclusion in the final set of PCs included age, sex, CRP level, 
and employment status (see Supplementary Table 3, available 
on the Arthritis Care & Research website at http://onlin elibr ary.
wiley.com/doi/10.1002/acr.24471/ abstract). On investigating the 
omission of these variables by forcing their inclusion, we found 
that the cumulative variance accounted for declined from 77% to 

Table 2. Health and socioeconomic characteristics at entry into the Brigham and Women’s Rheumatoid Arthritis Sequential Study (BRASS)*

Characteristic
Cluster 1
(n = 691)

Cluster 2
(n = 280)

Cluster 3
(n = 174)

Cluster 4
(n = 108)

Cluster 5
(n = 190)

Overall BRASS
population
(n = 1,443)

RA disease activity/multimorbidity† Less Less Moderate More More  
RA duration† Shorter Longer Moderate Shorter Longer  
BMI 26.5 ± 5.3 26.1 ± 4.8 26.3 ± 5.8 32.0 ± 7.6 26.6 ± 5.6 26.8 ± 5.6
Charlson Comorbidity Index 1.60 ± 0.93 1.85 ± 1.06 2.02 ± 1.12 3.26 ± 1.54 2.46 ± 1.55 1.94 ± 1.22
CV comorbidity (ever), no. (%) 324 (47) 158 (56) 93 (53) 91 (84) 129 (68) 795 (55)
Metabolic comorbidity (ever), no. (%) 3 (<1) 1 (<1) 3 (2) 108 (100) 2 (1) 117 (8)
Orthopedic comorbidity (ever), no. (%) 38 (5) 14 (5) 33 (19) 22 (20) 167 (88) 274 (19)
Neurologic comorbidity (ever), no. (%) 40 (6) 24 (9) 174 (100) 27 (25) 15 (8) 280 (19)
Current smoker, no. (%) 44 (6) 17 (6) 21 (12) 9 (8) 12 (6) 103 (7)

Pack- years‡ 29.3 ± 20.3 32.9 ± 22.5 20.9 ± 13.2 22.4 ± 18.5 33.9 ± 17.1 28.1 ± 19.2
Ever smoker, no. (%) 283 (41) 115 (41) 75 (43) 51 (47) 89 (47) 613 (42)
Exercise, hours per week 2.0 ± 2.8 2.6 ± 3.4 1.9 ± 2.5 1.4 ± 2.3 1.6 ± 2.3 2.0 ± 2.8
Income, thousands USD 61 58 57 49 51 58
Married, no. (%)§ 479 (69) 177 (63) 110 (63) 58 (54) 117 (62) 941 (65)
Support from friends/relatives per week 5.9 ± 5.4 4.1 ± 5.0 5.3 ± 5.5 5.1 ± 5.5 6.1 ± 5.2 5.5 ± 5.4
Number of doctor visits in last 6 months¶

PCP 0.30 ± 0.71 0.74 ± 0.97 0.45 ± 0.84 0.52 ± 0.88 0.18 ± 0.57 0.40 ± 0.80
Rheumatologist 0.45 ± 0.84 0.88 ± 0.99 0.53 ± 0.88 0.63 ± 0.93 0.24 ± 0.65 0.53 ± 0.88

* Values are the mean ± SD unless indicated otherwise. BMI = body mass index; CV = cardiovascular; PCP = primary care physician; RA = 
rheumatoid arthritis; USD = US dollars. 
† RA disease activity/multimorbidity relative to BRASS cohort average; RA duration relative to the cluster with matching RA disease activity/
multimorbidity. 
‡ Pack = 20 cigarettes. 
§ Living with spouse or significant other. 
¶ Not counting the enrollment visit. 
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Figure 1. Heatmap of principal component (PC) scores across the clusters, showing variation relative to overall Brigham and Women’s 
Rheumatoid Arthritis Sequential Study average. PCs are ranked by variance explained. Positive scores appear in red, negative scores in 
blue. csDMARD = conventional synthetic disease- modifying antirheumatic drug; curr = current; GI = gastrointestinal; NSAID = nonsteroidal 
antiinflammatory drug; RA = rheumatoid arthritis; TNFi = tumor necrosis factor inhibitor.

Cluster
PC name and number 1 2 3 4 5

Disease activity 1
RA-related surgery/total Sharp/disease duration 2

Healthcare utilization 3
Mental health/social support 4

Past RA csDMARD/curr TNF medicine usage 5
RA manifestations 6

Autoimmune comorbidity 7
Osteoarthritis comorbidity 8

Metabolic comorbidity 9
Serology 10

Cardiovascular comorbidity 11
Psychiatric comorbidity 12

Allergic comorbidity 13
Sicca/exocrine comorbidity 14

Musculoskeletal comorbidity 15
Smoking 16

Urologic comorbidity 17
Endocrine comorbidity 18

Neurologic comorbidity 19
RA meds (steroids/opioids/RA medications) 20

GI comorbidity 21
Other comorbidity 22

Exercise 23
Pulmonary comorbidity 24

Blood pressure 25
Family support/education 26
Hematologic comorbidity 27

Marital status/income/living with people 28
Supplements and nutraceuticals 29

Oncologic comorbidity 30
Hepatic comorbidity 31

RA flares 32
Infectious comorbidity 33

Renal comorbidity 34
Body mass index 35

Orthopedic comorbidity 36
Race 37

Non-RA-related surgery 38
RA meds (curr non-TNFi/past TNFi) 39

RA meds (NSAID/csDMARD) 40
First joint 41
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76%, owing to the numerator (variance explained) not increasing 
as much as the denominator (total variance). The interpretation 
of these variables’ omission in the data- driven process is that 
these variables (loading <0.39) might be meaningful in separating 
patients with RA as standalone variables, but their contribution 
was overshadowed by related variables. For example, CRP level 
as a standalone variable was below the threshold for inclusion 
because its effects were already included in the PC disease activ-
ity, which included CRP level in the DAS28- CRP score. Similarly, 
the contribution of age and sex as standalone variables was atten-
uated because of the incorporation of other variables correlated 
with age and sex already included in PCs. Generally, each PC 
identified related characteristics, with some exceptions (see Sup-
plementary Table 2, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24471/ 
abstract; PC 3: number of doctor visits, community groups, and 
family history of myocardial infarction). For brevity, PC 3 is here-
after designated “health care utilization.”

Results of cluster analysis. Cluster analysis distinguished 
5 patient clusters at a pseudo F of 28.45 and CCC of 24.26 
(see Supplementary Figure 1B, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24471/ abstract). The clusters were well separated (see Sup-
plementary Figure 2 and Supplementary Table 4, available at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24471/ abstract), 
and each reflected a distinctive profile of PCs (Figure 1). Owing 
to the introduction of new biologic therapies in 2010 during the 
BRASS enrollment period, subanalyses were conducted for 
patients enrolled before and after 2010. These showed negligible 
effect on cluster identification. Variables related to time had only 
a marginal role in defining clusters.

Differences between clusters for the parameters shown in 
Tables 1 and 2 were formally tested using an analysis of variance 
(ANOVA) F- test and pairwise comparisons (see Supplementary 
Table 5, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24471/ abstract). 
All parameters showed significant differences between clusters 
by ANOVA F- test, except smoking, current medication use, and 
Asian race. Pairwise comparison between clusters indicated that 
specific clusters were driving significance for some characteristics, 
with cluster 1 showing lower current opioid use, cluster 2 showing 
higher use of non– tumor necrosis factor (TNF) treatments, and 
cluster 4 showing higher metabolic comorbidities and body mass 
index (BMI).

The 5 clusters were distributed along a spectrum of RA dis-
ease activity (Table 1). The 2 clusters with the lowest RA disease 
activity also exhibited the lowest prevalence of comorbidities but 
differed in RA duration (Tables 1 and 2). Similarly, the 2 clusters with 
the highest RA disease activity also exhibited the highest preva-
lence of comorbidities but differed in RA duration. The clusters 
were named according to RA disease activity/multimorbidity, RA 

duration, and distinguishing PC(s). Cluster PC scores and mean 
values of each component variable are provided in Supplemen-
tary Table 6, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24471/ abstract. 
Cluster PC scores represent the distance in SDs of the clus-
ter mean from the overall BRASS population mean for that PC. In 
the overall BRASS population, each PC has a score of 0, with SD 
of 1 (see Supplementary Table 6).

Cluster characteristics. Cluster 1 (less RA disease activity/
multimorbidity, shorter RA duration, lower incidence of comorbidi-
ties) was notable in having low incidence of comorbidities relative 
to the other clusters, illustrated by negative PC scores for most 
comorbidities (Figure 1). The lowest PC score in cluster 1 was 
– 0.29 for psychiatric comorbidity, which reflects 11% prevalence 
of psychiatric comorbidity ever, compared with 27% in the overall 
BRASS population (see Supplementary Table 6, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24471/ abstract). Cluster 1 also had the lowest PC 
scores across clusters for health care utilization (– 0.21; reflected 
by mean 0.30 primary care physician [PCP] visits in the last 
6 months, compared with 0.40 in BRASS overall) (Table 2).

Cluster 2 (less RA disease activity/multimorbidity, longer RA 
duration, more infections, psychiatric comorbidities, health care uti-
lization) had the lowest disease activity PC score (– 0.13, illustrated 
by mean CDAI score of 17.2, compared with 19.6 in the overall 
BRASS cohort). Cluster 2 had longer duration of RA than cluster 1 
(median 11 versus 5 years, respectively [Table 1], reflected in higher 
PC score for RA- related surgery/total Sharp score/ disease dura-
tion: +0.12 versus – 0.10, respectively). The high  est PC score in 
cluster 2 was +0.61 for psychiatric comorbidity (reflected by 51% 
prevalence of psychiatric comorbidity ever, predominantly depres-
sion). Cluster 2 also had the highest PC scores across clusters 
for infection comorbidity (+0.60, reflected by a 59% prevalence of 
infection comorbidity ever), health care utilization (+0.55, reflected 
by a mean 0.74 PCP visits in the last 6 months), RA medica-
tions (nonsteroidal antiinflammatory drug/conventional synthetic 
disease- modifying antirheumatic drug [csDMARD]) (+0.34), and 
RA medications (non- TNF biologic DMARD [bDMARD]) (+0.24). 
Cluster 2 was also characterized by above BRASS average onco-
logic comorbidity (+0.38) and below BRASS average neurologic 
comorbidity (– 0.46) and orthopedic comorbidity (– 0.39). Patients 
in cluster 2 had the highest mental health/social support (score 
+0.11) and did the most exercise (exercise score +0.06; reflected 
by a mean 2.6 hours of exercise per week).

Cluster 3 (moderate RA disease activity/multimorbidity, more 
neurologic comorbidity), although well separated from the other 
clusters across the spectrum of PCs (see Supplementary Figure 2, 
available on the Arthritis Care & Research website at http://online 
libr ary.wiley.com/doi/10.1002/acr.24471/ abstract), was interme-
diate according to the terms of multimorbidity, RA disease activ-
ity, and RA duration. Patients in cluster 3 had the highest score 
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for neurologic comorbidity (+2.39), which predominantly con-
sisted of migraine and dementia (ever prevalence 77% and 5%, 
respectively). Other above BRASS average PCs in cluster 3 were 
hematologic comorbidity (+0.10), allergic comorbidity (+0.10), and 
smoking (+0.08).

Cluster 4 (more RA disease activity/multimorbidity, shorter 
RA duration, more metabolic comorbidity, higher BMI) was nota-
ble for a high prevalence of metabolic comorbidity (score +3.4), 
predominantly diabetes mellitus (ever prevalence 10% for type 1 
and 80% for type 2). Cluster 4 also exhibited the highest scores for 
BMI (median BMI 31; PC score +0.27) and cardiovascular comor-
bidity (+0.25). Patients in cluster 4 had below average mental 
health/social support (score – 0.19) and exercise (– 0.11; mean 1.4 
hours/week) but slightly above average family support/educ ation 
(+0.04). Cluster 4 had the highest proportion of African Ameri-
cans (race score +0.21, translating to 18% African American, 79% 
White, 4% Other).

Cluster 5 patients (more RA disease activity/multimorbid-
ity, longer RA duration, more hepatic, orthopedic comorbidity 
and RA- related surgeries) had the highest disease activity (score 
+0.17, reflected by a mean CDAI score of 25.2 and 76% of 
patients having a CDAI score >10) (Table 1), RA manifestations 
(+0.17, reflected by 35% and 22% prevalence of subcutaneous 

nodules and Sjögren’s syndrome, respectively), and orthopedic 
comorbidity (+1.85). History of RA surgery was most prevalent 
in cluster 5 (56%, compared with 36% in BRASS overall). Cluster 
5 also exhibited the highest score among the clusters for hepatic 
comorbidity (+0.74), musculoskeletal comorbidity (+0.19), and 
gastrointestinal comorbidity (+0.18). Patients in cluster 5 were on 
average the oldest (median age 64 years) and had the highest 
average blood pressure (+0.11; mean 130/77 mm Hg).

Longitudinal outcomes over 2 years. The proportions 
of patients remaining in the study were 94%, 88%, and 76% at 
6 months, 1 year, and 2 years, respectively. BRASS patient attri-
tion was worst in cluster 2 (31% at 2 years) and least in cluster 
1 (20% at 2 years; see Supplementary Figure 3, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24471/ abstract). The greatest absolute improve-
ments in CDAI score over 2 years were observed in clusters 3 and 
4 (Figure 2). Cluster 5 had the highest CDAI score at baseline and 
showed less improvement than clusters 3 and 4. The lower RA 
disease activity/multimorbidity clusters (1 and 2) had the lowest 
CDAI scores at baseline and showed improvement to 1 year but 
not thereafter, possibly consistent with a floor effect. The different 
disease activity scores showed generally similar patterns of results 

Figure 2. Clinical outcomes over 2 years. Mean Clinical Disease Activity Index (CDAI) score (A), Multidimensional Health Assessment 
Questionnaire (MDHAQ) score (B), 5- item Mental Health Index (MHI- 5) score (C), and tender joint count (D). Observed cases with no imputation 
for missing data. 95% CI = 95% confidence interval; BMI = body mass index; RA = rheumatoid arthritis. Error bars indicate the 95% CI.

1. Less RA disease ac�vity/mul�morbidity, shorter RA dura�on, lower incidence of comorbidi�es (n = 691)

5. More RA disease ac�vity/mul�morbidity, longer RA dura�on, more hepa�c, orthopedic comorbidity and RA-related surgeries (n = 190)

2. Less RA disease ac�vity/mul�morbidity, longer RA dura�on, more infec�ons, psychiatric comorbidi�es, health care u�liza�on (n = 280)

4. More RA disease ac�vity/mul�morbidity, shorter RA dura�on, more metabolic comorbidity, higher BMI (n = 108)
3. Moderate RA disease ac�vity/mul�morbidity, more neurologic comorbidity (n = 174)
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across the clusters, except for the RADAI, which discriminated 
well between clusters 1 and 2 but not between clusters 3, 4, and 
5 (see Supplementary Figure 4, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24471/ abstract). There were marked differences between clus-
ters for change in tender joint count (Figure 2). Clusters 1, 2, and 
5 showed virtually no change in tender joint count over 2 years, 
whereas clusters 3 and 4 showed steady improvement. Patients 
in cluster 3 had the worst mean mental health index score at 
baseline and showed the greatest improvement over 2 years.

Time to first infection in BRASS was longest for patients 
in cluster 1 and shortest in cluster 5 (Figure 3A). By 2 years of 
follow- up, 51% of patients in cluster 1 and 70% of patients in 
cluster 5 had reported a first infection in BRASS. First change 
in csDMARD or bDMARD occurred in approximately one- half of 
patients across clusters by 1 year. By 2 years, there was a notice-
able difference between cluster 5, in which 59% of patients had 
recorded a first change in csDMARD or bDMARD, and the other 
clusters, in which ~70% of patients had recorded a first change 

in csDMARD or bDMARD (Figure 3B). First change in bDMARD 
occurred in approximately one- half of patients in clusters 1– 4 by 
18 months, rising to ~60% by 2 years (Figure 3C). By contrast, 
in cluster 5, first change in bDMARD occurred in 46% of patients 
by 2 years.

DISCUSSION

In this study, a data- driven approach was used to identify 
5 distinct patient phenotype clusters in RA using only baseline 
data measured at enrollment. The clusters were differentiated 
by general health state and behaviors, RA disease activity, and 
RA duration, and they followed different trajectories of disease 
progression over 2 years of follow- up. These properties sug-
gest that the clusters may represent meaningful phenotypes 
of RA.

The goal of data- driven identification of phenotypes within 
RA is to guide patient management and suggest paths for 
 additional studies to determine treatment approaches based on 

Figure 3. Time to first infection (A), change of conventional synthetic or biologic disease- modifying antirheumatic drug (DMARD) (B), and 
change of biologic DMARD (C). BMI = body mass index; RA = rheumatoid arthritis.

1. Less RA disease ac�vity/mul�morbidity, shorter RA dura�on,
lower incidence of comorbidi�es (n = 691)

2. Less RA disease ac�vity/mul�morbidity, longer RA dura�on,
more infec�ons, psychiatric comorbidi�es, health care
u�liza�on (n = 280)

3. Moderate RA disease ac�vity/mul�morbidity, more neurologic
comorbidity (n = 174)

4. More RA disease ac�vity/mul�morbidity, shorter RA dura�on,
more metabolic comorbidity, higher BMI (n = 108)

5. More RA disease ac�vity/mul�morbidity, longer RA dura�on,
more hepa�c, orthopedic comorbidity and RA-related
surgeries (n = 190)
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phenotype. Rapid recognition of defined phenotypic patterns 
within a  fast- paced practice setting could provide added informa-
tion to facilitate personalized management strategies for individual 
patients. Thus, phenotypic differences in non- RA factors could 
inform the direction of discussion when broadening the consul-
tation outside RA, with the aim of exploring additional support 
where needed as part of collaborative goal setting and shared 
decision- making. For example, in our study, among the more RA 
disease activity/multimorbidity clusters, cluster 4 (more RA dis-
ease activity/multimorbidity, shorter RA duration, more metabolic 
comorbidity, higher BMI) showed a strong negative score for the 
PC mental health/social support, whereas cluster 5 (more RA 
disease activity/multimorbidity, longer RA duration, more hepatic, 
orthopedic comorbidity and RA- related surgeries) was close to 
the BRASS average for this PC. Interventions focused on mental 
health and social support might be well targeted at patients with 
characteristics similar to cluster 4.

It is well established that comorbid conditions can be major 
factors driving differential outcomes in patients with RA (19– 
21). In the current study, the key role of comorbid conditions 
in defining the clusters is apparent from their large observed 
differences in comorbidity PC scores. The clusters differenti-
ated strongly on certain comorbid conditions but not others. 
For example, metabolic comorbidities were highly prevalent in 
cluster 4 (more RA disease activity/multimorbidity, shorter RA 
duration, more metabolic comorbidity, higher BMI) but were rare 
in the other clusters, including cluster 5 (more RA disease activ-
ity/multimorbidity, longer RA duration, more hepatic, orthopedic 
comorbidity and RA- related surgeries). These findings might 
support an association between metabolic and inflammatory 
pathways or prolonged medication use in 1 particular RA phe-
notype more than in other phenotypes, with the potential to 
influence screening and treatment for cardiovascular risk fac-
tors (22). Similarly, the high score for neurologic comorbidities 
in cluster 3 (moderate RA disease activity/multimorbidity, more 
neurologic comorbidity) underlines the importance of neurologic 
drivers and manifestations in some patients with RA (23,24). 
In contrast, differences between clusters were relatively minor 
for other autoimmune, gastrointestinal, pulmonary, and renal 
comorbid conditions.

The ability to classify patient characteristics using data- 
driven techniques has the potential to promote the goals of per-
sonalized medicine (4). The very large amounts of data stored 
in electronic records have hitherto been essentially inaccessible 
for day- to- day clinical decision- making. Approaches to apply 
these data to enhance patient care have become a major focus 
of research investigation (3). If successful, these approaches 
could significantly augment the depth of information available 
to clinicians making treatment decisions with their patients. The 
 techniques reported here that incorporate demographic character-
istics, psychosocial factors, clinical features, and patient- reported 
outcomes might be used alongside genome, transcriptome, 

and proteome information to contribute to improved precision 
in matching patients to treatments (25).

Assessment of longitudinal outcomes revealed differences 
between clusters in disease trajectory over 2 years of follow- up, 
although these differences were not tested formally. Formal 
testing of hypotheses around differences between clusters in 
disease outcomes and response to treatment is planned as 
part of a cross- registry validation of the clusters. In the cur-
rent study, RA disease activity scores generally improved more 
over 2 years in clusters 3 and 4 (moderate RA disease activity/ 
multimorbidity, more neurologic comorbidity; more RA disease 
activity/ multimorbidity, shorter RA duration, more metabolic 
 comorbidity, higher BMI) than in the other clusters. The rel-
atively smaller improvement in the less RA disease activity/ 
multimorbidity clusters, 1 and 2, might be partly a result of a 
floor effect, whereby patients with better RA control have less 
room for improvement. While there was variation between the 
clusters in registry attrition over time, the differences were rel-
atively small and considered to have had minimal effect on the 
observed longitudinal outcomes. The key factors influencing 
attrition in BRASS have been identified previously and include 
shorter RA disease duration and higher RA disease activity (26). 
The variation observed in attrition rate between clusters did 
not map straightforwardly by cluster RA disease duration and 
activity; the cluster with the worst attrition was cluster 2 (less RA 
disease activity/multimorbidity, longer RA duration, more infec-
tions, psychiatric comorbidities, health care utilization).

The limitations of this analysis include the single- center 
nature of the registry, which limits the range of clinical approaches 
to patient care and imposes geographic constraints on patient 
selection, availability, and retention. The generalizability of the 
results needs to be assessed and the cluster- based phenotypes 
validated in an independent data set. Moreover, in common with 
all registries, there is potential selection bias, such that patients 
who agree to participate in RA registries might not be completely 
representative of all patients with RA. In addition, the range of 
variables collected in BRASS is broad but does not exclude the 
likelihood that some unknown distinguishing variables were not 
captured or assessed and consequently did not contribute to the 
PC and cluster analyses. Another limitation is the cross- sectional 
nature of the PC and cluster analysis, which was applied only to 
baseline (enrollment) variables and did not allow investigation of 
whether and to what extent patients might migrate between clus-
ters over time.

In conclusion, 5 patient clusters identified by data- driven 
PC analysis of the BRASS registry exhibited distinct patterns of 
clinical outcome and management over 2 years of follow- up. 
The clinical outcomes data suggest that the clusters represent 
clinically meaningful categories of RA and illustrate the poten-
tial of data- driven patient profiling as a tool to support person-
alized medicine in RA. Validation in an independent data set is 
ongoing.
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Conversion of Functional Assessment of Chronic 
Illness Therapy– Fatigue to Patient- Reported Outcomes 
Measurement Information System Fatigue Scores in Two 
Phase III Baricitinib Rheumatoid Arthritis Trials
Clifton O. Bingham III,1 Susan J. Bartlett,2 Carol Kannowski,3 Luna Sun,3 Amy M. DeLozier,3 and David Cella4

Objective. The Functional Assessment of Chronic Illness Therapy– Fatigue (FACIT- F) is validated for measuring 
fatigue in rheumatoid arthritis (RA). However, 10 of 13 FACIT- F items are identified as relevant to patients with 
RA. The Patient- Reported Outcomes Measurement Information System (PROMIS) uses an item response theory– 
calibrated T score metric. The PROMIS Fatigue item bank includes the FACIT- F items, enabling score conversion. 
The performance of converted PROMIS Fatigue scores has not been evaluated in RA populations or clinical 
trials. Our objective was to assess the performance of converted PROMIS Fatigue scores in 2 RA clinical trials of 
baricitinib.

Methods. Crosswalk tables and pattern- scoring methods converted FACIT- F scores to PROMIS Fatigue for both 
the 13- item FACIT- F and the 10- item RA- optimized FACIT- F instrument, in 2 RA clinical trials evaluating baricitinib, 
RA- BEAM, and RA- BEACON. RA- BEAM patients had an inadequate response to methotrexate. RA- BEACON patients 
had an inadequate response or intolerance to ≥1 tumor necrosis factor inhibitor. Baricitinib was compared to all 
treatment arms via analysis of covariance on PROMIS Fatigue score conversions.

Results. Baseline FACIT- F– derived PROMIS Fatigue scores reflected severe fatigue across treatment groups and 
were similar using different scoring methods. At week 24 in both studies, baricitinib was associated with clinically 
meaningful improvements in PROMIS Fatigue scores. PROMIS Fatigue scores were consistent for conversion 
methods and for the 13- item or 10- item FACIT- F.

Conclusion. All 4 conversion methods showed differentiation of active treatment compared with placebo from 
week 12, supporting the use of the PROMIS Fatigue and converting the 10- item FACIT- F to assess fatigue and 
demonstrate treatment benefit in RA clinical trials on a standardized metric.

INTRODUCTION

Patients living with rheumatoid arthritis (RA) have identified 
fatigue as one of the most troubling symptoms of their condition, 
contributing to considerable interference in their ability to conduct 
normal daily activities and participate in social roles (1). For many 
years, the measurement of fatigue has been recommended for 

inclusion in the RA core set of measures (Outcome Measures in 
Rheumatology), but there is no agreed- upon instrument for its 
assessment (2,3).

The 13- item Functional Assessment of Chronic Illness 
Therapy– Fatigue (FACIT- F) instrument was originally developed 
for use in cancer patients to evaluate fatigue (4). FACIT- F has also 
been validated to assess RA- related fatigue and so has been used 
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as an instrument in many randomized clinical trials in RA (5). The 
European Medicines Agency includes the FACIT- F as an instru-
ment to evaluate fatigue as a secondary endpoint in RA trials (6). 
There is increasing interest in demonstrating the content relevance 
of patient- reported outcomes instruments in a given population 
of patients under study (7,8). The FACIT- F instrument was eval-
uated for its content relevance in semistructured interviews with 
17 patients with RA, and 10 items were found to be most relevant 
to patients with RA, creating a 10- item optimized version of the 
instrument (9).

The Patient- Reported Outcomes Measurement Information 
System (PROMIS) was developed to provide patient- reported 
outcomes instruments that could be used across a range of 
chronic medical conditions. PROMIS was developed using item 
response theory (IRT) and calibrated in US general and clinical 
populations. Scores are presented using a T score metric, cen-
tered on a population mean of 50 with an SD of 10. Fatigue is 1 
of the domains included in PROMIS. While developing items for 
the PROMIS Fatigue item bank, questions from existing instru-
ments, including all 13 items from FACIT- F, were selected (10). 
PROMIS Fatigue instruments (computer- adaptive tests and fixed 
7-  or 8- item short forms) have been used and validated in small 
observational studies of RA (10– 14), but there are no studies to 
date reporting the performance of PROMIS Fatigue in RA rand-
omized clinical trials.

A series of linking crosswalk tables have been developed to 
convert individual, patient- level, raw 13- item FACIT- F scores to 
PROMIS T scores through the PROsetta Stone effort (PROsettaS-
tone.org and HealthMeasures.net) (15,16). Because the FACIT- F 
items are included in the PROMIS Fatigue item bank, individual 
FACIT- F questions can be linked using a pattern- scoring method 
and IRT parameters through the publicly available Assessment 
Center scoring service (17).

Baricitinib is an oral selective inhibitor of JAK1 and JAK2 
that has been approved for the treatment of moderately to 

severely active RA in adults. The FACIT- F was administered as 
a secondary outcomes assessment in pivotal clinical trials of 
baricitinib, including the RA- BEAM and RA- BEACON studies. 
We converted the FACIT- F scores obtained in these studies 
onto the PROMIS Fatigue metric to gauge the performance of 
PROMIS Fatigue measures in RA clinical trials.

PATIENTS AND METHODS

Patients. Data from patients who participated in 2 phase III 
baricitinib RA trials, RA- BEAM and RA- BEACON, were used for 
this analysis. Patients in both studies were adults with a diagnosis 
of moderate- to- severe adult- onset RA as defined by the American 
College of Rheumatology/European League Against Rheumatism 
criteria for the classification of RA (18), including at least 6 of 68 
tender joints and 6 of 66 swollen joints.

RA- BEAM (NCT01710358) was a randomized, double- blind, 
double- dummy, placebo-  and active- controlled, parallel- arm, 52- 
week study conducted at 281 centers in 26 countries. Patients 
enrolled in RA- BEAM had an inadequate response to meth-
otrexate and were randomized 3:3:2 to placebo once daily, 
baricitinib 4 mg once daily, or adalimumab 40 mg biweekly (19). 
RA- BEACON (NCT01721044) was a randomized, double- blind, 
placebo- controlled, 24- week study conducted at 178 centers in 
24 countries. Patients who were enrolled in RA- BEACON had an 
inadequate response or intolerance to 1 or more prior biologic 
tumor necrosis factor inhibitors and were randomized 1:1:1 to 
placebo once daily, baricitinib 2 mg once daily, or baricitinib 4 mg 
once daily (20). Detailed methods for RA- BEAM and RA- BEACON 
have been published previously (19,20).

FACIT- F instrument and conversion methods. Fatigue 
was assessed using the FACIT- F (range 0– 52), with higher scores 
representing less fatigue (5). FACIT- F was collected at baseline, 
then every 4 weeks until week 24 for RA- BEACON and at week 
32 for RA- BEAM; FACIT- F was also collected at week 40 and 
week 52 for RA- BEAM. Conversions from FACIT- F to PROMIS 
Fatigue were performed at the individual patient level, using cross-
walk tables and a pattern- scoring algorithm for a 13- item FACIT- F 
as well as a 10- item optimized RA FACIT- F, including only items 
deemed most relevant to RA (9).

PROMIS Fatigue scoring with a crosswalk table. The 
FACIT- F total score was used to look up the PROMIS T score 
and T score SE for each participant from a validated crosswalk 
table (21) (Supplementary Table 1, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24144/ abstract). The SE was used to derive a linking error 
assuming normality, which can be positive, negative, or zero. The 
linking error was then added to the T score to obtain the PROMIS 
Fatigue score. Supplementary Figure 1, available at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24144/ abstract, summarizes 

SIGNIFICANCE & INNOVATIONS
• Conversions enable comparisons across studies 

using the Functional Assessment of Chronic Illness 
Therapy– Fatigue (FACIT- F) or Patient- Reported Out-
comes Measurement Information System (PROMIS) 
Fatigue item subsets.

• PROMIS Fatigue scores allow for interpretation in 
relation to general population norms in the US.

• Crosswalk tables and pattern- scoring methods 
of conversion both produced consistent results, 
showing differentiation of active treatment versus 
placebo in 2 rheumatoid arthritis (RA) clinical trials.

• Consistency in score conversions also supports the 
use of the abbreviated, content- valid 10- item FACIT- F 
in RA clinical trials.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24144/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24144/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24144/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24144/abstract
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the crosswalk table conversion method. This crosswalk conver-
sion method accounts for the uncertainty of using only the total 
13- item FACIT- F score when rescoring to the PROMIS Fatigue. 
The PROMIS Fatigue score may be different for patients who had 
the same FACIT- F score, in the same way that it might be if all 
item- level data were used. As a sensitivity analysis, the PROMIS 
T scores from the table were used directly as the unadjusted 
PROMIS Fatigue scores.

For the 10- item FACIT- F (FACIT- F 10- RA) scores, prorated 
FACIT- F scores were first obtained as (FACIT- F 10- RA) × 13/10. 
Then, the prorated scores were used in the crosswalk table to res-
core for the PROMIS Fatigue in the same manner as the FACIT- F 
conversion described above.

PROMIS Fatigue scoring with the pattern- scoring 
 algorithm. All FACIT- F items are also part of the PROMIS 
Fatigue item bank. PROMIS Fatigue T scores were obtained 
directly for each participant for the FACIT- F and FACIT- F 10- RA 
by following the tutorials provided by HealthMeasures (http://
www.healt hmeas ures.net) (21). Supplementary Figure 2, avail-
able on the Arthritis Care & Research website at http://onlin elibr 
ary.wiley.com/doi/10.1002/acr.24144/ abstract, summarizes the 
pattern- scoring conversion method.

Statistical analysis. Randomized patients in both RA- 
BEAM and RA- BEACON who were treated with 1 or more dose 
of baricitinib were included in the analyses under a modified 
intent- to- treat principle. The last observations before rescue 
treatment or discontinuation were carried forward (modified 
last- observation- carried- forward method) to impute missing 
data. Least squares mean from analysis of covariance and 
effect sizes between treatments were used to compare scores 
from the 2 conversion methods against the FACIT- F or the 
FACIT- F 10- RA.

RESULTS

Demographic characteristics. Patients in RA- BEAM 
had a mean age of 53.3 years, and patients in RA- BEACON had 
a mean age of 55.7 years. The majority of patients in both studies 
were women (77.2% in RA- BEAM and 81.8% in RA- BEACON). 
In RA- BEAM, the mean duration of RA was 8.7 years, and in 
RA- BEACON, 12.5 years. Selected baseline characteristics for 
patients who enrolled in each study are shown in Table 1.

Patients with RA have considerable fatigue at 
 baseline. At baseline, the average converted PROMIS Fatigue 
scores across treatment groups and scoring methods ranged 
from 56.8 to 59.7 in RA- BEAM (FACIT- F range 27.6– 28.6) and 
60.1 to 63.7 in RA- BEACON (FACIT- F range 22.2– 23.4). These 
scores reflect substantial fatigue, approaching or exceeding 1 SD 
worse than a general population average. The PROMIS Fatigue 
scores in RA- BEAM reached normative levels (mean T score <55) 
by week 4 for baricitinib and adalimumab.

Fatigue improves with baricitinib measured by 
the FACIT- F and the converted PROMIS Fatigue scores. 
Tables  2 and 3 show FACIT- F and PROMIS Fatigue scores 
for RA- BEAM and RA- BEACON, respectively, using both the 
crosswalk and pattern- scoring methods. Baricitinib 4 mg 
improved fatigue significantly in comparison to placebo at all 
time points in RA- BEAM and from weeks 12 through 24 in 
RA- BEACON as measured by the FACIT- F (Figure 1). In RA- 
BEACON, baricitinib 2 mg also improved fatigue as measured 
by the FACIT- F  significantly in comparison to placebo from 
weeks 12 through 24 (Figure 1). This improvement in fatigue 
was maintained for PROMIS Fatigue scores obtained through 
the conversion of both the 13- item and 10- item FACIT- F instru-
ments (Figures 2 and 3).

Table 1. Baseline characteristics of patients enrolled in RA- BEAM and RA- BEACON studies*

RA- BEAM RA- BEACON

Placebo
(n = 488)

Baricitinib 4 mg
(n = 487)

Adalimumab
(n = 330)

Placebo
(n = 176)

Baricitinib 2 mg
(n = 174)

Baricitinib 4 mg
(n = 177)

Age, years 53.4 ± 11.8 53.5 ± 12.2 52.9 ± 12.3 56.0 ± 10.7 55.1 ± 11.1 55.9 ± 11.3
Women, no. (%) 382 (78.3) 375 (77.0) 251 (76.1) 145 (82.4) 137 (78.7) 149 (84.2)
Duration of RA, years 8.9 ± 8.0† 8.7 ± 8.6 8.3 ± 7.9 12.8 ± 9.4 12.3 ± 7.5 12.5 ± 8.7
Swollen joint count of 66 15.5 ± 9.4 15.0 ± 8.2 15.4 ± 9.1 17.2 ± 10.8 18.6 ± 12.3 16.3 ± 8.9
Tender joint count of 68 23.3 ± 13.5 23.4 ± 13.0 23.4 ± 13.7 28.3 ± 16.4 31.0 ± 16.3 28.1 ± 15.6
PtGA of disease activity 60.9 ± 22.7† 63.1 ± 21.2† 63.7 ± 21.2† 66.1 ± 18.8 67.4 ± 19.3 66.4 ± 21.9
DAS- 28 hsCRP 5.7 ± 1.0† 5.8 ± 0.9† 5.8 ± 0.9 5.9 ± 0.9‡ 6.0 ± 0.9 5.9 ± 1.0
CDAI 37.6 ± 12.8† 38.1 ± 12.0† 38.0 ± 13.0† 40.6 ± 12.9‡ 42.6 ± 13.1‡ 40.3 ± 13.7‡

* Values are the mean ± SD unless indicated otherwise. Modified last observation carried forward was used to impute missing data; 
nonresponder imputation was also used for Clinical Disease Activity Index (CDAI) values. Placebo (PBO) was once daily, adalimumab 
(ADA) was 40 mg biweekly, and baricitinib (BARI) was 2 or 4 mg once daily. DAS- 28 = Disease Activity Score in 28 joints; hsCRP = high- 
sensitivity C- reactive protein; PtGA = patient global assessment; RA = rheumatoid arthritis. 
† Baseline number (observed) in RA- BEAM: duration of RA: PBO (n = 487); PtGA of disease activity: PBO (n = 487), BARI (n = 486), ADA (n 
= 329); DAS- 28 hsCRP: PBO (n = 487), BARI (n = 486), ADA (n = 329); CDAI: PBO (n = 484), BARI (n = 482), ADA (n = 326). 
‡ Baseline number (observed) in RA- BEACON: DAS- 28 hsCRP: PBO (n = 174); CDAI: PBO (n = 173), BARI 2 mg (n = 171), BARI 4 mg (n = 173). 

http://www.healthmeasures.net
http://www.healthmeasures.net
http://onlinelibrary.wiley.com/doi/10.1002/acr.24144/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24144/abstract
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At week 24 in both studies, baricitinib was associated with 
clinically meaningful improvements from baseline (>0.5 SD, 5 
points on the T score metric) for the PROMIS Fatigue scores 
(Tables 2 and 3 and Figures 2 and 3). The scores obtained did not 
vary considerably when the crosswalk or pattern- scoring meth-
ods were used.

DISCUSSION

Fatigue is a significant symptom for many patients with active 
RA, and its improvement is a signal to many patients that treatment 
is working (22). Although the commonly used FACIT- F and the 
Short Form 36 vitality domain (SF- 36 vitality) instruments have been 

Table 3. FACIT- F and PROMIS Fatigue scores in RA- BEACON study over time*

PROMIS Fatigue

FACIT- F
standard raw score

FACIT- F
crosswalk

FACIT- F 10- RA
crosswalk†

FACIT- F
pattern- scoring

FACIT- F 10- RA
pattern- scoring

Placebo once daily (n = 176)
Baseline‡ 22.2 ± 10.6 62.8 ± 7.5 63.7 ± 7.9 61.6 ± 6.5 61.0 ± 6.2
24 weeks§ 28.9 ± 12.1 58.2 ± 8.7 59.1 ± 9.0 57.1 ± 7.7 56.6 ± 7.3
Change from baseline at 24 weeks 6.6 ± 10.7 – 4.5 ± 7.8 – 4.6 ± 8.0 – 4.5 ± 6.8 – 4.4 ± 6.3

Baricitinib 2 mg once daily (n = 174)
Baseline‡ 22.5 ± 10.0 62.4 ± 7.0 63.6 ± 7.0 61.5 ± 6.1 61.0 ± 5.9
24 weeks§ 31.5 ± 12.3 56.0 ± 9.4 57.5 ± 9.5 55.5 ± 8.2 55.2 ± 7.9
Change from baseline at 24 weeks 8.8 ± 10.4 – 6.3 ± 8.3 – 6.0 ± 8.6 – 6.0 ± 7.1 – 5.7 ± 7.0

Baricitinib 4 mg once daily (n = 177)
Baseline‡ 23.4 ± 11.3 61.9 ± 8.2 63.2 ± 8.7 60.7 ± 7.4 60.1 ± 7.1
24 weeks§ 33.2 ± 12.7 54.4 ± 10.3 55.5 ± 9.6 54.0 ± 8.8 53.7 ± 8.4
Change from baseline at 24 weeks 9.7 ± 10.7 – 7.5 ± 8.5 – 7.6 ± 8.3 – 6.7 ± 7.2 – 6.3 ± 7.0

* Values are the mean ± SD, and n = the number of modified intent- to- treat patients. Lower PROMIS Fatigue scores indicate less fatigue. Modified 
last observation carried forward was used to impute missing data; nonresponder imputation was used with modified last observation carried 
forward for Functional Assessment of Chronic Illness Therapy– Fatigue (FACIT- F; 13 items) scores. FACIT- F 10- RA = FACIT- F, 10 items optimized for 
rheumatoid arthritis; PROMIS = Patient Reported Outcomes Measurement Information System. 
† FACIT- F 10- RA score was prorated to correspond to a FACIT- F score before using the crosswalk table. 
‡ Baseline number (observed): placebo once daily (n = 176), baricitinib 2 mg once daily (n = 174), baricitinib 4 mg once daily (n = 177). 
§ Number (observed) at 24 weeks: placebo once daily (n = 170), baricitinib 2 mg once daily (n = 170), baricitinib 4 mg once daily (n = 174). 

Table 2. FACIT- F and PROMIS Fatigue scores in RA- BEAM study over time*

PROMIS Fatigue

FACIT- F
standard raw score

FACIT- F
crosswalk

FACIT- F 10- RA
crosswalk†

FACIT- F
pattern- scoring

FACIT- F 10- R
pattern- scoring

Placebo once daily (n = 488)
Baseline‡ 28.6 ± 10.7 58.1 ± 7.8 58.9 ± 7.8 57.4 ± 7.1 56.8 ± 6.9
24 weeks§ 35.3 ± 10.6 53.1 ± 8.5 53.9 ± 8.7 52.7 ± 7.5 52.3 ± 7.2
Change from baseline at 24 weeks 6.6 ± 10.4 – 5.0 ± 8.1 – 4.9 ± 8.2 – 4.7 ± 7.4 – 4.5 ± 7.1

Baricitinib 4 mg once daily (n = 487)
Baseline‡ 28.1 ± 10.7 58.6 ± 7.6 59.5 ± 7.5 57.8 ± 7.2 57.3 ± 7.0
24 weeks§ 38.5 ± 9.6 50.2 ± 8.7 51.4 ± 8.5 50.3 ± 7.8 50.1 ± 7.5
Change from baseline at 24 weeks 10.4 ± 10.8 – 8.4 ± 9.1 – 8.1 ± 9.0 – 7.5 ± 7.9 – 7.2 ± 7.6
52 weeks¶ 38.9 ± 9.5 50.1 ± 8.6 51.1 ± 8.5 49.9 ± 7.8 49.7 ± 7.5
Change from baseline at 52 weeks 10.8 ± 10.9 – 8.5 ± 9.1 – 8.4 ± 9.1 – 8.0 ± 8.2 – 7.6 ± 7.9

Adalimumab 40 mg biweekly (n = 330)
Baseline‡ 27.6 ± 11.4 59.0 ± 8.4 59.7 ± 8.9 57.9 ± 7.7 57.3 ± 7.5
24 weeks§ 37.6 ± 10.4 51.1 ± 9.0 52.0 ± 9.0 51.0 ± 7.3 50.7 ± 7.1
Change from baseline at 24 weeks 9.9 ± 11.2 – 7.9 ± 9.0 – 7.6 ± 9.0 – 6.9 ± 7.8 – 6.6 ± 7.4
52 weeks¶ 37.5 ± 10.5 51.0 ± 9.2 51.9 ± 9.4 51.0 ± 7.9 50.7 ± 7.5
Change from baseline at 52 weeks 9.8 ± 10.8 – 7.9 ± 9.2 – 7.8 ± 8.8 – 6.9 ± 8.0 – 6.6 ± 7.7

* Values are the mean ± SD, and n = the number of modified intent- to- treat patients. Lower PROMIS Fatigue scores indicate less fatigue. Modified 
last observation carried forward was used to impute missing data; nonresponder imputation used with modified last observation carried 
forward for Functional Assessment of Chronic Illness Therapy– Fatigue (FACIT- F; 13 items) scores. FACIT- F 10- RA = FACIT- F, 10 items optimized for 
rheumatoid arthritis; PROMIS = Patient Reported Outcomes Measurement Information System. 
† FACIT- F 10- RA score was prorated to correspond to a FACIT- F score before using the crosswalk table. 
‡ Baseline number (observed): placebo once daily (n = 487), baricitinib 4 mg once daily (n = 486), adalimumab 40 mg biweekly (n = 329). 
§ Number (observed) at 24 weeks: placebo once daily (n = 475), baricitinib 4 mg once daily (n = 479), adalimumab 40 mg biweekly (n = 320). 
¶ Number (observed) at 52 weeks: baricitinib 4 mg once daily (n = 479), adalimumab 40 mg biweekly (n = 320). 
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shown to be reliable, valid, and responsive to interventions, their 
content relevance in patients with RA has not been demonstrated 
(3,9). The 10- item FACIT- F is a modified instrument, excluding 3 of  
the original 13 items found to be less relevant to patients with RA. 
All 3 of these measures (i.e., 13- item FACIT- F, 10- item FACIT- F, and 
SF- 36 vitality) have been linked to the PROMIS Fatigue, enabling 
clinical trial reporting on a common, standardized metric, regard-
less of which source questionnaire was used in the trial. This arti-
cle illustrates the validity of this standardized reporting, enabling 
a more informed approach to cross- study comparisons necessary 
for comparative effectiveness research and meta- analysis.

There is increasing interest in the use of PROMIS measures as 
outcomes in RA clinical trials, but they have not yet been deployed 
widely. In the PROsetta Stone effort, crosswalks were developed 

for different measures assessing fatigue, allowing the conversion 
of raw scores of referent patient- reported outcomes measures 
into PROMIS T scores using crosswalk tables. Because all FACIT 
items were included in the PROMIS Fatigue item bank, it is also 
possible to convert FACIT- F item responses directly into corre-
sponding PROMIS T scores based on pattern- scoring methods 
(10,17).

Because of the interest in the performance of PROMIS Fatigue 
in RA clinical trials, we compared the results of various methods 
of converting FACIT- F scores obtained from 2 baricitinib clinical 
trials onto the PROMIS Fatigue scale. We sought to understand 
how PROMIS Fatigue scores that were converted from the original 
13- item FACIT- F or the RA- optimized 10- item FACIT- F would com-
pare, due to the potential importance of content- optimized meas-
ures as patient- reported outcomes in the population of interest 
(i.e., patients with RA). We also compared the PROMIS Fatigue 
scores obtained using raw score crosswalk tables from PROsetta 
Stone with the pattern- scoring method to compute PROMIS 
scores based on individual item- level responses.

Our study demonstrates that PROMIS Fatigue measures, 
irrespective of the score conversion method used, yielded sim-
ilar patterns in terms of the amount of fatigue and change over 
time as with earlier reports from the baricitinib clinical trials using 
FACIT- F (23,24). At baseline among PROMIS Fatigue measures, 
scores were similar across treatment groups using the same con-
version method. Baseline fatigue scores were higher for patients 
in the RA- BEACON study than for those in the RA- BEAM study, 
as may be expected based on higher levels of disease activity at 
baseline for patients in the RA- BEACON study. Results were also 
similar for the prorated 10- item RA- optimized FACIT- F scores or for 
the original 13- item FACIT- F scores converted onto the PROMIS 
T score scale. When comparing the 2 pattern- scoring methods, 
results for the 10- item and 13- item derived scores were also sim-
ilar. Baseline PROMIS Fatigue scores were 0.7 to 3.1 points lower 
(SD 0.07– 0.31) for pattern scoring compared with crosswalk 
tables; this difference is generally regarded as trivial.

In both the RA- BEAM and RA- BEACON trials, FACIT- F 
scores suggested that baricitinib 4 mg was associated with 
significant improvements in fatigue as compared with placebo 
(23,25). Similarly, all PROMIS Fatigue scores showed similar rapid 
declines in fatigue in both studies. Statistically significant and clin-
ically meaningful improvements in fatigue were seen in patients 
receiving active treatment but not placebo as early as week 4, 
the earliest time point of measurement assessed in these stud-
ies, except for the conversion of the 10- item FACIT- F score to 
PROMIS Fatigue via the pattern scoring method in RA- BEACON, 
which began to show significant improvement at week 12. 
PROMIS Fatigue scores continued to decline through 24 weeks 
and were sustained at later time points in RA- BEAM. At 24 weeks, 
the improvement in PROMIS Fatigue scores with baricitinib in both 
studies approached or exceeded 5 units, indicating a considera-
ble improvement (0.5 SD).

Figure 1. Functional Assessment of Chronic Illness Therapy– 
Fatigue (FACIT- F) change from baseline in RA- BEAM (A) and RA- 
BEACON (B) studies. RA- BEAM compared patients receiving 
placebo once daily, baricitinib 2 mg once daily, and adalimumab 
40 mg biweekly. RA- BEACON compared patients receiving once 
daily placebo and baricitinib, 2 mg and 4 mg. Higher scores indicate 
less fatigue for FACIT- F (13 items). * = P ≤ 0.05 versus placebo; 
** = P ≤ 0.001 versus placebo; † = P ≤ 0.05 versus adalimumab 
(P values based on analysis of covariance); LS = least squares; RA = 
rheumatoid arthritis.
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In juvenile idiopathic arthritis, a standard-setting exercise 
evaluated the minimally important change for improvement in 
PROMIS Fatigue scores from the perspectives of patients, par-
ents, and clinicians. In this study, a change of 3.7 to 5.4 units 
was deemed by patients to be the minimum clinically important 
difference (MCID; i.e., enough to detect a difference). Clinicians felt 
that smaller differences might reflect MCIDs (26). In another study 
using anchor-  and distribution- based methods in cancer patients 
completing 2 different PROMIS Fatigue measures, MCIDs were 
calculated. Similar to the results obtained in patients with juvenile 
idiopathic arthritis above, the MCID estimate for PROMIS Fatigue 
in patients with cancer was 3.0 to 5.0 units on the T score metric 
for a 7- item PROMIS Fatigue instrument and 2.5 to 4.5 units for a 
17- item instrument (27).

While in this study we used PROMIS Fatigue items that are 
from the 13-  and 10- item FACIT- F instruments, other PROMIS 
Fatigue short forms will probably perform similarly. For example, 

evidence of the content validity, construct validity, and reliability 
of fixed 7-  and 8- item PROMIS Fatigue short forms in a large 
cohort of patients with RA has been recently published (10– 14). 
PROMIS Fatigue computer- adaptive testing scores were shown 
to be responsive to interventions with conventional synthetic 
disease- modifying antirheumatic drugs (csDMARDs) (14). In that 
study, mean baseline PROMIS Fatigue scores were 56.5 with 
a mean change of 4.5 points after csDMARD initiation, which was 
similar to changes seen in the RA- BEAM study using converted 
PROMIS Fatigue scores.

This study was limited. These results are from a side- by- side 
analysis of conversions from PROMIS Fatigue to FACIT- F from 2 
studies investigating baricitinib. Confirmation in additional clini-
cal and observational trials is desirable. Most patients enrolled in 
RA- BEAM and RA- BEACON had moderate- to- high levels of RA 
disease activity with concomitant high levels of fatigue. The perfor-
mance of these measures in patients with lower levels of baseline 

Figure 2. Patient- Reported Outcomes Measurement Information System (PROMIS) Fatigue change from baseline to 52 weeks comparing 
patients receiving placebo once daily, baricitinib 4 mg once daily, and adalimumab 40 mg biweekly in the RA- BEAM study. PROMIS Fatigue 
conversions are shown from Functional Assessment of Chronic Illness Therapy– Fatigue (FACIT- F; 13 items) scores by A, Crosswalk method, 
and B, Pattern- scoring method, and from FACIT- F 10- RA scores by C, Crosswalk method, and D, Pattern- scoring method. Higher scores 
indicate worse fatigue for PROMIS Fatigue. * = P ≤ 0.05 versus placebo; ** = P ≤ 0.001 versus placebo; † = P ≤ 0.05 versus adalimumab 
(P values based on analysis of covariance); FACIT- F 10- RA = FACIT- F, 10 items optimized for rheumatoid arthritis; LS = least squares.
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fatigue also requires further investigation. Moreover, these results 
are in studies evaluating improvement in fatigue; assessment of 
worsening fatigue using PROMIS Fatigue measures in patients 
starting with low levels of disease activity is also needed.

In summary, we have shown that conversions from 
 FACIT- F to PROMIS Fatigue are feasible and applicable for 
RA clinical trials. PROMIS provides an easy- to- interpret metric 
that is understandable by clinicians and patients and can be 
used to benchmark fatigue against general population norms. 
Crosswalk or pattern- scoring methods of conversion facilitate 
the comparison of studies using the FACIT- F to the PROMIS 
Fatigue metric, allowing for the interpretation of scores against 
general population norms. We recommend the pattern- 
scoring method for conversion whenever possible, particularly 
when there are missing responses. Our results suggest that 
the measurement of fatigue using the PROMIS T score metric 
can be used as an outcome demonstrating treatment benefit 
in RA clinical trials.
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Driving Ability and Safety in Rheumatoid Arthritis: 
A Systematic Review
Daniel J. Zhou,1 Ted R. Mikuls,2  Cynthia Schmidt,1 Bryant R. England,2  Debra A. Bergman,1 Matthew Rizzo,1 
Jennifer Merickel,1 and Kaleb Michaud3

Objective. To identify whether rheumatoid arthritis (RA) is associated with driving ability and/or the use of assistive 
devices or modifications to improve driving ability.

Methods. We conducted a systematic literature review following Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses guidelines of RA and driving ability/adaptations by searching multiple databases from inception to 
April 2018. Eligible studies were original articles in the English language that had quantitative data regarding the study 
objective and at least 5 RA patients. Similar outcomes were extracted across studies and grouped into categories for 
review.

Results. Our search yielded 1,935 potential reports, of which 22 fulfilled eligibility criteria, totaling 6,285 RA 
patients. The prevalence of driving issues in RA was highly variable among the studies. Some of the shared themes 
addressed in these publications included RA in association with rates of motor vehicle crashes, self- reported driving 
difficulty, inability to drive, use of driving adaptations, use of assistance by other people for transport, and difficulty 
with general transportation.

Conclusion. Despite variability among individual reports, driving difficulties and the use of driving adaptations are 
relatively common in individuals with RA. Given the central importance of automobile driving for the quality of life of 
RA patients, further investigations of driving ability and potential driving adaptations that can help overcome barriers 
to safe driving are needed.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, debilitating dis-
ease that adversely impacts quality of life. With symp-
toms of increased pain, fatigue, and stiffness, along with 
reduced muscle strength and mobility, RA can greatly impede 
usual activities of daily living (1– 5). Since there is no cure for 
RA, treatments are aimed at preventing progressive joint dam-
age, reducing pain, and improving function. Consequently, the 
ability to function independently has been identified as a criti-
cal therapeutic goal (6– 8).

In many parts of the world, this independence is exemplified 
by the ability to drive. Rated among the top priorities in improving 
outcomes for pharmacologic interventions in RA, automobile driv-
ing is most commonly used for performing errands and going to 
the doctor (8– 11). The independence afforded by driving is also 
considered to be important for coping with disability (10).

The symptoms frequently accompanying RA have been 
reported to affect driving activities (9). RA patients with upper 
extremity pain and stiffness have recounted difficulties getting in 
or out of the car, opening or closing car doors, fastening seatbelts, 
turning the key, and gripping the steering wheel (2,9,11,12). RA 
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patients with swollen and/or tender foot joints have had difficul-
ties with pushing on the accelerator and brake pedals (10). RA 
patients with neck pain have had difficulty looking to the left and 
right while driving (9).

In many developed countries, physicians are legally obli-
gated to report patients under their care whom they consider 
to be medically unfit to drive. Compared to other subspe-
cialties, a lower percentage of rheumatologists have reported 
the assessment of fitness to drive as integral to their practice 
(12). Although many RA patients have reported difficulties with 
driving, only 5% of these patients were ever offered advice 
about driving from a health care provider (9). Furthermore, 
driving ability does not appear to be routinely assessed during 
their clinical evaluations (9).

Despite the importance of driving in the setting of RA, 
there is still no consensus on how RA impacts driving abil-
ity and whether RA affects driving- related safety, including the 
occurrence of motor vehicle crashes (MVCs). In this system-
atic review, we aimed to identify whether RA is associated with 
driving ability and/or the use of assistive devices or modifica-
tions to improve driving ability. We hypothesized that RA would 
be associated with an increased risk of experiencing MVCs 
and decreased driving ability.

MATERIALS AND METHODS

A systematic review was performed, following the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses 
(PRISMA) guidelines (13). The search approach was submitted 
to the International Prospective Register of Systematic Reviews 
(https://www.crd.york.ac.uk/PROSP ERO/displ ay_record.
php?Recor dID=95446).

Search strategy. Literature searches were carried out 
in the Cumulative Index to Nursing and Allied Health Literature 
(CINAHL), the Cochrane library, Embase, Medline, PreMedline, 
PsycInfo, Google Scholar, and Scopus from inception to April 
2018 by a librarian with an MD and Master of Library Science 
degrees. A wide range of subject headings and keywords related 
to RA and vehicular driving was included in the search strategies 

(see Supplementary Appendix A, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24137/ abstract). The search was expanded also to include 
articles that referenced a potentially relevant article on initial review.

Study selection. The search was restricted to articles in 
the English language. Studies that met inclusion criteria were 
published articles that mentioned RA and vehicular activity, 
driving modifications, or MVCs. The following studies were 
excluded: abstracts, review papers, other articles without any 
original data, studies that analyzed <5 RA patients (e.g., case 
reports, limited case series), and studies without quantitative 
data.

After all articles in the search were retrieved, the review 
was carried out by the lead author. First, titles and abstracts 
were reviewed to determine whether any association between 
RA activity and driving ability was discussed. Then, full texts 
of the remaining eligible studies were independently assessed. 
During the review, all studies not relevant to the above criteria 
or that met the exclusion criteria stated above were excluded.

Data extraction and analysis. For each eligible article, 
the title, authors, publication year, journal, study location, and 
time frame were recorded. Population data listed for each study 
included sample size, average duration of RA, female- to- male 
ratio, and average age. Any outcomes related to driving issues 
were recorded, and articles measuring similar outcomes were 
grouped together. The groups were as follows: experiencing 
MVCs, difficulty driving, inability to drive, use of driving modifica-
tions, receiving driving assistance from others, and difficulty with 
general transportation (see tables). An additional set of studies 
showed a set of rating scales on how difficult it was to commute 
and were summarized accordingly.

Frequencies of each categorical outcome were manu-
ally extracted from cross- sectional studies, cohort studies, and 
case– control studies and presented in the form of prevalence 
of the outcome of a group of RA patients. Data extraction from 
cross- sectional studies was straightforward, as the outcomes 
(e.g., difficulty driving) were already presented in the same for-
mat across multiple studies. Extraction of data from cohort and 
case– control studies was based on prevalence of the outcomes 
before interventions were made, thereby capturing data at a sin-
gle moment in time, similar to cross- sectional studies. For exam-
ple, Nordenskiöld et al published a cohort study that followed 21 
RA patients and surveyed them based on their driving difficulty 
before and after the use of assistive devices or altered work meth-
ods (14). The number of RA patients who reported some difficulty 
versus no difficulty with driving at the beginning of the study was 
recorded and pooled into the category of driving difficulty.

For studies that had patients rate their level of difficulty or 
amount of effort needed to drive a car with a numerical value, 
the results were combined into a binary form (difficult versus 

SIGNIFICANCE & INNOVATIONS
• This is the first systematic review addressing how 

rheumatoid arthritis (RA) impacts driving ability and 
driving- related safety.

• We found multiple studies that showed RA patients 
reporting difficulty with driving, use of driving adap-
tations, and frequency of motor vehicle crashes.

• There are limited and variable data that quantify 
the impact of RA on driving ability, suggesting the 
need for further studies.

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=95446
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=95446
http://onlinelibrary.wiley.com/doi/10.1002/acr.24137/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24137/abstract
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not difficult) for easier comparison. The phrasing for this cat-
egory included the following: having at least “some difficulty” 
with driving a car (14– 17), putting at least “some effort” in 
driving (8), and having a “problem” with driving a car (18). For 
example, Thyberg et al had RA patients rate difficulty driving 
a car from 0 to 3, with 0 as “without any difficulty,” 1 as “with 
some difficulty,” 2 as “with much difficulty,” and 3 as “unable 
to do” (16). Therefore, the number of patients who rated it as 
1 or 2 were categorized as “reporting difficulty driving,” and 
the number of patients who rated it as 3 were categorized as 
“inability to drive.”

Studies that combined driving difficulty with using other 
forms of transportation were placed into the category of “dif-
ficulty driving or using transportation” (11,15,19,20). Two 
of these studies labeled this as reduced transport mobility, 
defined as a reduction in self- transport, being transported by 
someone else, and public transport (19,20). The other 2 stud-
ies named the outcome as getting around your community 
by car or public transportation (11,15). Another set of 3 stud-
ies had RA patients rate commuting difficulty with a numerical 
value based on the combination of amount of physical diffi-
culty getting to and from work, problem with time, and prob-
lem with cost (21– 23).

Obtaining the weighted mean percentages of events in each 
category was considered but ultimately not included due to the 
variable settings of the studies presented in this review. Further-
more, because of the anticipated variability in study designs and 
outcomes, a formal meta- analysis was not performed. Given 
these circumstances, we present the information in the form of a 
narrative literature review.

RESULTS

Our search yielded 1,935 manuscripts after removing dupli-
cates and case reports, of which 22 fulfilled eligibility criteria 
(Figure 1). Publication dates ranged from 1976 to 2015. Most of the 
selected studies were cross- sectional by design (n = 14). Demo-
graphic data for all eligible manuscripts were recorded (Table 1) 
(8,9,11,14– 32). A total of 6,285 RA patients were included in this 
review. Data were recorded primarily from North America, Europe, 
and Australasia. Average age of patients in each study ranged 
from 47 to 63 years. Mean RA duration across all studies was ~12 
years. Only 1 study was noted to survey a group of RA patients 
that were <50% female (26).

Primary driving- related outcomes were grouped as fol-
lows: 1) experiencing a MVC; 2) self- reported driving difficulty; 

Figure 1. Flow diagram of study selection. Eligible studies were divided into 8 groups based on outcomes. Some studies have >1 outcome. 
CINAHL = Cumulative Index to Nursing and Allied Health Literature; RA = rheumatoid arthritis.
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3) self- reported inability to drive; and 4) use of driving adap-
tations (Table 2) (8,9,14,16– 18,25– 29,31,32). Outcomes 
that more broadly captured driving with receiving other forms 
of transportation were categorized as receiving driving assis-
tance from others and difficulty with both driving and using 
transportation (Table 3) (11,15,19,20). Three studies provided 
numerical ratings of difficulty commuting (Table 4) (21– 23). 
Two studies presented outcomes that could not be grouped 
with any of the above categories (24,30). Six studies provided 

direct comparisons of driving- related outcomes between an 
RA group and either a non- RA group or the general population 
(Table 5) (18,24,29– 32).

RA and MVCs. Four studies evaluated the prevalence of 
MVCs by automobile drivers with RA (9,24,29,32). Cranney et 
al reported that 38 of 476 drivers with RA in Ontario, Canada 
had a MVC within the last 5 years (9). Koepsell et al reported an 
odds ratio of 1.6 (95% confidence interval 0.5– 5.3) with cases 

Table 1. Demographic information for patients with rheumatoid arthritis (RA) in all eligible studies*

Author, year (ref.)
Study
design

Time frame,
by year

Country/
region

No. of RA
patients

Average
age, years

Female,
%

Average RA
duration, years

Ahlstrand et al, 2015 (11) Cross- sectional NR Sweden 592 63 73 16
Orriols et al, 2014 (24) Case– control 2005– 2008 France 121 NR NR NR
Wollenhaupt et al, 2013 (8) Cross- sectional 2009 Germany 276 NR 83 NR
Allaire et al, 2009 (22) Case– control 2002– 2005 US 953 51 82 13
Katz et al, 2007 (25) Cross- sectional 2005 US 458 59.5 85 20.4
Katz et al, 2006 (15) Cross- sectional 2003 US 547 60 84 20
Cranney et al, 2005 (9) Cross- sectional 2004 Canada 520 58.5 70 15.5
Thyberg et al, 2005 (16) Cross- sectional NR Sweden 217 NR 69 NR
Busteed et al, 2004 (26) Cross- sectional NR UK 30 51 47 9
Ewert et al, 2004 (18) Cross- sectional 2001– 2003 Germany 37 61.9† 70 NR
Lacaille et al, 2004 (23) Cross- sectional NR Canada 581 48 80 9.8
Thyberg et al, 2004 (17) Cross- sectional NR Sweden 169 NR 74 NR
Lapsley et al, 2002 (27) Cohort NR Australia 81 58.2 80 15.6
Chorus et al, 2001 (19) Cross- sectional NR Netherlands 720 48 63 4.8
Albers et al, 1999 (20) Cohort 1985– 1992 Netherlands 186 53 61 3
Nordenskiöld et al, 1998 (14) Cohort NR Sweden 21 47† 100 NR
Allaire et al, 1996 (21) Cross- sectional NR US 469 47 76 7
Dawson et al, 1995 (28) Cross- sectional NR UK 25 NR NR NR
Koepsell et al, 1994 (29) Case– control 1987– 1988 US 11 NR NR NR
Jones et al, 1991 (30) Cohort 1986– 1988 New 

Zealand
37 NR NR NR

Ekdahl et al, 1989 (31) Cohort NR Sweden 26 53 61 15.3
Maki et al, 1976 (32) Cross- sectional NR Finland 208 NR NR NR

* NR = not reported. 
† Reported value is median age, not mean age. 

Table 2. Primary driving outcomes in rheumatoid arthritis (RA)*

Author, year (ref.)
Country/

region

Experiencing MVC Difficulty driving Inability to drive
Use of driving 
modifications

No.
RA

No.
event %

No.
RA

No.
event %

No.
RA

No.
event %

No.
RA

No.
event %

Wollenhaupt et al, 2013 (8) Germany 276 86 31 276 20 7
Katz et al, 2007 (25) US 458 56 12
Cranney et al, 2005 (9) Canada 476 38 8 520 303 58 520 40 8
Thyberg et al, 2005 (16) Sweden 217 27 12 217 6 3
Ewert et al, 2004 (18) Germany 37 19 51
Thyberg et al, 2004 (17) Sweden 169 24 14 169 5 3
Busteed et al, 2004 (26) UK 30 8 27
Nordenskiöld et al, 1998 (14) Sweden 21 16 76
Dawson et al, 1995 (28) UK 50 25 50 25 9 36
Koepsell et al, 1994 (29) US 11 45
Ekdahl et al, 1989 (31) Sweden 26 2 8
Maki et al, 1976 (32) Finland 208 48 23 765 482 63

* MVC = motor vehicle crash; no. event = number of RA patients who were positive for the corresponding outcome; no. RA = total number of RA 
patients evaluated for the outcome; % = percentage of RA patients who were positive for the corresponding outcome. 
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representing drivers with RA age ≥65 years in Washington state 
who received medical care within 7 days for injuries sustained 
in a MVC; controls were those not injured in a police- reported 
MVC, matched by age, sex, and country of residence (29). In con-
trast, Maki et al reported with statistical significance (P < 0.01) 
that RA patients (23%) from hospitals in Finland were involved in 
fewer MVCs than their age- matched controls (35%) (32). How-
ever, the RA patient group in this study also drove less frequently 
and drank alcohol significantly less often (P < 0.01) than the con-
trol group, introducing a potential confounder in the results (32). 
Finally,  Orriols et al reported that, of the 121 individuals with RA 
involved in a MVC in France between the years 2005– 2008, 58 
were responsible for the MVC, while 63 were not (24).

RA and driving difficulty/inability. Six studies 
reported sets of RA patients who were able to drive but had 
at least some level of difficulty driving (8,9,14,16– 18). Seven 
studies had sets of RA patients who reported a complete in -
ability to drive (8,9,16,17,28,31,32). Wollenhaupt et al reported 
that 86 of 276 RA patients surveyed in Northern Germany 
responded that they drive vehicles with some effort or with a 
lot of effort (8). Cranney et al reported that, of 520 RA patients 
surveyed, 58% mentioned that RA limited their driving ability, 
and another 8% were completely unable to drive (9). Thyberg 
et al surveyed 217 RA patients in Sweden and reported 12% 
having difficulty driving and 3% unable to drive (16). The same 
research team published a similar study in 2004 surveying 284 

patients in the previous year, finding that 14% had driving dif-
ficulties and another 3% were unable to drive (17). Ewert et 
al reported that 19 of 37 patients with RA surveyed in sev-
eral rehabilitation centers in Germany had a problem (perfor-
mance) with driving (18). Nordenskiöld et al reported that 16 
of 21 RA patients in a Swedish hospital had difficulty driving a 
car, but 5 of them had decreased difficulty doing so with the 
use of servo- controlled cars, wrist orthoses, arm supports, 
and/or electric windows (14). Dawson et al noted that 25 of 
50 RA patients surveyed at a clinic in Merseyside, UK were 
not drivers (28). Ekdahl et al had 2 of 26 RA patients regis-
tered at a community care center with RA patients at another 
Swedish hospital who answered “no” on the question “able 
to drive a car” (31). Maki et al (32), who surveyed 765 RA 
patients in Finland in 1973, showed that 63% were not drivers 
(8,9,16,17,28,31).

RA and the use of driving adaptations. Three stud-
ies described the use of various driving adaptations to assist 
drivers with RA (25,26,28). Dawson et al mentioned that 9 
of 25 drivers with RA deliberately bought cars with power- 
assisted steering and/or automatic gear boxes (28). Busteed 
et al reported that 8 of 30 RA patients at a UK hospital made 
adaptations to their vehicles, including a lumbar cushion or 
wedge support (26). Katz et al interviewed 467 RA patients 
in California about specific behavioral accommodations, such 
as the use of assistive devices and personal assistance from 
others, in the setting of driving (25). They reported that 12% of 
drivers with RA used assistive devices to aid in driving, but the 
authors did not specify the devices (25).

Cranney et al stated that the most common car adapta-
tions used by RA patients were automatic windows (71% of 
RA patients), power adjustable seats (43%), a padded or cov-
ered steering wheel (19%), sliding doors (18%), and additional 
back support (18%) (9). Other car adaptations mentioned 
included a remote starter, wide rearview mirrors, key turners, 
push down gear sticks, modified seatbelts, and pedal modifi-
cations (9). Cranney et al also pointed out that vehicle adap-
tations appeared to be underutilized by individuals with RA, 
who may benefit from such settings (9).

Table 3. Transportation outcomes in rheumatoid arthritis (RA)*

Author, year (ref.)
Country/

region

Receiving driving assistance
from others

Difficulty driving or using
transportation

No. RA No. event % No. RA No. event %
Ahlstrand et al, 2015 (11) Sweden 592 190 32
Katz et al, 2007 (25) US 458 76 17
Katz et al, 2006 (15) US 547 148 27
Lapsley et al, 2002 (27) Australia 81 12 15
Chorus et al, 2001 (19) Netherlands 720 73 10
Albers et al, 1999 (20) Netherlands 186 97 52

* No. event = number of RA patients who were positive for the corresponding outcome; no. RA = total number of RA patients 
evaluated for the outcome; % = percentage of RA patients who were positive for the corresponding outcome. 

Table 4. Mean ratings of commuting difficulty*

Author, year (ref.)
No. 
RA

Commuting difficulty

Rating
scale

Mean
rating

Adjusted
rating†

Allaire et al, 2009 (22) 953 0– 10 4.0 4.5
Lacaille et al, 2004 (23) 581 0– 6 1.1 2.9
Allaire et al, 1996 (21) 469 1– 10 2.9 2.9

* In all 3 studies, commuting difficulty was rated based on 3 factors: 
1) amount of physical difficulty getting to and from work; 2) problem 
with time; and 3) problem with costs. Each study had a unique 
rating scale. No. RA = total number of rheumatoid arthritis patients 
evaluated for the outcome. 
† The adjusted rating is the mean rating adjusted to a 1– 10 rating 
scale. 
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RA and the use of transportation assistance from 
other people. Two studies reported a subset of RA patients 
who had received assistance from others for transport (25,27). 
Lapsley et al explored the social impacts and costs of living with 
RA by having 81 RA patients in Sydney, Australia complete 4 cost 
diaries in a year (27). The authors reported that 15% of patients 
received assistance from family and friends to drive them, and 
this type of assistance was a significant independent predictor of 
total expenditure (27). Similarly, Katz et al reported that 17% of 
RA patients received personal assistance with transit (25). While 
Katz et al did not define the term “personal assistance,” they men-
tioned that it may be dependent on resources available, such as 

living with a spouse (25). Although both studies did not specifically 
state that these patients were unable to drive on their own, the 
need to receive help from others to drive them suggests limited 
driving ability.

RA and difficulty with general transportation. Four 
studies reported groups of RA patients who had difficulty with 
transportation in general (Table 3) (11,15,19,20). Ahlstrand et al 
surveyed RA patients in Sweden on multiple valued life activities 
and reported that 147 of 419 women and 43 of 78 men responded 
to being affected by RA in getting around in the community (11). 
The study then correlated this difficulty with higher self- reported 

Table 5. Summary of studies that compared outcomes of patients with rheumatoid arthritis (RA) to either non- RA patients or the general 
population*

Author, year (ref.)
Study 
design

Outcome(s) 
recorded Study populations

Summary of driving- related 
results

Orriols et al, 2014 (24) Case– 
control

Responsibility 
of MVC

Cases: drivers in France responsible for MVC 
(n = 33,200); controls: drivers in France not 
responsible for MVC (n = 36,430); RA 
patients responsible for the MVC (n = 58); 
RA patients not responsible for the MVC  
(n = 63)

Of the RA group, 52% were 
responsible for the MVC; of the 
general population studied, 
52% were responsible for the 
MVC.

Ewert et al, 2004 (18) Cross- 
sectional

Reporting 
driving 
difficulty

RA patients at the University of Munich 
hospital (n = 37); other chronic diseases at 
the hospital: low back pain (n = 163), 
osteoporosis (n = 32), osteoarthritis  
(n = 53), chronic ischemic heart disease  
(n = 72), chronic obstructive pulmonary 
disease (n = 89), diabetes mellitus (n = 67), 
malignant neoplasm of the breast (n = 108), 
obesity (n = 52), chronic widespread pain  
(n = 101), major depressive disorder (n = 50), 
and stroke (n = 93)

>30% of individuals with 
osteoporosis, RA, and stroke 
had difficulty using transport, 
while <30% of individuals in the 
other disease categories had 
difficulty using transport (car, 
bus, train, airplane, etc.).

Koepsell et al, 1994 (29) Case– 
control

Experiencing 
MVC

Cases and controls were drawn from a health 
maintenance organization in Washington 
state; cases: individuals ≥65 years who, as 
drivers, were injured in an MVC (n = 234); 
controls: individuals ≥65 years who had not 
been injured in an MVC during the 
associated calendar year (n = 446); RA 
patients: 2.1% of cases (n = 5), 1.3% of 
controls (n = 6)

Odds ratio for RA patients injured 
in an MVC vs. not injured was 
reported to be 1.6 (95% 
confidence interval 0.5– 1.6); 
odds ratios for other medical 
conditions were also reported.

Jones et al, 1991 (30) Cohort “Unsatisfactory 
driving ability” 
without the 
use of driving 
modifications

RA patients at a hospital in New Zealand  
(n = 37); other medical conditions at the 
hospital: osteoarthritis (n = 23), low back 
pain (n = 16), fibromyalgia (n = 6), ankylosing 
spondylitis (n = 4), and miscellaneous (n = 8)

Found that 7 patients with RA, 5 
with osteoarthritis, and 3 with 
low back pain were evaluated to 
have “unsatisfactory driving 
ability” without the help of 
driving modifications.

Ekdahl et al, 1989 (31) Cohort Inability to drive RA patients in Sweden (n = 36); other medical 
conditions: osteoarthritis (n = 30), diabetes 
mellitus (n = 40)

Of the patients studied, 2 RA 
patients, 11 osteoarthritis 
patients, and 9 diabetes 
mellitus patients were reported 
to be unable to drive a car.

Maki et al, 1976 (32) Cross- 
sectional

Experiencing 
MVC and 
inability to 
drive

RA patients in Finland (n = 208); other medical 
conditions: tuberculosis patients (n = 258), 
psychiatric patients (n = 236); control group 
(n = 332): individuals selected based on 
living in the same counties as those with 
the above medical conditions

23% of the RA group, 35% of the 
control group, 32% of the 
tuberculosis group, and 41% of 
the psychiatric group were 
involved in a traffic accident; 
difference between RA group 
and control group was 
statistically significant at  
P < 0.01.

* Driving- related results are summarized for each study. MVC = motor vehicle crash. 
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pain scores (11). Katz et al also reported 148 of 157 RA patients 
in California stating that they had difficulty “with getting around 
the community by car or public transportation” (15). Chorus et 
al reported that 57 of 343 RA patients withdrawn from the labor 
force, and 16 of 377 employed RA patients, had reduced mobil-
ity in transportation (19). The odds ratio (3.6) was statistically 
significant between the 2 groups (P < 0.05), suggesting that 
reduced mobility may be associated with being withdrawn from 
the work force (19). Albers et al also explored the limitations of 
transport mobility and how it affected work capabilities in patients 
with RA from a hospital in the Netherlands and found that 97 of 
186 RA patients reported a decline in transportation mobility (20).

In another 3 studies, outcomes were based on the same 
survey question that asked patients to rate commuting difficulty 
based on amount of physical difficulty getting to and from work, 
problem with time, and problem with costs associated with com-
muting (Table 4) (21– 23). The authors reported a mean rating set 
to different scales, separated based on whether the RA patient 
was work disabled or not. In Table 4, we determined the over-
all mean rating of commuting difficulty for both work- disabled and 
employed RA patients. For example, Allaire et al reported 231 
work- disabled RA patients with a mean commuting difficulty rat-
ing of 4.8, and 722 employed RA patients with a mean commut-
ing difficulty of 3.7 (22). This combines into a mean of 4.0 across 
all 953 RA patients on a scale of 0– 10, adjusted to 4.5 on a scale 
of 1– 10.

RA and other driving- related issues. Two eligible stud-
ies had unique outcomes that could not be included in the above 
categories but were still important to note (24,30). Orriols et al 
reported that, of the 121 RA patients involved in MVCs in France 
between the years 2005– 2008, a total of 58 were responsible for 
the MVC, while 63 were not (24). Jones et al showed from an 
independent driving assessment in New Zealand that 7 of 37 RA 
patients were evaluated to have unsatisfactory driving ability with-
out assistance (30).

DISCUSSION

This is the first systematic review addressing how RA may 
impact driving ability and driving- related safety. We found a prev-
alence of self- reported difficulty driving, inability to drive, and use 
of driving adaptations in the context of RA. Yet, driving is rarely 
assessed during routine clinical evaluations (33). Reports on 
whether RA is associated with an increase in MVCs have been 
conflicting and do not adequately account for confounding fac-
tors, suggesting that this important question warrants further 
investigation.

This review presents studies published from 1976 to 2015, 
during which RA management has vastly improved. At the begin-
ning of this period, RA disease progression leading to significant 
disability was deemed inevitable, and medications were primarily 

used for symptom control but were poorly tolerated (34). Then, 
with FDA approval of methotrexate in 1988, combination ther-
apies in the 1990s, the advent of biologics in the early 2000s, 
and a shift toward earlier and aggressive treat- to- target, mean RA 
activity and severity in patients have improved dramatically (34). 
Outcomes became not only about increased life expectancy but 
also geared toward improving the performance of activities of daily 
living (34). These major advancements likely contributed to the 
data provided over such a broad range in time.

Automobile safety features have also advanced over this time 
period, with the implementation of crash testing in 1979, the rapid 
rise of electronic systems in cars in the 1990s, and advancements 
in automated technologies in the 2000s (35). The improvements to 
both RA management and automobile safety features may play a 
role in affecting driving- related outcomes, although our data have 
been limited to confirm any trends in MVCs and driving ability. 
There were multiple driving adaptations listed in these studies that 
helped with performing basic vehicular tasks, such as gripping the 
steering wheel, turning the key, pushing on the breaks, rolling the 
windows down, and obtaining ideal seating positions. However, 
it is important to note that the actual modifications were differ-
ent in each study. Indeed, the most common adaptations noted 
by Cranney et al, such as automatic windows, power adjustable 
seats, and padded steering wheels, are now standard for most 
vehicles (9). Improved safety features relevant to RA patients are 
anticipated to be available in the future, along with the ease of 
obtaining personal drivers/transportation and telehealth options 
supported by technology.

There are limitations to this review. First, as RA can vary in 
severity or joints affected and change over time, it is challenging 
to capture this variability in each study. Many studies abstracted 
in this review did not attempt to determine the specific causes of 
individual difficulties reported with driving, although Cranney et al 
reported that the most common causes of driving difficulty were 
foot pain, neck pain, or back pain (9). Furthermore, as most of 
the selected studies were cross- sectional by design, the extracted 
data represent outcomes at only brief snapshots during their 
chronic disease experience, thereby limiting causal inferences 
that could be made. We were also restricted to the limitations 
of the methodology in all other studies. For example, one case– 
control study by Koepsell et al presented the risk of MVCs among 
RA patients in the form of an odds ratio (29), so the frequency of 
MVCs among RA patients had to be calculated based on deter-
mining the number of RA patients who had the MVCs and the 
number of RA patients who did not. Another limitation is that the 
selected manuscripts presented data from only countries in North 
America, Europe, and Australasia. There could be cultural and 
regulatory differences in driving practices among these regions 
and other locations beyond the scope of this review. Differences in 
driving- related culture throughout the world, particularly in driving 
aggressiveness, roadway violations (e.g., speeding), and gender 
roles, can affect the likelihood of MVCs (36– 38). The need to drive 
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to certain locations, such as a physician’s clinic, is also an impor-
tant consideration that can affect the way RA patients report driv-
ing difficulties. In regions where access to public transportation or 
driving assistance are not sufficient, driving restrictions placed on 
the patient may have a greater impact on quality of life and care.

This review addresses the latest views on any relationship 
between RA and driving ability, but we recognize that it is 1 
of many chronic conditions that may affect driving. In a recent 
cross- sectional study in the US in which 2,990 participants age 
≥65 years received questions about their reduction in driving over 
the past 12 months, the highest proportion of patients with mus-
culoskeletal conditions (4.2% of these patients) had a decrease 
in driving compared to other systemic illness categories (33). 
Within the musculoskeletal category, the most common condi-
tions that reduced driving were joint pain or joint swelling, knee or 
hip replacements, hip or forearm fractures, osteoporosis, and RA 
(33). Another study noted that neck pain limited driving ability in 
patients with ankylosing spondylitis (39). Some studies within this 
review also addressed driving ability with other chronic conditions. 
Ewert et al highlighted that >30% of patients with osteoporosis 
or stroke had self- reported driving problems (18). Jones et al had 
5 of 23 osteoarthritis patients and 3 of 16 low back pain patients 
fail their driving test as well (30). The common theme seemed to 
be that musculoskeletal pain, fatigue, and limited mobility are key 
traits that limit driving ability, and that uncontrolled disease with 
greater amounts of pain, fatigue, and other symptoms may lead 
to an increased risk of MVCs.

Guidelines by the American Medical Association and the 
National Highway Traffic Safety Administration state that the phy-
sician should look for any warning signs of factors that can affect 
driving, such as medical conditions or medications that affect driv-
ing (40). That way, the physician can properly evaluate risk of driv-
ing by assessing visual, cognitive, or motor deficits and a potential 
referral for driving assessment (40). Currently, the only automobile- 
related questions asked in screening tools used to monitor and 
assess functional status of patients with RA have been limited to 
items such as “Are you able to get in and out of a car, bus, train, 
or airplane?” in the Multidimensional Health Assessment Ques-
tionnaire (MDHAQ), and “Are you able to open car doors?” in the 
HAQ/HAQ- II (41). Responses to these items are likely related to 
the independence of the patient but do not directly address the 
impact of RA on driving. Given the limited data provided on this 
topic, there may be an opportunity to consider adding driving- 
related questions to standard screening tools for RA. This ques-
tion may help stimulate discussion between the patient and the 
rheumatologist on the important topic of driving.

In conclusion, there is a scarcity of data that quantitatively 
relate RA to driving ability or related safety outcomes. Recogniz-
ing significant variability among individual reports, available data 
suggest that driving difficulties and the subsequent use of adap-
tations are prevalent in those with RA. Given the importance of 
automobile driving as an instrumental activity of daily living, further 

investigation of driving ability and potential driving modifications in 
the setting of RA are needed.
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Elevated Anti– Citrullinated Protein Antibodies Prior to 
Rheumatoid Arthritis Diagnosis and Risks for Chronic 
Obstructive Pulmonary Disease or Asthma
Alessandra Zaccardelli,1 Xinyi Liu,1 Julia A. Ford,2  Jing Cui,2 Bing Lu,2 Su H. Chu,2  Peter H. Schur,2 
Cameron B. Speyer,1 Karen H. Costenbader,2  William H. Robinson,3  Jeremy Sokolove,4 
Elizabeth W. Karlson,2 Carlos A. Camargo Jr,5 and Jeffrey A. Sparks2

Objective. To investigate elevation of anti– citrullinated protein antibodies (ACPAs) before diagnosis of rheumatoid 
arthritis (RA) and risks for chronic obstructive pulmonary disease (COPD) or asthma.

Methods. We performed a matched cohort study nested within the Nurses’ Health Studies among women who 
donated blood. Women with incident RA after blood draw (self- reported, then confirmed by medical records) were 
each matched to 3 controls by age, cohort, year, and menopausal factors. Pre- RA ACPA positivity was defined as 
>99th percentile of control distribution by a research assay or by cyclic citrullinated peptide in a subset. Incident 
COPD and asthma after index date (date of blood draw) were identified by questionnaires. Cox regression estimated 
hazard ratios (HRs) for incident COPD or asthma (in separate analyses) associated with pre- RA, pre- RA ACPA+, or 
pre- RA ACPA–  phenotypes each compared to their matched non- RA controls.

Results. We analyzed 283 women who were pre- RA and 842 controls; blood was donated a mean ± SD of 9.7 
± 5.8 years before RA diagnosis. Fifty- nine women (20.8%) were pre- RA ACPA+. There were 107 cases of incident 
COPD and 105 incident asthma cases during 21,489 person- years of follow- up. Pre- RA ACPA+ was associated with 
increased COPD risk (HR 3.04 [95% confidence interval (95% CI) 1.33– 7.00]) after adjusting for covariates including 
smoking pack- years. Pre- RA ACPA+ had an HR for asthma of 1.74 (multivariable 95% CI 0.72– 4.24), similar to the 
risk of asthma for pre- RA ACPA–  (HR 1.65 [95% CI 1.11– 2.46]).

Conclusion. Women with elevated ACPA before RA diagnosis had increased risk for developing COPD compared 
to controls. Women who later developed RA were more likely to develop asthma than controls, regardless of pre- RA 
ACPA status.

INTRODUCTION

Elevation of anti– citrullinated protein antibodies (ACPAs) 
is strongly associated with future risk of developing rheumatoid 
arthritis (RA) (1– 5). Smoking is a known RA risk factor, perhaps in 
part due to increasing pulmonary mucosal inflammation leading to 
ACPA production particularly for individuals with the HLA– DRB1 

shared epitope (2,6– 11). ACPA may originate at mucosal surfaces 
in the airways (12) and is central to RA pathogenesis. Inflammation, 
citrullination, ACPA formation, and autoimmunity leading to clinical 
RA may be important in the development of pulmonary abnormal-
ities (13). Therefore, individuals with ACPA elevation may be more 
likely to develop obstructive lung diseases, even prior to clinical 
RA onset. This association has not been previously investigated.
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Prior studies have demonstrated a relationship between RA 
and subsequent COPD risk (13– 25). Several case– control studies 
and retrospective cohorts were limited by the inability to investigate 
serologic status (18,22) or account for smoking (14– 17,21,24), a 
strong risk factor for both COPD and RA. Some studies found that 
this association is more pronounced in seropositive RA (13,25) 
and independent of smoking (13,18,22). Therefore, we investi-
gated whether ACPA elevation before clinical RA onset could lead 
to COPD, particularly immediately prior to clinical RA diagnosis.

Asthma may also have a bidirectional association with RA, as 
it may be both a risk factor for RA and more likely to occur among 
patients with RA. Prior studies have also investigated the associ-
ation between RA and asthma (13,16,17,21,26– 28), with some 
showing that RA increased asthma risk, but these studies lacked 
data on ACPA status (26– 28) or smoking (17,27). A previous 
study suggested that airways abnormalities are more common in 
patients with pre- RA seropositivity than controls, but the study 
was cross- sectional and did not investigate clinically diagnosed 
obstructive lung diseases (29).

Therefore, we investigated whether ACPA elevation in pre- RA 
banked blood was associated with subsequent risk for COPD or 
asthma. We measured ACPA in blood drawn prior to the date of 
RA diagnosis and performed a cohort study to identify incident 
COPD or asthma occurring after blood draw. We aimed to deter-
mine whether pre- RA ACPA elevation was associated with sub-
sequent risk of obstructive lung diseases. We hypothesized that 
elevated pre- RA ACPA would increase risks for COPD or asthma 
independent of smoking, particularly in the pre- RA period when 
lung inflammation may precede joint involvement.

MATERIALS AND METHODS

Study design and population. We conducted a matched 
cohort study nested within the Nurses’ Health Study (NHS) and 
NHSII, 2 large prospective cohorts of female registered nurses. 

The NHS is composed of 121,700 women age 30– 55 years at 
time of baseline in 1976. The NHSII enrolled 116,429 women age 
25– 42 years at enrollment in 1989. Data on lifestyle, diseases, 
family history, and medications were obtained on questionnaires 
every 2 years during follow- up. This study was approved by the 
Partners HealthCare Institutional Review Board.

For research purposes, NHS and NHSII participants were 
asked to donate blood samples, which were stored in aliquots at 
– 70°C. In the NHS, 27% of women donated blood between 1989 
and 1990; in the NHSII, 25% of women donated blood between 
1996 and 1999.

Identification of women with pre-RA. We previously 
reported details on the methods for RA identification (30). Women 
who self- reported RA were mailed a supplemental connec-
tive tissue disease screening questionnaire (31). For those who 
screened positive, medical records were obtained and reviewed 
independently by 2 rheumatologists. All met the 1987 American 
College of Rheumatology (ACR) or 2010 ACR/European League 
Against Rheumatism criteria for RA (32,33). Date of clinical RA 
diagnosis, as well as laboratory testing results for cyclic citrulli-
nated peptide (CCP) or rheumatoid factor (RF) around the time 
of diagnosis, were obtained from medical records. Some women 
with incident RA were missing CCP status because this was 
not measured in routine clinical care prior to the early 2000s.

For this analysis, we analyzed women who donated blood 
and were subsequently diagnosed with RA. We required at least 
3 months between blood donation and the date of initial RA symp-
toms to ensure that all assays were performed on blood obtained 
before clinical RA onset.

Matched controls and measurement of ACPA. For 
each woman with RA, we chose 3 controls who had never 
reported RA or other connective tissue diseases and who had 
donated blood. We matched each woman with incident RA to 
controls by age at blood draw (within 1 year), cohort, time of day 
of blood collection, fasting status, menopausal status, and post-
menopausal hormone use. We used 2 separate laboratory assays 
to test for ACPA: a research multiplex assay, and a commercial 
CCP assay.

Research multiplex ACPA assay. The research ACPA test 
was performed at Stanford University using a bead- based multi-
plex assay (5,34– 36). Synovium- specific citrullinated and noncit-
rullinated protein antigens were conjugated to spectrally distinct 
beads using the Bio- Plex multiplex assay platform (Bio- Rad Lab-
oratories) and were analyzed using the Luminex 200 (Luminex). 
Each plate used established samples with no, low, medium, or 
high reactivity as internal controls.

Plasma from each subject was added to the bead mix, and 
the reactivity was measured in raw fluorescent intensity units. For 
these analyses, we only considered antibodies against citrulli-
nated proteins that passed quality control. There were 3 separate 

SIGNIFICANCE & INNOVATIONS
• We tested blood for anti– citrullinated protein anti-

bodies (ACPAs) in 283 women a mean of 9.7 years 
prior to rheumatoid arthritis (RA) diagnosis and 842 
matched controls to investigate whether pre- RA 
ACPA positivity was associated with risk for incident 
chronic obstructive pulmonary disease (COPD) or 
asthma.

• We found that pre- RA ACPA positivity was associ-
ated with 3- fold increased risk of incident COPD, 
independent of smoking and other confounders.

• We found that women with incident RA onset were 
more likely to develop asthma than matched con-
trols, regardless of pre- RA ACPA status.

• Our findings suggest that individuals who are ACPA+ 
should be monitored for COPD in addition to RA.
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batches sent for testing. All batches tested for citrullinated anti-
bodies against epitopes on the following proteins: apolipopro-
tein A, apolipoprotein E, biglycan, clusterin, enolase, fibrinogen, 
fibronectin, filaggrin, histone 2A, histone 2B, and vimentin. There 
were multiple epitopes targeted for apolipoprotein E, clusterin, 
fibrinogen, histone 2A, histone 2B, and vimentin. The composi-
tion of each batch of the research ACPA assay varied slightly; a 
small number of citrullinated antigens were added to the assay, 
while a small number of others were no longer tested. The assay 
also included a research test for CCP. We were underpowered to 
perform statistical analyses based on ACPA specifically targeting 
particular proteins because there were relatively few women who 
were pre- RA with ACPA elevation for any given protein.

Since these research assays did not have a clinical cut point 
for ACPA positivity, we determined this using the distribution 
among non- RA controls. Elevated ACPA was defined as >99th 
percentile of the control distribution for each ACPA epitope, sepa-
rately for each NHS cohort (to account for possible differences by 
age or storage), and separately in each batch. We defined ACPA 
positivity on the research assay as ≥2 ACPAs targeting different 
proteins (or 1 ACPA targeting a specific protein and research CCP 
positivity). The research ACPA assay was performed on a total of 
n = 1,125 participants.

Commercial CCP assay. Stored plasma was tested for CCP 
autoantibodies using the second- generation Diastat enzyme- 
linked immunosorbent assay (Axis- Shield Diagnostics Limited). 
Analysis was performed at the Clinical Immunology Laboratory 
at Brigham and Women’s Hospital. At the time, the manufacturer 
suggested a threshold of >5 units/ml as a positive test (37). The 
commercial CCP assay was performed on a total of n = 447 
participants. Of 166 women who were pre- RA, 40 (24.0%) were 

positive by CCP. Only 1 of 281 matched controls (0.4%) had 
CCP >5 units/ml.

For those who had both research and commercial ACPA 
assays performed, we defined elevation in ACPA as positivity on 
either the research assay or positive on the CCP assay. Among 
the 167 women who were pre- RA who had both the research 
ACPA and commercial CCP assays performed, the kappa statis-
tic was 0.82, with overall concordance of 93%, indicating good 
agreement (see contingency table in Supplementary Table 1, 
available on the Arthritis Care & Research website at http://onlin e 
libr ary.wiley.com/doi/10.1002/acr.24140/ abstract).

Exposure variables: RA by pre- RA ACPA status 
 versus matched controls. We hypothesized that women 
with ACPA elevation in blood that was banked prior to RA onset 
were more likely to develop obstructive lung diseases. Therefore, 
the primary exposure was pre- RA ACPA+ versus their matched 
controls. The baseline for the cohort analysis was the date of blood 
draw (see Figure 1 for study design). Controls were matched for 
time from blood draw to index date, so the pre- RA period was 
identical for women who developed RA and their matched con-
trols in these analyses. We also investigated all subjects with RA 
versus their matched controls, as well as pre- RA APCA–  subjects 
versus their matched controls.

Outcome variables: incident COPD or asthma after 
blood draw date. All participants were asked whether they 
had ever been diagnosed with asthma by a physician, starting on 
the 1988 questionnaire in the NHS and the 1991 questionnaire 
in the NHSII. Similarly, physician- diagnosed chronic bronchitis/ 
emphysema was asked on questionnaires starting in 1988 in the 

Figure 1. Study design for matched cohort study nested in the Nurses’ Health Studies performed among women who donated blood for 
research purposes, investigating pre– rheumatoid arthritis (RA) anti– citrullinated protein antibody (ACPA) status and risks for incident chronic 
obstructive pulmonary disease (COPD) or asthma. F/u = follow- up; REF = reference group; * = each woman with RA was matched to 3 
controls by age, time from blood draw to index date, cohort, calendar year, fasting status/time of day at blood draw, menopausal status, and 
postmenopausal hormone use.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
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NHS and 1999 in the NHSII. Previous validation studies found that 
self- report of asthma and COPD by registered nurses had high 
validity compared to the gold standards determined by medical 
record review (38,39).

Covariates. We considered potential confounders that 
were previously shown to be related to RA or asthma/COPD risk 
(40– 42). Time- varying covariates were assessed using biennial 
questionnaires. Age and race (dichotomized as White/nonwhite) 
were self- reported. Smoking pack- years were calculated using 
self- report of duration and number of cigarette packs smoked to 
obtain a continuous value. We also categorized smoking as never, 
>0 to 10, >10 to 20, or >20 pack- years. As an assessment for 
passive smoking, women reported whether either of their parents 
smoked at home during their childhood, and whether they ever 
lived with a smoker for >1 year. Continuous body mass index 
(BMI) was calculated using self- reported height and weight. As 
a proxy for socioeconomic status, we used area- level median 
household income at zip code level and categorized in quartiles.

Statistical analysis. We reported descriptive statistics 
for women with RA based on presence or absence of elevated 
ACPA as well as their matched controls. We tested for differences 
between women who were pre- RA and their matched controls 
using Wilcoxon’s rank sum tests for continuous variables and 
chi- square tests for categorical variables. Among those who 
 developed RA, we also reported the proportion that was CCP+ or 
RF+ at diagnosis from clinical testing.

We performed 3 sets of analyses for each outcome (COPD 
or asthma), comparing all pre- RA, pre- RA ACPA+, and pre- RA 
ACPA–  to their respective matched controls. The baseline for 
all analyses was the date of blood collection. In each analysis, 
women with prevalent COPD or asthma at time of blood dona-
tion were excluded. Censoring variables were as follows: outcome 
(COPD or asthma), loss to follow- up, death, or end of study (June 
1, 2014 for the NHS, or June 1, 2015 for the NHSII), whichever 
date was first. Hazard ratios (HRs) and 95% confidence intervals 
(95% CIs) for COPD or asthma were estimated using Cox regres-
sion. We initially performed unadjusted analyses that were condi-
tioned on age at blood draw, time from blood draw to index date, 
cohort, fasting status, menopausal status, and postmenopausal 
hormone use. The unadjusted analyses effectively controlled for 
these variables because the proportions of categorical variables 
were identical between pre- RA and controls, and continuous var-
iables were nearly identical on inspection using descriptive statis-
tics. We then performed multivariable analyses by adjusting for 
time- varying continuous smoking pack- years, continuous BMI, 
and median household income. We also adjusted for presence or 
absence of asthma at blood donation date in the COPD analysis. 
While our primary hypothesis was related to only the group with 
pre- RA ACPA+ and risk for obstructive lung diseases, we also 
tested for differences between pre- RA/control status and ACPA 

status and risk for each obstructive lung disease by including an 
interaction term and reporting the P values.

To investigate whether the pre- RA period imparted higher 
risks for COPD or asthma before RA onset, we performed second-
ary analyses where the follow- up time was restricted to the pre- RA 
period. For this analysis, the date of RA diagnosis (or matched 
date for controls) was also included as a censoring variable. We 
used the same modeling strategy as the primary analyses.

We performed several sensitivity analyses to evaluate the 
classification of pre- RA ACPA status, using alternative exposure 
groups, and evaluating for possible effect modification by smok-
ing. First, we examined the pre- RA ACPA status and status of CCP 
and RF using the results obtained from medical record review at 
the time of RA diagnosis. Second, since ACPA+ may first develop 
within 5 years of clinical diagnosis, it is possible that some women 
we classified as pre- RA ACPA–  in blood tested many years prior 
to RA diagnosis may have later seroconverted. Therefore, we ana-
lyzed ACPA–  RA within 5 years of clinical diagnosis as an alter-
native to the primary analyses. Due to limited sample size in that 
group, we could only analyze this group for risk of incident COPD 
and incident asthma during the entire follow- up. Third, our primary 
analyses compared pre- RA ACPA+ or pre- RA ACPA–  to controls 
because RA arises from the general population. However, we per-
formed sensitivity analyses directly comparing women who were 
pre- RA ACPA+ to those who were pre- RA ACPA– . Fourth, we 
performed multivariable analyses additionally adjusting for smok-
ing status, and adding a quadratic term for continuous smoking 
pack- years, in case there may have been residual confounding 
from smoking. Fifth, we performed an analysis among those with-
out either COPD or asthma at baseline and evaluated for incident 
COPD or asthma as a composite outcome in a single analysis. 
Sixth, we examined for effect modification by smoking by per-
forming stratified analyses by ever and never smoking for asthma. 
Since there were too few nonsmokers who developed COPD, we 
only performed a subgroup analysis among ever smokers for that 
outcome.

We defined 2- sided P values less than 0.05 as statistically 
significant. We tested the proportional hazards assumption by 
including an interaction term between time after baseline and the 
outcomes of COPD or asthma and verifying no statistical interac-
tion for all analyses (P > 0.05). All analyses were performed using 
SAS, version 9.4.

RESULTS

Characteristics of study sample. Table 1 shows the 
characteristics of the study samples for the COPD analysis 
(n = 1,125) and the asthma analysis (n = 951) at time of blood 
draw based on ACPA presence or absence before RA diagnosis 
and each of their matched controls. Among women who were 
pre- RA ACPA+ and their matched controls, the mean age was 
51 years, and there was a mean of 6.4 years (median 4.8 years) 
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between blood draw and diagnosis/matched date. For women 
who were pre- RA ACPA–  and controls, the mean age was 52 
years, and the mean time from blood draw to index date was 10.6 
years (median 10.6 years). Pre- RA ACPA+ subjects had numer-
ically higher smoking pack- years than matched controls (mean 
21.5 versus 19.3), but this did not reach statistical significance, 
likely due to limited sample size.

Since women who had a lengthy time between blood dona-
tion and clinical diagnosis may have later seroconverted, we also 
showed the subgroups of women who had blood drawn within 

5 years of clinical diagnosis. Of 59 pre- RA ACPA subjects, 48 
were CCP+ (81.4%), 1 was CCP–  (1.7%), and 10 were miss-
ing CCP status at diagnosis. Of 224 pre- RA ACPA–  subjects, 
131 (58.5%) remained CCP– , 19 (8.5%) became CCP+, and 
74 (33%) were missing CCP status at diagnosis. Limiting to <5 
years to diagnosis, of 40 pre- RA ACPA–  subjects, 36 remained 
CCP–  (90%), and 4 became CCP+ (10%). Therefore, relatively 
few women seroreverted or seroconverted, considering CCP 
status at clinical presentation. For pre- RA ACPA+ subjects, only 
1.7– 3.3% were CCP–  at clinical diagnosis (seroreverters). For 

Table 1. Characteristics at time of blood draw according to pre– rheumatoid arthritis (RA) anti– citrullinated protein antibodies (ACPAs; research 
tested) results for women who developed RA and their matched controls in the Nurses’ Health Studies*

Pre- RA
ACPA+
(n = 59)

Matched
controls
(n = 176) P

Pre- RA
ACPA– 

(n = 224)

Matched
controls
(n = 666) P

COPD analysis (n = 1,125)
Age, mean ± SD years 51.5 ± 7.6 51.2 ± 7.8 0.93 51.5 ± 8.0 51.5 ± 7.9 0.87
Time to RA diagnosis or matched index date for 

controls, mean ± SD years
6.4 ± 5.3 6.4 ± 5.3 0.92 10.6 ± 5.6 10.6 ± 5.6 0.96

Median time to RA diagnosis of matched index date 
for controls, years (IQR)

4.8 (2.2– 9.6) 4.8 (2.2– 9.6) 0.92 10.5 (6.1– 13.9) 10.6 (6.1– 13.9) 0.96

CCP+ at diagnosis by medical record review 81.6 NA NA 8.7 NA NA
RF+ at diagnosis by medical record review 76.3 NA NA 54.0 NA NA
CCP+ or RF+ by medical record review at diagnosis 88.1 NA NA 55.4 NA NA
White race 98.3 97.2 1.00 92.9 96.6 0.02
Household income, mean ± SD USD 59,775 ± 20,555 62,154 ± 22,195 0.58 63,778 ± 25,889 63,886 ± 23,575 0.51
Body mass index, mean ± SD kg/m2 26.8 ± 5.9 24.8 ± 4.3 0.02 25.5 ± 4.5 25.1 ± 4.6 0.10
Pack- years, mean ± SD 12.7 ± 16.1 11.2 ± 16.5 0.49 11.5 ± 15.5 8.9 ± 15.2 0.01
Pack- years among smokers, mean ± SD 21.5 ± 15.8 19.3 ± 17.7 0.26 21.6 ± 15.4 19.6 ± 17.4 0.06
Smoking pack- year category 0.43 0.01

Never 40.7 42.1 46.9 54.8
>0 to 10 17.0 25.6 14.7 18.3
>10 to 20 15.3 10.8 14.3 9.3
>20 27.1 21.6 24.1 17.6

Parent(s) smoked at home during childhood 74.6 68.8 0.40 62.1 63.1 0.79
Ever lived with a smoker 67.8 55.1 0.09 58.0 56.8 0.74

Asthma analysis (n = 951)†
Age, mean ± SD years 52.6 ± 7.7 52.5 ± 8.0 0.89 51.9 ± 8.0 52.1 ± 7.9 0.75
Time to RA diagnosis or matched index date for 

controls, mean ± SD years
6.3 ± 5.3 6.3 ± 5.3 0.96 10.8 ± 5.6 10.8 ± 5.7 0.98

Median time to RA diagnosis of matched index date 
for controls, years (IQR)

4.4 (1.6– 9.6) 4.4 (1.9– 9.6) 0.96 11.1 (6.1– 14.2) 11.0 (6.0– 14.4) 0.98

CCP+ at diagnosis by medical record review 81.0 NA NA 9.4 NA NA
RF+ at diagnosis by medical record review 75.5 NA NA 53.2 NA NA
CCP+ or RF+ by medical record review at diagnosis 87.8 NA NA 54.7 NA NA
White race 98.0 96.3 1.00 93.6 97.7 0.01
Household income, mean ± SD USD 61,867 ± 20,872 63,101 ± 23,406 0.93 64,446 ± 26,508 63,377 ± 23,079 0.90
Body mass index, mean ± SD kg/m2 25.4 ± 4.2 25.0 ± 4.3 0.31 25.3 ± 4.4 25.0 ± 4.4 0.32
Pack- years, mean ± SD 13.5 ± 17.0 12.9 ± 18.6 0.61 11.4 ± 15.8 8.9 ± 15.4 0.02
Pack- years among smokers, mean ± SD 22.1 ± 16.8 21.9 ± 19.8 0.61 21.8 ± 15.8 19.8 ± 17.7 0.09
Smoking pack- year category 0.29 0.05

Never 38.8 41.2 47.8 55.2
>0 to 10 16.3 25.0 14.8 17.8
>10 to 20 16.3 8.1 13.3 9.2
>20 28.6 25.7 24.1 17.8

Parent(s) smoked at home during childhood 71.4 67.7 0.62 61.6 63.6 0.61
Ever lived with a smoker 67.4 58.8 0.29 56.2 57.4 0.76

* Values are the % unless indicated otherwise. CCP = cyclic citrullinated peptide (clinically tested); COPD = chronic obstructive pulmonary disease; 
IQR = interquartile range; NA = not applicable; RF = rheumatoid factor; USD = US dollars. 
† For asthma analysis, sample sizes were as follows: n = 49 for pre- RA ACPA+ and n = 136 for matched controls, and n = 203 for pre- RA ACPA–  and 
n = 563 for matched controls. 
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pre- RA ACPA–  subjects, 8.5– 10.0% were CCP+ at clinical diag-
nosis (seroconverters), with a similar proportion in the subgroup 
restricted to blood donation within 5 years of clinical diagnosis.

Description of incident COPD and asthma cases. 
There were 107 cases of incident COPD during 21,489 person- 
years of follow- up. Age at COPD diagnosis was mean ± SD 
64.5 ± 11.4 years, and 74.8% were smokers. Among women with 
pre- RA ACPA+, 13 of 59 (22.0%) developed COPD, and 46.2% 
of these COPD cases occurred prior to RA diagnosis. There were 
105 cases of incident asthma during 18,365 person- years. Age at 
asthma diagnosis was mean ± SD 59.4 ± 9.5 years. There were 
34 who reported both COPD and asthma, 73 who reported only 
COPD, 71 who reported only asthma, and 153 who developed 
either COPD or asthma (or both).

Incident COPD at any time after blood draw. Table 2 
shows the results of the primary analysis for incident COPD for 
pre- RA ACPA+ and pre- RA ACPA–  analyses. Pre- RA ACPA+ was 
significantly associated with incident COPD compared to matched 
controls in the model adjusting only for matching factors (HR 3.02 
[95% CI 1.42– 6.43]), as well as in the multivariable model (HR 
3.04 [95% CI 1.33– 7.00]) additionally adjusting for smoking pack- 
years, BMI, income, and asthma. Results were similar when addi-
tionally adjusting for smoking status and also including a quadratic 
term for continuous smoking pack- years (HR 2.91 [95% CI 1.28– 
6.64]). Pre- RA ACPA–  RA was not associated with COPD (HR 
1.07 [95% CI 0.65– 1.75]). When restricted to pre- RA ACPA–  RA 
within 5 years of blood draw, there was also no association with 
COPD (HR 0.49 [95% CI 0.10– 2.39]). There was also no associa-
tion of all women who were pre- RA with COPD (HR 1.39 [95% CI 
0.92– 2.09]). There was no statistical interaction between pre- RA/
control status and ACPA status for COPD risk. In the pre-RA-only 

analysis, we also found that pre- RA ACPA+ was significantly 
associated with increased risk for incident COPD compared to 
pre- RA ACPA–  (HR 2.22 [95% CI 1.12– 4.41]) (see Supplemen-
tary Table 2, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24140/ abstract).

Incident COPD only in the pre- RA period. Table 3 
shows the results of the secondary analysis for incident COPD 
restricting to time before clinical RA onset or matched date for 
controls. Pre- RA ACPA+ had a multivariable HR of 10.84 (95% CI 
1.13– 104.08) for incident COPD compared to controls, with only 
1 matched control developing COPD in this secondary analysis. 
Pre- RA ACPA–  also had increased risk for COPD (HR 1.94 [95% 
CI 1.06– 3.54]).

Incident asthma at any time after blood draw. 
The results of the primary analysis for asthma risk are shown in 
Table 4 based on pre- RA ACPA presence or absence. Compared 
to controls without RA, women who went on to develop RA had 
increased asthma risk (multivariable HR 1.65 [95% CI 1.11– 2.46]). 
Pre- RA ACPA–  also had increased risk for asthma (HR 1.62 
[95% CI 1.04– 2.55]) compared to controls. While pre- RA ACPA+ 
was not statistically associated with asthma, the effect size esti-
mate was similar (HR 1.74 [95% CI 0.72– 4.24]). However, when 
restricted to pre- RA ACPA–  RA within 5 years of blood draw, there 
was no association with asthma, but there were few outcomes in 
this period (HR 0.62 [95% CI 0.17– 2.31]). There was no statistical 
interaction between pre- RA/control status and ACPA status for 
asthma risk. In the pre- RA-only analysis, there was no difference 
between pre- RA ACPA+ and pre- RA ACPA–  for risk of incident 
asthma (see Supplementary Table 3, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24140/ abstract).

Table 2. Hazard ratios (HRs) for incident chronic obstructive pulmonary disease (COPD) 
after blood draw date, comparing women with rheumatoid arthritis (RA) to their matched 
controls in the Nurses’ Health Studies (n = 1,125)*

Incident 
COPD,

no. cases/
person- years

HR (95% CI), 
controlling

for matching 
factors†

Multivariable
HR (95% CI)‡

Pre- RA ACPA+ (n = 59) 13/1,030 3.02 (1.42– 6.43) 3.04 (1.33– 7.00)
Matched controls (n = 176) 14/3,375 1.00 (ref.) 1.00 (ref.)

Pre- RA ACPA–  (n = 224) 23/4,117 1.27 (0.78– 2.06) 1.07 (0.65– 1.75)
Matched controls (n = 666) 57/12,967 1.00 (ref.) 1.00 (ref.)

All pre- RA (n = 283) 36/5,147 1.61 (1.08– 2.40) 1.39 (0.92– 2.09)
Matched controls (n = 842) 71/16,342 1.00 (ref.) 1.00 (ref.)

* P = 0.71 for pre- RA/control status– ACPA status interaction in unadjusted analysis. P = 
0.27 for pre- RA/control status– ACPA status interaction in adjusted analysis. 95% CI = 95% 
confidence interval; ACPA = anti– citrullinated protein antibody; ref. = reference. 
† Each woman with RA was matched to 3 controls by age, time from blood draw to index 
date, cohort, calendar year, fasting status/time of day at blood draw, menopausal status, 
and postmenopausal hormone use. 
‡ Additionally adjusted for smoking (continuous pack- years), body mass index (continuous, 
kg/m2), median household income (quartile), and asthma (yes/no). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
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Incident asthma only in the pre- RA period. Table 5 shows 
the HRs for the secondary analysis of incident asthma restricted to 
the pre- RA period. Pre- RA ACPA+ and pre- RA ACPA–  had similar 
associations with asthma risk, and neither reached statistical signifi-
cance. However, all pre- RA had increased risk for asthma (HR 1.70 
[95% CI 1.01– 2.88]) compared to controls.

Incident COPD or asthma. Over the entire follow- up period, 
pre- RA ACPA+ (HR 2.28 [95% CI 1.08– 4.81]), pre- RA ACPA–  (HR 
1.58 [95% CI 1.08– 2.29]), and all pre- RA (HR 1.69 [95% CI 1.21– 
2.35]) were significantly associated with the composite of incident 
COPD or asthma. Each was compared to matched controls.

Analyses among never and ever smoker subgroups. 
Analyses stratified by smoking status were generally consis-
tent with the primary results. Among only ever smokers, pre- RA 
ACPA+ remained significantly associated with incident COPD 
compared to matched controls (HR 2.77 [95% CI 1.11– 6.95]) (see 
Supplementary Table 4, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24140/ 
abstract). Among never smokers, all pre- RA was associated with 
increased incident asthma risk (HR 1.97 [95% CI 1.08– 3.60]) (see 
Supplementary Table 5, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24140/ 
abstract). Results for asthma risk were similar when restricted 

Table 3. Hazard ratios (HRs) for incident chronic obstructive pulmonary disease (COPD) after 
blood draw date and before date of rheumatoid arthritis (RA) diagnosis (or matched date for 
matched controls), comparing women with RA to their matched controls in the Nurses’ Health 
Studies (n = 1,125)*

Incident 
COPD,

no. cases/
person- years

HR (95% CI), 
controlling

for matching 
factors†

Multivariable
HR (95% CI)‡

Pre- RA ACPA+ (n = 59) 6/357 18.49 (2.22– 153.71) 10.84 (1.13– 104.08)
Matched controls (n = 176) 1/1,115 1.00 (ref.) 1.00 (ref.)

Pre- RA ACPA–  (n = 224) 19/2,251 2.22 (1.23– 4.02) 1.94 (1.06– 3.54)
Matched controls (n = 666) 26/6,854 1.00 (ref.) 1.00 (ref.)

All pre- RA (n = 283) 25/2,608 2.82 (1.64– 4.87) 2.33 (1.34– 4.04)
Matched controls (n = 842) 27/7,969 1.00 (ref.) 1.00 (ref.)

* P = 0.54 for pre- RA/control status– ACPA status interaction in unadjusted analysis. P = 0.16 for pre- 
RA/control status– ACPA status interaction in adjusted analysis. 95% CI = 95% confidence interval; 
ACPA = anti– citrullinated protein antibody; ref. = reference. 
† Each woman with RA was matched to 3 controls by age, time from blood draw to index date, cohort, 
calendar year, fasting status/time of day at blood draw, menopausal status, and postmenopausal 
hormone use. 
‡ Additionally adjusted for smoking (continuous pack- years), body mass index (continuous, kg/m2), 
median household income (quartile), and asthma (yes/no). 

Table 4. Hazard ratios (HRs) for incident asthma after blood draw date, comparing 
women with rheumatoid arthritis (RA) to their matched controls in the Nurses’ Health 
Studies (n = 951)*

Incident 
asthma,

no. cases/
person- years

HR (95% CI), 
controlling

for matching 
factors†

Multivariable
HR (95% CI)‡

Pre- RA ACPA+ (n = 49) 8/890 1.71 (0.72– 4.07) 1.74 (0.72– 4.24)
Matched controls (n = 136) 14/2,660 1.00 (ref.) 1.00 (ref.)

Pre- RA ACPA–  (n = 203) 31/3,777 1.73 (1.11– 2.70) 1.62 (1.04– 2.55)
Matched controls (n = 563) 52/11,039 1.00 (ref.) 1.00 (ref.)

All pre- RA (n = 252) 39/4,667 1.72 (1.16– 2.56) 1.65 (1.11– 2.46)
Matched controls (n = 699) 66/13,698 1.00 (ref.) 1.00 (ref.)

* P = 0.20 for pre- RA/control status– ACPA status interaction in unadjusted analysis. P = 0.23 
for pre- RA/control status– ACPA status interaction in adjusted analysis. 95% CI = 95% 
confidence interval; ACPA = anti– citrullinated protein antibody; ref. = reference. 
† Each woman with RA was matched to 3 controls by age, time from blood draw to index 
date, cohort, calendar year, fasting status/time of day at blood draw, menopausal status, 
and postmenopausal hormone use. 
‡ Additionally adjusted for smoking (continuous pack- years), body mass index (continuous, 
kg/m2), and median household income (quartile). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
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to ever smokers (see Supplementary Table 6, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract).

DISCUSSION

We found a strong association between elevated ACPA in 
blood banked prior to RA onset and incident COPD, even after 
adjusting for smoking, and this was most pronounced in the 
period before RA diagnosis. These results suggest that biologic 
processes related to ACPA formation in airways could predispose 
patients to COPD development beyond the effect of smoking. We 
found that women who went on to develop RA also had increased 
asthma risk. However, there was no additional risk imparted by 
pre- RA ACPA positivity. These findings underscore that patients 
who go on to develop RA are more susceptible to respiratory mor-
bidities beyond the effect of smoking and that this risk may com-
mence even prior to the articular onset of RA.

Ours is the first to study elevation of ACPA in the pre- RA 
period and risk for chronic airways diseases, but prior studies 
have suggested that patients with RA have an increased risk of 
subsequent COPD development compared to non- RA controls 
(13– 25). A meta- analysis found that RA increased COPD risk with 
a relative risk of 1.99 (95% CI 1.61– 2.45) (20). Case– control stud-
ies found an association between RA and COPD (14,15,17) but 
did not investigate by ACPA status and did not adjust for smoking, 
a strong risk factor for both diseases as well as ACPA positivity 
(14,15,17). A population- based cohort study in British Columbia, 
as well as several retrospective cohorts, similarly found associa-
tions between RA and COPD but lacked data on serologic status 
(16,18,21,24). A retrospective cohort found a similar association 
after adjustment for ever versus never smoking; however, these 
results may have residual confounding from smoking, as they 
did not have data on smoking pack- years, which provide more 
detail on the duration and intensity of smoking (22). Furthermore, 

a phenome- wide association study found an association between 
seropositive RA and COPD in comparison to seronegative RA 
(25). A previous prospective study by our group using the NHS 
consisting of 843 women with incident RA and 8,399 matched 
comparators found that overall RA, seropositive RA (defined as 
either ACPA or RF positivity at clinical diagnosis), and seronega-
tive RA were associated with increased risk of COPD compared 
to controls after date of RA diagnosis or matched date for com-
parators (13). These findings were independent of time- updated 
covariates, including smoking.

The current study extends these findings by focusing on 
pre- RA ACPA status, including younger women in the NHSII 
and also analyzing the pre- RA period. We found even more 
pronounced associations of elevated pre- RA ACPA and COPD 
risk, particularly prior to clinical RA diagnosis. We found similar 
results of pre- RA ACPA+ increasing COPD risk when comparing 
to pre- RA ACPA–  instead of non- RA controls. Our study design 
allowed for analysis of the pre- RA period to understand the role of 
ACPA in development of COPD before and after clinical RA onset, 
thus providing insight into both pathogenesis and outcomes. 

Our results demonstrate that ACPA elevation prior to RA diag-
nosis may be related to COPD risk and suggest that the pre- RA 
period may be a crucial time for COPD development related to 
ACPA elevation. However, we also found that women with pre- RA 
ACPA–  had significantly increased risk for COPD in the second-
ary analysis restricted to the pre- RA/index period. This may be 
due to there being a much longer pre- RA period for women who 
tested as pre- RA ACPA– , providing more opportunity to accrue 
incident lung diseases. It is also possible that some women later 
seroconverted to ACPA+ after the blood donation but before RA 
onset. We found no incident COPD cases among the subgroup 
of pre- RA ACPA–  who donated within 5 years of clinical RA diag-
nosis. Therefore, we suspect that the lengthy duration prior to 
RA and some seroconversion may explain the increased risk for 

Table 5. Hazard ratios (HRs) for incident asthma after blood draw date and before date 
of rheumatoid arthritis (RA) diagnosis (or matched date for matched controls), comparing 
women with RA to their matched controls in the Nurses’ Health Studies (n = 951)*

Incident 
asthma,

no. cases/
person- years

HR (95% CI), 
controlling

for matching 
factors†

Multivariable
HR (95% CI)‡

Pre- RA ACPA+ (n = 49) 4/296 1.96 (0.55– 6.95) 1.31 (0.35– 4.86)
Matched controls (n = 136) 6/835 1.00 (ref.) 1.00 (ref.)

Pre- RA ACPA–  (n = 203) 19/2,025 1.76 (0.99– 3.12) 1.65 (0.93– 2.95)
Matched controls (n = 563) 31/5,836 1.00 (ref.) 1.00 (ref.)

All pre- RA (n = 252) 23/2,321 1.78 (1.06– 3.00) 1.70 (1.01– 2.88)
Matched controls (n = 699) 37/6,671 1.00 (ref.) 1.00 (ref.)

* P = 0.56 for pre- RA/control status– ACPA status interaction in unadjusted analysis. P = 0.62 
for pre- RA/control status– ACPA status interaction in adjusted analysis. 95% CI = 95% 
confidence interval; ACPA = anti– citrullinated protein antibody; ref. = reference. 
† Each woman with RA was matched to 3 controls by age, time from blood draw to index 
date, cohort, calendar year, fasting status/time of day at blood draw, menopausal status, 
and postmenopausal hormone use. 
‡ Additionally adjusted for smoking (continuous pack- years), body mass index (continuous, 
kg/m2), median household income (quartile), and asthma (yes/no). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24140/abstract
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incident COPD also observed in the pre- RA ACPA–  group, but this 
could also be explained by chance or health care utilization. While 
our primary hypothesis was related to only the pre- RA ACPA+ 
group and risk for obstructive lung disease, we found no statis-
tical interaction between pre- RA/control status and ACPA status 
for COPD, likely due to limited sample size and wide confidence 
intervals, despite statistical significance for incident COPD only in 
the pre- RA ACPA+ group. Therefore, larger studies are needed to 
confirm our findings in other populations.

Prior studies have also analyzed the association between 
RA and subsequent risk for asthma compared to controls with-
out RA (13,16,17,21,26– 28). A case– control study found that RA 
increased asthma risk but did not have data on serostatus (17,26). 
A retrospective cohort study found increased hospitalizations 
for asthma exacerbations among RA patients but also lacked 
serostatus (28). Three retrospective studies had similar findings 
and limitations (16,21,27). The previous prospective cohort study 
in the NHS by our group did not find an association of RA with 
asthma after adjustment for time- varying confounders including 
smoking, but it did not include younger women in the NHSII, 
unlike the current study (13). Since older onset asthma is uncom-
mon, this may explain the null findings for RA and asthma risk in 
that previous study. Alternatively, the differences may be related to 
residual unmeasured confounding or generalizability because the 
women who donated blood for this study were relatively health-
ier than the overall cohorts. In the current study, we found that 
women who went on to be diagnosed with RA were more likely 
to develop asthma regardless of pre- RA ACPA status, contrary to 
the hypothesis that pre- RA ACPA+ RA would have higher risk. It is 
possible that some who were pre- RA ACPA–  went on to develop 
ACPA after the blood draw, or that other factors such as RF may 
have been important for asthma risk among women with RA. 
Regardless of the biologic mechanism, our findings add to the 
growing literature suggesting a bidirectional link between asthma 
and RA, where each disease increases risk of the other. Future 
research is needed to better understand this relationship.

ACPA has been found in sputum of individuals who are at- risk 
for RA years prior to diagnosis and in lung biopsy tissue of newly 
diagnosed RA patients (43). In comparison to individuals who do 
not have RA, early RA patients prior to treatment are also signif-
icantly more likely to have elevated ACPA and other RA- related 
autoantibodies in the sputum and bronchoalveolar lavage (43– 45). 
Citrullinated proteins are formed in inflamed tissues in a process 
catalyzed by peptidylarginine deiminase (PAD) enzymes (46). 
ACPA is thought to form as an immune response to citrullinated 
proteins at inflamed surfaces (47), a hypothesis that is under-
scored by the composition of lungs in ACPA+ RA patients, which 
show elevated levels of citrullinated proteins, such as PAD2 and 
PAD4 (48). Biopsies from seropositive RA patients have shown 
enriched lymphoid aggregates that may lead to immune activation 
and lung changes (43). Seropositive individuals are more likely to 
progress to RA (49). A previous study of CCP- positive individuals 

presenting to a pulmonary specialty clinic also described a high 
proportion of patients with airways diseases, particularly COPD 
(50). Thus, ACPA may confer additional risk for developing respira-
tory diseases because it may be generated at mucosal surfaces in 
the airways and could create structural pulmonary abnormalities 
that clinically resemble obstructive lung disease.

Our study has several strengths. The NHS and NHSII consist 
of decades of prospective follow- up. The study sample is large, 
and there is high follow- up. ACPA was tested from banked blood 
collected before RA diagnosis, allowing for analysis restricted to 
the pre- RA period to determine the timing of ACPA elevation and 
development of obstructive lung diseases. Our study design is 
unique because we analyzed blood collected before RA diag-
nosis, allowing us to perform a matched cohort analysis nested 
within the larger study. All women with RA met research criteria, 
confirmed by medical record review, and there were many non- RA 
controls allowing for fine matching on important RA risk factors. 
Detailed data on adjustment variables including BMI, smoking 
pack- years, and passive smoking were collected at time of blood 
draw and prior to RA onset, minimizing potential for recall bias.

Our study also has potential limitations. We measured 
ACPA on blood samples using a composite of 2 different 
assays, which may have resulted in misclassification. However, 
the research ACPA and CCP- 2 assays were highly concordant 
in the subset that had both tested. Only 20.8% of women who 
went on to be diagnosed with RA were ACPA+, and approxi-
mately two- thirds of patients with RA are ACPA+. This difference 
is likely explained by the lengthy duration of time between when 
blood was donated and when RA was diagnosed. When we 
compared the research ACPA assay to a commercial CCP test, 
we found strong agreement. Those with pre- RA ACPA+ were 
nearly all CCP- positive according to results from routine clinical 
care. We did not test the blood for other RA biomarkers, such as 
RF, for research purposes, so it is unclear how other biomarkers 
would have affected results. 

Furthermore, we measured ACPA on a single blood test, so 
some pre- RA ACPA–  individuals may have later seroconverted in 
the years between blood donation and RA diagnosis. Those who 
tested pre- RA ACPA–  had longer time to RA diagnosis so may 
have subsequently seroconverted. Therefore, we also examined 
the group that was ACPA–  within 5 years of clinical diagnosis. 
We found these groups to have similar rates of seronegativity at 
clinical diagnosis. Our sensitivity analyses using this subgroup 
had overall similar results, so we find this possible misclassifica-
tion of pre- RA ACPA–  unlikely to explain our results. COPD and 
asthma were collected by self- report using biennial question-
naires rather than medical records or in- person assessments. 
However, the questionnaires were collected prospectively prior 
to RA onset and completed by nurses and had high validity, so 
we find this unlikely to explain the associations that we report 
(38). We were unable to phenotype COPD and asthma based 
on severity, subtype, and treatment. Since adult- onset asthma 
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is uncommon, it is possible that these women had an over-
lap with COPD. However, relatively few women reported both 
COPD and asthma, and the different results for each outcome 
suggest that the women were reporting different entities. When 
analyzing a composite outcome of COPD or asthma, we also 
found associations based on pre- RA ACPA status. Future stud-
ies are needed to understand how the disease course of COPD 
and asthma may contribute to RA- related autoantibody produc-
tion and articular RA onset and course.

While the NHS cohorts have a large sample size, there were 
limited numbers in this subset analysis of women who donated 
blood and had ACPA measured. In particular, some of the sec-
ondary analyses had few outcomes, resulting in wide confidence 
intervals. Further study is required to understand how RA confers 
risk on different phenotypes of lung diseases. The study sample 
was nurses who were mostly healthy, educated, and working at 
baseline, so the results may not be generalizable to other popula-
tions. Further, only ~25% of women in both cohorts donated blood 
and may have been healthier than those who did not, further limit-
ing generalizability. However, since RA arises from the healthy gen-
eral population, and we measured blood in the pre- RA period, our 
results still add to the literature related to understanding the time-
line of ACPA development, pulmonary inflammation, and articular 
RA onset. We performed a cohort analysis using data collected 
for a nested case– control study, so the results may not be rep-
resentative of the source study population. As in all observational 
studies, there is potential for unmeasured confounders explaining 
the results, but the associations we report were independent of 
important known confounders, including smoking pack- years.

In conclusion, ACPA positivity prior to RA onset was signif-
icantly associated with increased COPD risk, particularly in the 
pre- RA period. This may be due to loss of immune tolerance in the 
lungs from increased citrullination and ACPA production occur-
ring before RA onset that predisposes to chronic airways disease 
and may not be explained by smoking. Women who went on to 
develop RA were also more likely to develop asthma compared 
to matched controls; however, this risk was not related to pre- RA 
ACPA status. Overall, our results emphasize that clinicians should 
closely monitor seropositive patients for airways abnormalities, 
even prior to RA onset. Future work is needed to elucidate the 
bidirectional link between RA and chronic airways diseases.
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Acceptability and Content Validity of Patient- Reported 
Outcome Measures Considered From the Perspective of 
Patients With Rheumatoid Arthritis
Yomei Shaw,1  Chen Zhang,2 Matthew Bradley,2 Teresa A. Simon,3  Rebecca Schumacher,4 
David McDonald,2 and Kaleb Michaud5

Objective. To consider the acceptability and content validity of patient- reported outcome measures commonly 
used in rheumatoid arthritis by describing patients’ perceptions of patient- reported outcome measures and comparing 
patients’ responses on patient- reported outcome measures with their verbal accounts of disease impacts.

Methods. We used a sequential mixed methods approach, combining analysis of interviews and data from patient- 
reported outcome measures (from the Health Assessment Questionnaire, the Functional Assessment of Chronic 
Illness Therapy– Fatigue subscale, the EuroQol 5- domain instrument, the Short Form 36 health survey, and a visual 
analog scale [VAS] for pain, fatigue, sleep, and patient global assessment of disease activity). Qualitative analysis of 
patients’ perceptions of patient- reported outcome measures informed a subsequent comparison between data from 
patient- reported outcome measures and verbal accounts of pain, fatigue, sleep, and functional limitations to assess 
the effectiveness of patient- reported outcome measures in communicating disease impact.

Results. The study included 18 patients. Although a few patients offered positive comments about patient- 
reported outcome measures, most doubted that patient- reported outcome measures could accurately convey 
their experience of symptoms and functional limitations. Patients discussed the ease of responding to questions, 
capturing and conveying symptoms, and concerns about the underreporting of symptoms and interpretation of 
responses. Compared with verbal accounts, patient- reported outcome measures often did not convey the personal 
significance of limitations; however, patient- reported outcome measures captured limitations that patients omitted 
or described with insufficient detail during interviews. Although verbal accounts of pain could be categorized into 
3 levels of severity (pain without interference in activities, pain is not the worst ever experienced but interferes with 
activities, and pain is omnipresent), the pain VAS was more effective at conveying finer gradations in pain severity.

Conclusion. Although patients may feel that patient- reported outcome measures have certain shortcomings, 
patient- reported outcome measures also have advantages relative to verbal discussion for communicating symptoms 
and disease impact.

INTRODUCTION

Patient- reported outcome measures are survey instruments 
used to elicit self- reports of health, quality of life, symptoms, and 
functional status directly from patients without interpretation by a 
third person (1). Patient- reported outcome measures are increas-
ingly used to track the health status of patients with rheumatic 
diseases and evaluate the benefit of treatments in clinical trials 

and practice. Widely used patient- reported outcome measures 
in rheumatoid arthritis (RA) include rheumatology- specific meas-
ures such as the Health Assessment Questionnaire (HAQ) disa-
bility index and the Routine Assessment of Patient Index Data 3 
(RAPID3), as well as measures intended for use in the general 
population, such as the Short Form 36 (SF- 36) health survey and 
the EuroQol 5- domain instrument (EQ- 5D) (2– 11). The HAQ was 
developed in 1980 to measure functional status in RA but can 
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also be used for patients with other conditions. It assesses 20 
activities of daily living and the use of aids and devices (4). Shorter 
versions of the HAQ have been produced, such as a modified 
HAQ, multidimensional HAQ (MD- HAQ), and the HAQ- II (5,6,8). 
The RAPID3, developed in 1999, is an index that can be used 
to monitor disease activity in RA and other rheumatic diseases (8). 
The RAPID3 is calculated by summing 3 components of the MD- 
HAQ instrument: a pain visual analog scale (VAS), patient global 
assessment of disease activity (PtGA), and functional impairment 
in 10 activities.

In contrast, the generic patient- reported outcome measures 
assess a more comprehensive range of domains. For example, 
the SF- 36 health survey, developed in 1992, assesses physi-
cal functioning, role limitations due to physical problems, social 
functioning, bodily pain, mental health, role limitations due to 
emotional problems, vitality, and general health perceptions (10). 
While rheumatology- specific measures are useful for assessing 
the effects of treatment on disease outcomes, generic measures 
are useful for assessing disease burden in patients with chronic 
conditions. Additionally, composite measures of disease activity 
such as the Disease Activity Score in 28 joints and the Clinical Dis-
ease Activity Index include a patient- reported component (PtGA) 
(12). Adoption of patient- reported outcome measures promotes 
inclusion of patient perspectives into the care process and draws 
attention to outcomes as experienced by patients (2,12,13).

Although most of the widely used patient- reported outcome 
measures have been validated with RA patients, some were 
developed with little patient input (5,10,11,14,15). For exam-
ple, the HAQ questions were selected from previously existing 

instruments, not formulated based on patient experiences with 
disease impacts (4). As a result, these patient- reported out-
come measures may have issues with acceptability (ease with 
which patients can understand and answer questions) and con-
tent validity (comprehensive coverage of important aspects of 
the outcome to be measured) (13). A study of Swedish patients 
with RA found that participants were dissatisfied with the HAQ 
because it did not capture the limitations they experienced in 
everyday life, and it has items perceived as difficult to answer 
or irrelevant (16). Issues affecting how patients interpret and 
respond to patient- reported outcome measures potentially 
lead to misrepresentation of outcomes (16). Furthermore, exist-
ing patient- reported outcome measures may capture certain 
aspects of  disease outcomes but miss other aspects that are 
also important to patients. These issues may limit the quality and 
completeness of data collected by patient- reported outcome 
measures on disease impacts.

It is not well understood how patients with RA perceive and 
respond to questions in commonly used patient- reported out-
come measures, nor how well patient- reported outcome meas-
ures capture disease impacts of importance to patients. Exploring 
the perspective of patients with RA on patient- reported out-
come measures can yield insight into the strengths and limita-
tions of data from patient- reported outcome measures. This study 
aimed to consider the acceptability and content validity of patient- 
reported outcome measures commonly used in RA by examining 
patients’ perceptions of patient- reported outcome measures and 
by comparing responses on patient- reported outcome measures 
with patients’ verbal accounts of disease impacts.

PATIENTS AND METHODS

We employed a sequential mixed methods design (17), with 
qualitative analysis of patient perceptions of patient- reported 
outcome measures (based on interviews) informing subse-
quent analyses of participants’ quantitative and qualitative data. 
Mixed methods approaches are ideal for exploring complex phe-
nomena such as the impact of chronic disease on patients and 
for examining the strengths and weaknesses of patient- reported 
outcome measures in capturing disease burden in RA. We inter-
viewed patients with RA about their perspectives on patient- 
reported outcome measures and experiences with RA and also 
collected data from patient- reported outcome measures from 
them. We analyzed participants’ discussions of patient- reported 
outcome measures for themes regarding their perceptions 
of patient- reported outcome measures and compared their 
responses on patient- reported outcome measures with their ver-
bal descriptions of functional limitations and symptom severity. 
This allowed us to contextualize responses on patient- reported 
outcome measures using patients’ critiques of patient- reported 
outcome measures and patients’ narratives of RA disease 
impacts.

SIGNIFICANCE & INNOVATIONS
• Patients in the study were sometimes uncer-

tain about how to answer questions on patient- 
reported outcome measures, and some doubted 
that patient- reported outcome measures could 
communicate the impact of rheumatoid arthritis 
(RA).

• Compared to patient verbal accounts, patient- 
reported outcome measures were less effective 
for conveying the significance of specific RA effects 
in the context of patients’ lives but were more ef-
fective for conveying overall RA symptom severity/
impact and capturing the presence and extent of 
specific limitations.

• Informing patients about the principles behind the 
design of patient- reported outcome measures and 
offering guidance on providing responses may help 
patients have increased confidence and reduced 
frustration completing them.

• Patient input is crucial for evaluating and updating 
existing patient- reported outcome measures and 
developing new patient- reported outcome meas-
ures.



SHAW ET AL 512       |

Study population. Interviews were conducted with RA 
patients as part of the Adult RA Burden of Disease study, which 
aims to describe patients’ perspectives on the impact of RA 
(18). Participants were recruited from FORWARD, the National 
Databank for Rheumatic Diseases, a US- based registry (19). 
FORWARD enrollees complete questionnaires on their health 
status, well- being, medications, and health care utilization 
biannually. A patient’s responses can be shared with their phy-
sician if desired.

We recruited participants with a range of demographic char-
acteristics (age, sex, employment status, and geographic region) 
to capture diverse perspectives. Participants were recruited from 
2 US regions accessible to the interviewer (MB) (within 200 miles 
of Chattanooga, Tennessee and 50 miles of Philadelphia, Penn-
sylvania), including areas ranging from small towns to metropolitan 
centers. Patients were recruited by a mailed letter. Recruitment 
and interviewing proceeded in waves of 6 and continued until the 
interviewer determined that we had gathered a sufficient variety 
and depth of patient narratives discussing the impact of RA.

Data collection. The study was approved by the Institu-
tional Review Board of Via Christi Hospitals Wichita (Federalwide 
OHRP assurance number FWA00001005; DHHS registration 
identifier IRB00001674). Written informed consent was obtained 
before interviews were conducted.

Semistructured interviews were conducted by an ethnogra-
pher on the research team (MB) at participants’ homes. Partici-
pants’ families and caregivers were also invited to take part in the 
interviews. Participants were assured that their identities would 
remain anonymous in research publications resulting from the 
interviews. The interviews were audio recorded and transcribed 
verbatim (MB).

Each interview lasted ~3 hours. MB developed the interview 
guide with input from the coauthors, including one author who is 
an RA patient (KM) (for relevant questions from the interview guide, 
see Supplementary Appendix A, available on the Arthritis Care & 
Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24156/ abstract). Topics included the following: 1) ease and 
challenges of answering patient- reported outcome measures 
(patients’ responses on patient- reported outcome measures were 
not discussed; they were asked to reflect on their experiences 
completing patient- reported outcome measures); 2) appropriate-
ness of patient- reported outcome measures for capturing health 
status and disease impacts; 3) symptoms and functional limita-
tions resulting from RA; 4) other impacts of RA; and 5) ways of 
adapting to life with RA.

Data from patient- reported outcome measures came from 1)  
patients’ past responses to the biannual FORWARD registry 
questionnaire, which includes the HAQ, the SF- 36 health survey, 
the EQ- 5D, the health thermometer, and a VAS for pain, fatigue, 
sleep, and PtGA (presented as a 21- point Numerical Rating Scale 
[NRS]); and 2) a questionnaire completed within 1 month of the 

interview, which included a VAS for pain and fatigue (using a 21- 
point NRS), the HAQ, and the Functional Assessment of Chronic 
Illness Therapy– Fatigue subscale (FACIT- Fatigue) (20).

Analysis. Passages of the interview transcripts related 
to perceptions of patient- reported outcome measures and the 
impact of RA were identified from coding performed by YS and 
CZ for a larger study to describe the burden of disease in RA (see 
Shaw et al for a detailed description of the coding procedures 
[18]). A combination of inductive and deductive coding was used. 
Analyses included passages containing discussion of patient- 
reported outcome measures, pain, sleep, fatigue, limitations/
adaptations, work, family, and valued activities. Patients’ percep-
tions of patient- reported outcome measures were extracted from 
relevant passages of the transcripts and organized into themes by 
YS in an iterative process of reading, note- taking, and discussion 
with the research team (21).

Descriptive analyses were performed of patient character-
istics and responses on patient- reported outcome measures. 
The mean, range, and SD of values for patient- reported out-
come measures reported at the interview were plotted for individ-
ual patients. Individual trajectories of pain, fatigue, and sleep were 
plotted over time to examine the relative importance of symptoms 
over time.

Data from patient- reported outcome measures and patients’ 
verbal accounts of symptoms and functional limitations were 
compared in the following 2 analyses by YS, who discussed 
the findings in biweekly meetings with the research team. First, 
patients’ quotations about recent pain, fatigue, and sleep symp-
toms were entered into 3 matrices according to the patient’s pain/
fatigue/sleep VAS value from the time of the interview. Quotations 
corresponding to different scores were compared to examine how 
well verbal descriptions could convey symptom severity. Second, 
functional limitations were extracted from interview passages. 
Functional limitations ever reported in the HAQ, EQ- 5D, SF- 36, 
and FACIT- Fatigue were compared with those reported during 
interviews, and discrepancies in types of limitations reported or 
omitted and level of detail were identified.

RESULTS

Of 202 invited patients, 18 (13 women and 5 men) were 
interviewed. Table 1 shows participant characteristics and values 
for patient- reported outcome measures at the time of the inter-
views. The participants’ ages ranged from 27 to 80 years, and RA 
duration ranged from 4 to 40 years. Six participants reported hav-
ing had childcare responsibilities while diagnosed with RA. Four 
participants were currently employed, 8 were retired, and 4 had 
stopped working due to RA. In addition to completing patient- 
reported outcome measures for FORWARD, some interviewees 
also answered patient- reported outcome measures during visits 
to health care providers.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24156/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24156/abstract
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Patients’ perceptions of patient- reported out-
come measures. Although a few patients shared positive 
comments about patient- reported outcome measures, most 
comments were critical. Several patients doubted that patient- 
reported outcome measures adequately captured the severity 
of their symptoms. Patients’ comments on patient- reported out-
come measures were related to 4 themes: 1) comprehensibility and 
answerability of patient- reported outcome measures; 2) capacity 
of patient- reported outcome measures to capture and convey the 
patient’s experience of symptoms; 3) concerns about the under-
reporting of symptoms on patient- reported outcome measures; 
and 4) concerns about the interpretation of responses on patient- 
reported outcome measures (Table 2). Each theme is described 
below in more detail. Participants mostly discussed questions on 
patient- reported outcome measures utilizing numerical scales 
(such as the pain VAS), although they also discussed questions 
about physical functioning and health- related quality of life.

Comprehensibility and answerability of patient- 
reported outcome measures. Patients felt frustrated by 
questions that they found difficult to answer. Patients partici-
pated in FORWARD out of a desire to contribute to research, 
and they worried whether they were responding appropriately to 
questions: “I didn’t understand whether my answers were actu-
ally communicating what they wanted to learn.” Some patients 
felt confused about how to interpret the end points of numeri-
cal scale questions. Patients wanted concrete examples to be 
provided with scale anchors (particularly for the upper end of 
scales) to guide rating of their symptoms: “For fatigue, I guess 
I’d be like, well on the scale of you know jumping out of bed to 
willing yourself out of bed, or pushing snooze 5 times, where are 
you at?”

Patients also expressed uncertainty about question mean-
ing and intent. One patient skipped questions using “doctor 
terms” that she did not understand. Difficulty recalling past symp-
toms made certain questions challenging to answer. Questions 
inducing contemplation of negative experiences with RA could 
also be upsetting for patients to answer.

Capacity of patient- reported outcome measures to 
capture and convey the patient’s experience of symp-
toms. Question format and frequency of assessments affected 
patients’ satisfaction with patient- reported outcome measures 
with respect to accurate communication of their health status. 
One patient preferred close- ended questions to open- ended 
questions because it was challenging to convey symptoms ver-
bally. Other patients doubted that quantifying their symptoms and 
feelings in numerical scale questions could adequately commu-
nicate their experience of RA. One woman felt that it was more 
relevant to assess how effectively patients cope with symptoms 
rather than symptom severity: “Every time you go to the doctor, 
you have to fill it out…circle your pain level and you circle your 
fatigue level and then they put a number on it…It’s more like how 
am I living with my pain, not how is my pain but how am I living 
with it?”

The relatively long periods between assessments (6 months) 
and short time frame addressed by some questions (last 2 weeks) 
left patients feeling that much of their time was not taken into 
account by the questionnaire, potentially misrepresenting their 
symptoms.

Concerns about the underreporting of symptoms 
on patient- reported outcome measures. Patients were 
concerned about factors contributing to underreporting of their 
symptoms, such as having a high pain tolerance or forgetting past 
symptoms. Question wording could also affect their interpretation 
and responses to questions. For example, one patient explained 
his interpretation of the word ‘pain’: “Most of the time I call it [my 
bodily sensation] uncomfortable aching. I think that what I call pain 
is beyond maybe what some people might identify as pain. I’d 

Table 1. Patient characteristics and patient- reported outcome 
measures*

Characteristic Value
Age, years 63.6 (27.4– 80.3)
Female, % 72
Minority, no./total no. 2/18
No. of patients/state of residence 4/GA, 8/TN, 4/NJ, 1/NY, 1/PA
Annual household income, $ 97,353 (15,000– 150,000)
>16 years education, % 67
Duration of RA, years 21.1 (5.3– 41.0)
No. of patients/employment status 4/employed, 1/student, 1/

family caregiver, 8/retired, 
4/disabled

Stopped employment due to RA, % 28
Pain score (range 0– 10, none to 

worst)
2.00 (0– 8)

Fatigue score (range 0– 10, none to 
worst)

3.50 (0– 9)

Sleep score (0– 10, no problem to 
worst)

3.97 (0– 8.5)

HAQ score (0– 3, no disability to 
severe disability)

1.03 (0– 2.25)

SF- 36 PCS score (0– 100, worst 
physical functioning to best 
physical functioning)

42.6 (25.5– 56.7)

SF- 36 MCS score (0– 100, worst 
mental functioning to best 
mental functioning)

50.0 (27.8– 64.0)

FACIT- Fatigue score (0– 52, worst 
fatigue impact to no fatigue 
impact)

28.1 (17.3– 46)†

PtGA VAS (0– 10, very well to very 
poor)

3.08 (0– 7.5)

Health thermometer (0– 100, dead 
to perfect health)

75.06 (30– 95)

* Values are the mean (range) unless indicated otherwise. Character-
istics and patient- reported outcome measures were recorded at or 
near the time of the interview. FACIT- Fatigue = Functional Assessment 
of Chronic Illness Therapy– Fatigue; HAQ = Health Assessment 
Questionnaire; MCS = mental component summary; PCS = physical 
component summary; PtGA = patient global assessment of disease 
activity; RA = rheumatoid arthritis; SF- 36 = Short Form 36 (health 
survey); VAS = visual analog scale. 
† Only 10 patients were administered the FACIT- Fatigue subscale. 
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say ‘sore,’ I’m ‘sore.’ I don’t usually use the term pain. If I use the 
term pain. I’m really in pain…To say I’m in pain gives me pain in a 
way.” Because of his hesitance to label his symptoms as pain, he 
provided lower ratings on questions about pain severity.

Concerns about the interpretation of responses on 
patient- reported outcome measures. Patients pointed out 
issues complicating interpretation of their question responses. 
Patients’ expectations for their health may change over time, lead-
ing to shifts in the meaning of their responses: “As you get older, 
your view of yourself keeps changing…it’s guaranteed as I get older 

I’m not doing as well as I was before…I keep saying that I’m doing 
pretty well, but ‘pretty well’ keeps meaning a different thing.” Patients 
also thought that individual differences in symptom tolerance com-
promised the comparability of different patients’ responses.

Comparison of patient- reported outcome measures 
and patient verbal accounts of symptoms and limita-
tions. Review of data from participants’ patient- reported out-
come measures showed that experiences of symptoms differed 
greatly between patients and within individual patients over time. 
Figures 1 and 2 show box plots of pain VAS scores for individual 

Table 2. Patient perspectives on patient- reported outcome measures

Theme and subthemes Sample comments
Patient- reported outcome measure comprehensibility and 

answerability
Numerical measures are easy to comprehend “I think it’s a good way…it’s an understandable way to describe pain. You know if 

10 is the worst pain, like if you’re alive at 0 and you’re dead at 10, you know. 
It’s a simple way to describe it…And I’m usually able to kind of, you know give 
them an estimate.” (Patient G)

Anchors for scale end points are too vague “How do you equate numbers to pain? And they don’t give you any hints. It’s 
just a number…Burned their finger. Bee sting…Twisted ankle. I mean these are 
things that you can equate to what they felt like. You can’t with a number! And 
that’s why I find them [the questions] useless.” (Patient N)

Difficulty remembering severity of past symptoms “And [when I am answering the questionnaire,] I think, Holy cow I don’t 
remember how I was feeling back in December very well.” (Patient J)

Difficulty understanding questions “Well I notice sometimes they may use doctor terms which I might not 
understand. So if I don’t understand, then I don’t really fill it in.” (Patient M)

Questions could be emotionally disturbing “Some of the questions are a little bit triggering…Like if it’s asking the health 
related quality of life scale. It just makes you really upset to read through that. 
And I think too, being someone who does research in public health, like I 
know what the questions are asking and what they’re getting at, and it makes 
me just think about like is this [treatment] going to keep working…” (Patient I)

Capacity of patient- reported outcome measures to capture 
and convey the patient’s experience of symptoms

Numerical measures were preferred to open- ended survey 
questions because communicating symptoms in words 
can be difficult

“It’s better than trying to put it into words…I couldn’t give you a way [using 
words] to describe my pain. There’s not a word to describe it. It’s not like any 
pain I’ve ever had in my life. So I don’t have a word for it.” (Patient K)

Quantitative measures cannot capture the patient’s 
experience of symptoms and feelings

“I don’t think you can put a measuring stick on feeling.” (Patient C)

Infrequent assessments cause gaps in measurement “That’s one thing I don’t really get is that you take it [the questionnaire] every 6 
months, but a lot of the questions are about the last like 2 weeks or whatever. 
Like it. I feel like it kind of misses some of those months.” (Patient F)

Concerns about the underreporting of symptoms on 
patient- reported outcome measures

Question wording may contribute to underreporting of 
symptoms

“I don’t consider myself having pain in my hands right now. Even though they’re 
uncomfortable because they’re a little stiff. You don’t have a question are you 
stiff but not painful.” (Patient L)

Adaptation and high tolerance for symptoms may lead 
patients to underreport the severity of symptoms

“I’ve got to think about that [how I answer questions about pain impact] 
because I don’t want to give them wrong information and I don’t want to lie, 
but I don’t feel pain like normal people.” (Patient C)

Patients may underreport the severity of past symptoms 
not clearly remembered

“You don’t remember pain, if you did you’d never have another child.” (Patient G)

Concerns about the interpretation of responses on 
patient- reported outcome measures

Patient- reported outcome measures do not assess shifts 
in expectations for health that may affect the meaning 
of responses

“As you get older, your view of yourself keeps changing. And so I wondered 
sometimes whether the context in which you’re answering is changing, but 
there’s no way for the process to understand the context…They know I’m 
getting older, maybe they do understand the context, but if I keep saying you 
know that I think I’m doing pretty well when in fact it’s guaranteed as I get 
older I’m not doing as well as I was before.” (Patient E)

Responses from 1 patient at different times or from 
different patients may not be comparable

“My 5 is going to be someone’s 9 or 10.” (Patient F)
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patients during their follow- up in FORWARD and a plot of pain, 
fatigue, and sleep score trajectories over time for a single patient. 
Patient- reported outcome measure values varied between 
patients with respect to range and mean, suggesting that some 
patients were more heavily impacted by certain symptoms com-
pared to other patients. The relative burden of pain, fatigue, and 
sleep symptoms varied between patients and within patients 
across time.

While patient- reported outcome measures assessed the 
extent of functional limitations, they often did not capture the 
significance of limitations in the context of patients’ lives. Table 3 
presents discrepancies between functional limitations reported in 
patient- reported outcome measures (the HAQ, EQ- 5D, SF- 36, 
and FACIT- Fatigue) and patient verbal accounts. For example, 
patients reported that RA affected their recreational activities, 
fashion choices, and ability to care for family members, but 
patient- reported outcome measures did not explicitly address 
these areas of impact. Patient- reported outcome measures also 
did not capture impacts of RA on education and career plans. 
Certain limitations (such as ability to sleep, drive a car, and perform 
an activity without stopping to rest) and adaptive measures (such 
as modifications to improve the accessibility of an environment) 
were not addressed by the patient- reported outcome measures. 
However, verbal accounts also had shortcomings for communi-
cating physical functioning. Sometimes patients described limita-
tions without specifying a clear area of limitation or its frequency, 
severity, and impact on activities (e.g., “my whole body was stiff”). 
Some patients did not discuss limitations reported in the patient- 
reported outcome measures (patient comments from interviews 
suggest that this was possibly because they wanted to avoid 
drawing attention to their challenges).

Patients’ verbal accounts of pain, fatigue, and sleep symp-
toms often failed to convey the severity of symptoms with 
as much precision as their VAS scores. Table 4 shows quotations 
about pain grouped according to pain VAS scores. To describe 
pain severity, patients referred to their ability to tolerate or manage 
the pain and interference with activities. However, these commu-
nication approaches only provided enough information to allow 
separation of quotations into the following 3 groups: pain does not 
interfere with activities (pain VAS 0– 3); pain interferes with activities 
but is not the worst pain ever experienced (pain VAS 4– 7); and 
pain is everywhere, all the time (pain VAS 8– 10). Thus, despite 
patients’ doubts that pain symptoms could be conveyed ade-
quately by a numerical scale, the pain VAS appears to be more 
effective than a verbal account for communicating pain severity.

Pain without interference in activities (pain VAS 
0– 3). Even for patients reporting low levels of pain, pain was ever 
present but could be managed and ignored: “I know it’s [my pain 
is] not bad right now. But I’m not sure that I know what it’s like 
not to have any at all. If that makes sense. So I’ve got my normal. 
Which I say is no pain. But somebody else might say that it is 
[not negligible pain].” (Female, 56 years old, pain VAS 0) “There 
is manageable pain that you feel, but it doesn’t really affect you 
and you just push through it, and you feel it all day long but you 
just kind of can ignore it…I never have a day where I don’t feel 
pain somewhere. It’s just manageable pain.” (Female, 27 years 
old, pain VAS 3)

Pain is not the worst ever experienced but interferes 
with activities (pain VAS 4–7). For patients reporting mod-
erate levels of pain, they experienced periods of pain (usually in 
conjunction with flares) severe enough to interfere with regular 
activities, including sleep. “The pain is awful!…Oh God Almighty. 

Figure 1. Box plots of scores from the visual analog scale (VAS) 
for pain reported by interviewees. Above the box plot for each 
patient is the number of pain VAS observations. Box represents 
the interquartile range. Horizontal lines inside the box indicate the 
median. Vertical lines outside the box indicate the 95% CI for the 
median. ● = outlier; ⁕ = value from survey at the time of the interview; 
◊ = most recent nonmissing value.

Figure 2. Plot of fatigue (orange), pain (green), and sleep (blue) 
visual analog scale (VAS) scores across time for a single interviewee.
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Table 3. Discrepancies between functional limitations reported in verbal accounts and patient- reported outcome measures*

Sample quotations
Not reported by patient- reported 

outcome measures
The effect of limitations on…

Work, education, and career 
plans

“I knew I couldn’t go to medical school after that [the onset of RA]…When I started my rotations, and I 
had my first hematology rotation. You know how you draw blood with a vacutainer, you stick a needle 
in and you pop the vacuum tube on the end of it on the needle on the other end? I could not push the 
tube onto the needle. I was too weak. My muscles had wasted so much and I mean this was after 
doing PT and everything and I couldn’t push the needle on there. I had a hard time drawing blood for 
a long time. It took me a few months to get to where I could do it.” (Patient B)

Care of children or family 
members

“You know, I mean how do you parent? How do you deal with not being able to carry your baby? 
Especially when you’re in a flare and it hurts. I’ve never given a bath to any of my children.” (Patient P)

Driving a car “If it was my right foot that was swollen, I couldn’t drive.” (Patient N)
Sports or exercise “You know it really bugs me…, every time I find that I have to drop back the weights that I do or I had 

trouble running. Sometimes I’ll come home and say I ran today but I really had a lot of trouble or 
sometimes I can only do 10 laps.” (Patient L)

Recreational activities “I’m a seamstress. I made all the window treatments in our house. And make clothes for myself. But 
that’s getting more and more difficult for me to do because it requires manual dexterity and fine 
motor skills. I don’t have those anymore. Can’t do any hand sewing at all. I don’t have the strength to 
push a needle through the fabric.” (Patient K)

Clothing choice “You’re not going to wear high heels ever again. I like to wear heels. I have to get over it.” (Patient B)
Participation in social activities 

and responsibilities
“I think [I miss] having the get- togethers here, and not necessarily big get- togethers, but like we used to 

call them dinner parties. But you know, making a nice dinner for a couple of couples and you know, 
doing that sort of thing. I really enjoyed that. I enjoy just preparing and enjoying everybody else 
enjoying what I’ve prepared. And the same with holidays. Having the holidays and doing the same 
thing with the kids and family. And so yeah I miss that. And I told you, you know, being the neighbor 
who takes a banana bread to others, so those sorts of things.” (Patient O)

Cooking and food preparation “Thanksgiving was just a nightmare because you had to peel the potatoes to make mashed potatoes 
and there are no mashed potatoes that are good unless you make them from the beginning. And that 
had to be done. But I remember thinking, can I peel these the night before and then my hands will 
calm down. I’ll put them in cold water and then we can cook them tomorrow.” (Patient J)

Ability to get around certain 
environments (airports, 
stores without shopping 
carts)

“You do different kinds of shopping, instead of going to the mall, you go to Home Goods, because they 
have shopping carts [to lean on].” (Patient R)

Taking medicines (self- injections) “And since it’s really difficult for me to try to give me a shot in the shoulder, they suggest you have a 
caregiver or somebody or a spouse or whatever, if they’re willing to. See that’s a big thing. There might 
be some people…their spouse might not be willing to give them 1 shot.” (Patient C)

Limitation areas
Ability to sit up in a chair or to sit 

for extended period of time
“You’re always a little stiffer in the morning or when sitting for any length of time like when we travel we 

have to stop every hour and let me get out and walk.” (Patient K)
Ability to sleep “…I’ll have more pain during the night [when my RA is more active], I’ll have more trouble sleeping during 

the night. I have what I call a ‘rotisserie night’ and that’s just where I’m just turning over and over…” 
(Patient O)

Risk of falls “Couldn’t even bathe when I’m going to bed, I had to make sure the girl was inside the room that if I fall 
or anything.” (Patient M)

Needing to pause an activity to 
rest

“I usually do things in stages because I can’t stand for very long. And what I will do is I will do something 
over here and I’ll take something over there sit down and cut it up, maybe you cut something but at 
the table, and then work a little from there and then stand back up. I can’t…if it’s more than 10 or 15 
minutes at a time then…I need to take a break whether it’s standing up or sitting down whatever.” 
(Patient O)

Cooking “And I remember the college age son brought his girlfriend over and she wanted to teach me how to 
make fajitas. And she said oh now you cut up the tomatoes, and I couldn’t cut the tomatoes, it was 
too painful.” (Patient J)

Ability to open mouth and chew “I had the bite of a 7 year old because I had it in my jaw so bad. I couldn’t eat a hamburger in 1 bite. 
Because my jaw wouldn’t open.” (Patient B)

Adaptive measures
Power chair “And we had the power chair where he [the interviewee] could get up by lifting it all the way up, but he 

couldn’t really walk himself.” (Patient A)
Adaptive measures that allow 

patients to avoid activities 
that they cannot do

“Well I got a handicapped ticket card. I parked right in front of the…I worked at international house, right 
in front of the building. And so I had a desk job, so I didn’t have to move… I had to go to the restroom, 
but that was it. And I had 10 SA’s [student assistants] who would get me a cokes or whatever the hell I 
needed…I didn’t have to walk that much.” (Patient N)

Modifications to environment to 
improve accessibility

“Because originally the master bath had a tub and a stand up shower. And I said the tub we may as well 
take it out because I can’t use it. Put in a wheelchair accessible roll- in walk- in shower.” (Patient C)

 (Continued)
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You can’t sleep, you can’t do anything, you sit and watch TV and 
rock…and just you know, do what you can do.” (Female, 75 years 
old, pain VAS 5)

Pain is omnipresent (pain VAS 8– 10). Patients reporting 
high levels of pain experienced symptoms throughout the body 
and a high degree of interference with regular activities. The pain 
could accompany a flare, exist as a constant presence, or be 
induced frequently by activities of daily living. “Can I walk around 
the block? Probably not so well. I mean I use a cane. By the time 

I get back from the walk I’m doubled over in pain. I just I have to 
sit down and recover for, you know, for a half an hour usually.” 
(Female, 66 years old, VAS 8)

DISCUSSION

This study identified issues affecting the acceptability of 
patient- reported outcome measures among patients with RA, 
as well as shortcomings and strengths of patient- reported out-
come measures relative to verbal discussion for communicating 

Sample quotations
Adaptive measures enabling 

improved sleep (pillow 
between legs, device to 
keep blanket from touching 
painful feet)

“My brother made these little plastic pieces…for me…It holds it [the blankets] up off your feet…It keeps 
it from touching  
my feet altogether. I couldn’t stand the pain of a sheet.” (Patient K)

Not reported in verbal accounts
Specificity regarding degree of 

limitation
“I would say walking [is the greatest challenge for me right now].” (Patient M)

Specificity regarding area of 
limitation

“[The most challenging aspect of RA is] when it effects [sic] me with how I can take care of other people 
like with the kids, taking care of the kids when they were little. You know if there is a time where I can’t 
do something for my kids or my family.” (Patient B)

Sometimes, patients did not 
discuss all activity limitations 
they experienced, or when 
they needed help from others 
to perform activities (possibly 
due to embarrassment or 
wanting to avoid being seen as 
complaining).

“I was his [the interviewee’s] total caregiver until my children said, you can’t do this anymore…He could 
not get out of bed himself. I had to help him out of bed when it first started. And then we got him 
down to one of those lift chairs down in our family room. And I wash him, I had to take care of him 
when he was in the bathroom. He couldn’t do anything. And he would insist at times about eating at 
this table and my son- in- law who lives 2 houses down, would have to come over and help up the 
stairs. Now right before he went into the hospital where they kept him, my children said you can’t 
possibly…I mean look at the size of him and the size of me. They said, you can’t keep doing this, you’re 
killing yourself. And that’s when they said, we’ve got to call an ambulance because he could not help 
himself at all…He didn’t tell you the true beginning about how it all started [today during the 
interview]. That’s why I’m telling you.” (Patient A’s wife)

Sometimes, verbal accounts 
communicated limitations in 
terms of general symptoms 
rather than specific activity 
limitations.

“[The most challenging thing about my RA is that] when I was going through it, you know, because it 
affected my whole body… My whole body was stiff!” (Patient M)

* RA = rheumatoid arthritis. 

Table 3. (Cont’d)

Table 4. Patients’ verbal accounts of pain symptoms by self- reported pain visual analog scale (VAS)

Pain VAS score Patients’ verbal account of pain symptoms
0– 3: Pain does not interfere 

with activities
“In general, I’m pretty good. I get stiff, you know, like…you get stiff when you get older anyway. But I do get that 

from the arthritis. And I do have pain sometimes, but as I said, generally [acetaminophen] will take care of it 
for me.” (Patient G, female, 71 years old, pain VAS score 1); “I don’t consider myself having pain in my hands 
right now. Even though they’re uncomfortable because they’re a little stiff.” (Patient L, male, 80 years old, 
pain VAS score 2)

4– 7: Pain interferes with 
activities but is not the 
worst pain ever 
experienced

“For me I feel like it’s more active when I have more joint stiffness, I’m more tired, my body hurts more. I mean 
because there are times where I can comfortably walk down the stairs in the morning, and then you know, 
the last month or so I’m not, I’m holding on to both sides of the railing and kind of hobbling down the stairs 
in the morning.” (Patient P, female, 40 years old, pain VAS score 5); “Another type of pain that I experience is 
just…It doesn’t matter if I’m sitting still like I am here, or if I move, it just aches. And that’s generally going to 
be in my hips where I feel that, and it’s just a general ache, and I kind of compare it to if you could imagine 
what the Tin Man feels, in the Wizard of Oz when he’s going ‘oil, oil!’” (Patient H, female, 36 years old, pain 
VAS score 6)

8– 10: Pain is everywhere, all 
the time

“Pain is every day. No matter if it’s summer or winter. If the humidity is high I get a lot of pain…I think if you 
don’t pay attention to your pain, then you can live day by day. But if you pay attention a lot… I know a guy…
and he always says, ‘Oh my knee, my knee!’ And he complains every minute. I’ve got pain in my knee I got 
pain everywhere. I don’t say it.” (Patient Q, male, 79 years old, pain VAS 8); “The pain was extreme. It got to 
be extreme, it was just getting worse. And I went to, you know, I went to the physician for it, the neurologist. 
And they thought it was something else. And it seemed to stop for a little while and then it flared up again 
and got much worse and it put me in the hospital.” (Patient A, male, 75 years old, pain VAS 10)
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symptoms and disease impacts. While a previous study (16) has 
examined RA patient perceptions of the HAQ in clinical care, 
our study looks more broadly at the use of patient- reported out-
come measures from a patient perspective, considering how 
accurately patient- reported outcome measures can convey the 
effects of RA as experienced by patients.

Some patients in this study felt frustrated or doubtful when 
completing patient- reported outcome measures. Although they 
wanted to accurately represent their experience when respond-
ing to questions on patient- reported outcome measures, they felt 
uncertain about how to translate their experience into a question 
response, or whether clinicians and researchers could appropri-
ately interpret their responses. The idea that experience of pain 
and other symptoms/impacts is highly subjective was an impor-
tant source of this uncertainty.

Our comparison of the values of patient- reported out-
come measures with patients’ verbal accounts of disease impact 
confirms that certain patient- reported outcome measures (the 
HAQ, FACIT- Fatigue, EQ- 5D, and SF- 36) may have shortcom-
ings for assessing the effects of RA on patients’ ability to function 
in daily life. Although these patient- reported outcome measures 
characterized the severity of functional limitations, they did not 
identify the areas of functional limitation most problematic for indi-
vidual patients and did not provide much detail on how functional 
limitations impacted patients’ lives. The comparison also revealed 
advantages of patient- reported outcome measures, which may 
be more suitable than verbal communication for ascertaining the 
extent of functional limitations and for detecting physical function-
ing issues when patients are reluctant to discuss them openly. 
Because patients have diverse styles of communication, verbal 
accounts of pain symptoms cannot be used to assess severity 
of pain with as much discernment as pain VAS measurements. 
Thus, despite patients’ doubts about the accuracy and interpret-
ability of patient- reported outcome measures, these tools still 
have an important role to play in characterizing the burden of dis-
ease in patient populations and tracking the status of individual 
patients over time to inform clinical decisions. In addition to doc-
umenting patients’ health status and well- being, patient- reported 
outcome measures can also facilitate improved patient– provider 
communication about symptoms. For example, if patient- reported 
outcome measures are completed by the patient in advance, 
the results can be reviewed by the physician and function as a 
roadmap for the discussion during the consultation (9).

Evidence from other studies suggests that there is a need 
to reconsider the adequacy of existing patient- reported out-
come measures for capturing disease impacts in RA. Although 
there is increasingly widespread use of patient- reported out-
come measures in rheumatology such as the HAQ and pain VAS, 
few studies have examined RA patients’ perceptions of these 
patient- reported outcome measures. A study of RA patient per-
ceptions of the HAQ found that participants were frustrated by 
questions they did not know how to interpret or answer (16). This 

is consistent with our study’s findings and was similarly found in 
our prior item response theory study leading to the development 
of the HAQ- II (6). For the patients in our study, frustration with 
questions on patient- reported outcome measures was connected 
to patients’ desire to accurately communicate their disease status 
through their responses on patient- reported outcome measures. 
Since rheumatology patients prioritize different therapeutic out-
comes than their physicians (22– 27) and physicians often cannot 
identify the outcomes most important to individual patients (28), it 
is important to elicit feedback from patients on whether the dis-
ease impacts of importance to them are addressed by existing 
patient- reported outcome measures.

Our findings have implications for the collection and use 
of data from patient- reported outcome measures. Clinicians 
and researchers should consider providing patients with more 
explanation of the conceptual foundations of patient- reported 
outcome measure instruments. Having access to more back-
ground information about the instruments they are asked to 
complete might improve patients’ confidence in responding, their 
understanding of why their responses are relevant to clinicians 
and researchers, engagement with the data collection process, 
and data quality. It is also important for clinicians and research-
ers to recognize that certain patient- reported outcome measures 
(such as the HAQ) may not capture functional limitations that are 
less severe but still critical to patients, and that patients may not 
disclose all of the limitations they experience.

Our study has some limitations. We had a limited number 
of patients’ comments about patient- reported outcome measures 
for the analysis because patient- reported outcome measures were 
not the primary focus of the interviews. A future qualitative study of 
patient perceptions of patient- reported outcome measures might 
yield a greater variety of themes than presented here. The length 
of interviews may have discouraged some patients from partici-
pating, possibly influencing our findings. The views of the study 
participants (FORWARD enrollees in the US) may not reflect the 
perspectives of patients in other settings. To maximize the diver-
sity of perspectives, we included patients who were male, of dif-
ferent ages, and from different geographic regions. Some disease 
impacts that patients discussed in interviews were not detected 
by patient- reported outcome measures because they occurred 
before the patient had enrolled in FORWARD. Consequently, the 
comparison between functional limitations reported in patient- 
reported outcome measures and interviews was restricted to 
examining the completeness and detail offered by the 2 informa-
tion sources rather than severity of reported functional limitations.

Patient- reported outcome measures may have some short-
comings from the perspective of patients, but they also have 
advantages relative to verbal discussion for communicating 
symptoms and disease impact. Patients are a valuable source of 
feedback, which can be used to improve how patient- reported 
outcome measures are used in clinical practice and research 
and to inspire the development of modified versions of existing 
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patient- reported outcome measures and new instruments that 
are appropriate for the current needs of patients.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Dr. Michaud had full access to all of the 
data in the study and takes responsibility for the integrity of the data and 
the accuracy of the data analysis.
Study conception and design. Shaw, Simon, Michaud.
Acquisition of data. Zhang, Bradley, Schumacher, McDonald.
Analysis and interpretation of data. Shaw, Zhang.

ROLE OF THE STUDY SPONSOR

Bristol Myers Squibb had no role in the collection, analysis, or 
interpretation of the data, the writing of the manuscript, or the decision to 
submit the manuscript for publication. Bristol Myers Squibb did have a role 
in the study design, was informed of study progress, and was given a copy 
of the manuscript in advance.

REFERENCES
 1. Weldring T, Smith SM. Patient- reported outcomes (PROs) and 

patient- reported outcome measures (PROMs). Health Serv Insights 
2013;6:61– 8.

 2. Her M, Kavanaugh A. Patient- reported outcomes in rheumatoid 
arthritis. Curr Opin Rheumatol 2012;24:327– 34.

 3. Van Tuyl LH, Michaud K. Patient- reported outcomes in rheumatoid 
arthritis. Rheum Dis Clin North Am 2016;42:219– 37.

 4. Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient 
outcome in arthritis. Arthritis Rheum 1980;23:137– 45.

 5. Bruce B, Fries JF. The Health Assessment Questionnaire (HAQ). Clin 
Exp Rheumatol 2005;23:S14– 8.

 6. Wolfe F, Michaud K, Pincus T. Development and validation of the 
Health Assessment Questionnaire II: a revised version of the Health 
Assessment Questionnaire. Arthritis Rheum 2004;50:3296– 305.

 7. Pincus T, Hines P, Bergman MJ, Yazici Y, Rosenblatt LC, MacLean 
R. Proposed severity and response criteria for Routine Assessment 
of Patient Index Data (RAPID3): results for categories of disease 
activity and response criteria in abatacept clinical trials. J Rheumatol 
2011;38:2565– 71.

 8. Pincus T. A Multidimensional Health Assessment Questionnaire 
(MDHAQ) for all patients with rheumatic diseases to complete at all 
visits in standard clinical care. Bull NYU Hosp Jt Dis 2007;65:150– 60.

 9. Pincus T, Yazici Y. MDHAQ/RAPID3 can provide a roadmap or 
agenda for all rheumatology visits when the entire MDHAQ is 
Completed at all patient visits and reviewed by the doctor before the 
encounter. Bull NYU Hosp Jt Dis 2012;70:177– 86.

 10. Ware JE, Sherbourne CD. The MOS 36- item Short- Form Health 
Survey (SF- 36): I. Conceptual framework and item selection. Med 
Care 1992;30:473– 83.

 11. Gudex C. The development of the EuroQoL descriptive system: a 
review. EuroQol Plenary Meeting. Barcelona; 1995. Discussion papers.

 12. Anderson J, Caplan L, Yazdany J, Robbins ML, Neogi T, Michaud 
K, et al. Rheumatoid arthritis disease activity measures: American 
College of Rheumatology recommendations for use in clinical prac-
tice. Arthritis Care Res (Hoboken) 2012;64:640– 7.

 13. Fitzpatrick R, Davey C, Buxton MJ, Jones DR. Evaluating patient- 
based outcome measures. Health Technol Assess 1998;2:i– iv, 
1– 74.

 14. Huskisson E. Measurement of pain. Lancet 1974;2:1127– 31.

 15. Hewlett S, Hehir M, Kirwan JR. Measuring fatigue in rheuma-
toid arthritis: a systematic review of scales in use. Arthritis Rheum 
2007;57:429– 39.

 16. Ebbevi D, Essén A, Forsberg HH. Persons with rheumatoid arthritis 
challenge the relevance of the health assessment questionnaire: a 
qualitative study of patient perception. BMC Musculoskelet Disord 
2017;18:189.

 17. Teddlie C, Tashakkori A. Foundations of mixed methods research: 
integrating quantitative and qualitative approaches in the social and 
behavioral sciences. Los Angeles: SAGE; 2009.

 18. Shaw Y, Bradley M, Zhang C, Dominique A, Michaud K, McDonald 
D, et al. Development of resilience among rheumatoid arthritis 
patients: a qualitative study. Arthritis Care Res (Hoboken) 2020; 
72:1257– 65.

 19. Wolfe F, Michaud K. The National Data Bank for Rheumatic Diseases: 
a multi- registry rheumatic disease data bank. Rheumatology (Oxford) 
2011;50:16– 24.

 20. Cella D, Yount S, Sorensen M, Chartash E, Sengupta N. Validation of 
the Functional Assessment of Chronic Illness Therapy Fatigue Scale 
relative to other instrumentation in patients with rheumatoid arthritis. 
J Rheumatol 2005;32:811– 9.

 21. Braun V, Clarke V. Thematic analysis. In: Cooper H, editor. APA 
handbook of research methods in psychology. Vol. 2. American 
Psychological Association; 2012. p. 57– 71.

 22. Hewlett SA. Patients and clinicians have different perspectives on 
outcomes in arthritis. J Rheumatol 2018;30:877– 9.

 23. Sanderson T, Morris M, Calnan M, Richards P, Hewlett S. What out-
comes from pharmacologic treatments are important to people with 
rheumatoid arthritis? Creating the basis of a patient core set. Arthritis 
Care Res (Hoboken) 2010;62:640– 6.

 24. Sanderson T, Morris M, Calnan M, Richards P, Hewlett S. Patient 
perspective of measuring treatment efficacy: the Rheumatoid 
Arthritis Patient Priorities for Pharmacologic Interventions Outcomes. 
Arthritis Care Res (Hoboken) 2010;62:647– 56.

 25. Hewlett S, Smith A, Kirwan J. Values for function in rheuma-
toid arthritis: patients, professionals, and public. Ann Rheum Dis 
2001;60:928– 33.

 26. Ahlmen M. Rheumatology outcomes: the patient’s perspective. A 
multicentre focus group interview study of Swedish rheumatoid 
arthritis patients. Rheumatology (Oxford) 2005;44:105– 110.

 27. Guzman J, Gomez- Ramirez O, Jurencak R, Shiff N, Berard R, 
Duffy C, et al. What matters most for patients, parents, and clini-
cians in the course of juvenile idiopathic arthritis? A qualitative study. 
J Rheumatol 2014;41:2260– 9.

 28. Kwoh CK, Ibrahim SA. Rheumatology patient and physician con-
cordance with respect to important health and symptom status out-
comes. Arthritis Rheum 2001;45:372– 7.



520  

Arthritis Care & Research
Vol. 73, No. 4, April 2021, pp 520–530
DOI 10.1002/acr.24148
© 2020, American College of Rheumatology

Effectiveness of Stepped- Care Intervention in Overweight 
and Obese Patients With Medial Tibiofemoral 
Osteoarthritis: A Randomized Controlled Trial
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Objective. To test the effectiveness of a 32- week, stepped- care intervention on disease remission rates in 
overweight and obese patients with medial tibiofemoral osteoarthritis (OA) compared to controls.

Methods. In this randomized controlled trial, eligible participants were ≥50 years of age with a body mass index 
of ≥28 kg/m2 and radiographic evidence of medial tibiofemoral OA. Participants were randomized to stepped- care 
(n = 87) or control group (n = 84). The stepped- care group received a 2- step intervention. The first step consisted of 
an 18- week diet and exercise program. The second step consisted of 4 treatment subgroups: 1) diet and exercise 
maintenance; 2) cognitive– behavioral therapy; 3) unloader knee brace; and 4) muscle strengthening exercises. 
Allocation into subgroups was based on disease remission state and clinical characteristics. The primary end point 
was the disease remission rate (yes/no) at 32 weeks, which was reached when participants achieved the Patient 
Acceptable Symptom State cutoff value for pain and for the patient global assessment of disease activity and/or 
functional impairment.

Results. Disease remission at 32 weeks was achieved by 18 of 68 (26%) in the control group and 32 of 82 (39%) 
in the stepped- care group (difference 12.6% [95% confidence interval – 2.3, 27.4], P = 0.10). The stepped- care group 
showed an improvement in pain and function between baseline and 20 weeks. While functional improvement was 
maintained at 32 weeks, pain levels tended to get worse between weeks 20 and 32.

Conclusion. The proposed intervention did not promote a significant difference in the rate of disease remission in 
comparison to the control group for overweight or obese patients with medial tibiofemoral OA.

INTRODUCTION

Osteoarthritis (OA) is a leading cause of disability worldwide 
(1). The knee is commonly affected, with 1 in 2 individuals devel-
oping symptomatic knee OA sometime in their life (2). The lifetime 
risk is even higher among obese individuals, with 2 in 3 at risk 
of developing the symptomatic disease (2). Yet, obesity is one of 
the most important modifiable risk factors (3).

In the absence of a cure, the gold standard for knee OA man-
agement is diet and exercise (4– 8). However, treatment effect sizes 
are only small to moderate and with large confidence intervals (9). 

The heterogeneity in patients’ clinical presentation might partially 
explain the lack of a better treatment effect (10).

The heterogeneity of knee OA plays a crucial role in the effec-
tiveness of interventions because it complicates disease manage-
ment. It can be exemplified by the involvement of 1 or multiple 
joint compartments (11) and the presence of comorbidities (3,12). 
The simultaneous involvement of joint compartments impacts the 
structural and symptomatic manifestation of OA (11). For instance, 
patients with medial knee OA may have greater compressive 
loads in the medial compartment and varus malalignment (13). 
Although there is no specific recommendation for treating varus 

ACTRN: 12615000227594.
Supported by the National Health and Medical Research Council 

(program grant APP1091302) and The University of Sydney.
1Sarah R. Robbins, BPthy, PhD, Hema Urban, BBiomedSc, MBiomedSc, Leticia 

A. Deveza, MD, PhD, Victoria L. Johnson, MBBS, PhD, BachAppSc (ExSpSc&Nutr), 
David J. Hunter, MBBS, MSc (Clin Epi), MSpMed, PhD, FRACP (Rheum): The 
University of Sydney and Royal North Shore Hospital, Saint Leonards, New 
South Wales, Australia; 2Luciano R. S. Melo, BPthy, MPthy (Musculoskeletal): 
The Sax Institute, Haymarket, New South Wales, Australia; 3Rebecca Asher, 
MSc: National Health and Medical Research Council Clinical Trials Centre, The 
University of Sydney, Camperdown, New South Wales, Australia.

Dr. Robbins and Mr. Melo contributed equally to this work.
Dr. Hunter has received consulting fees from TLC Bio, Pfizer, and Merck 

Serono (less than $10,000 each). No other disclosures relevant to this article 
were reported.

Address correspondence to Sarah R. Robbins, BPthy, PhD, Level 10, 
Kolling Institute of Medical Research, Royal North Shore Hospital, Reserve 
Road, St. Leonards, New South Wales 2065, Australia. Email: sarah.robbins@
sydney.edu.au.

Submitted for publication March 4, 2019; accepted in revised form 
January 14, 2020.

mailto:
https://orcid.org/0000-0003-2587-1649
https://orcid.org/0000-0003-4742-4401
https://orcid.org/0000-0003-1390-8109
https://orcid.org/0000-0002-2766-7142
https://orcid.org/0000-0003-2502-4693
https://orcid.org/0000-0003-3197-752X
mailto:sarah.robbins@sydney.edu.au
mailto:sarah.robbins@sydney.edu.au
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24148&domain=pdf&date_stamp=2021-03-26


STEPPED- CARE INTERVENTION IN OVERWEIGHT AND OBESE OA PATIENTS |      521

malalignment, valgus knee braces have been shown to improve 
pain and biomechanical outcomes with small- to- moderate and 
moderate- to- high effect sizes, respectively.

Patients with comorbid anxiety and depression report worse 
outcomes (12) and are less likely to improve after receiving treat-
ment, although the evidence is conflicting. Cognitive– behavioral 
therapy (CBT) has been shown to improve depression and psy-
chological distress in individuals with knee OA (14). Furthermore, 
other characteristics might play a role in the disease progression, 
such as muscle weakness that is associated with more severe joint 
damage and poorer patient outcomes (15). There is strong evi-
dence to support lower extremity strengthening in improving pain 
and physical function (16).

With all of this in mind, a stepped- care management model 
is presumed to ensure cost- effective care by offering effective, 
simple, and affordable interventions as the first step (17). A fur-
ther and more target step is only considered when clinical goals 
are not met, thus minimizing the use of complex and costly inter-
ventions needlessly (17). To our knowledge, only observational 
studies have investigated the stepped- care approach in OA 
(18– 22).

Before assessing cost- effectiveness, it is crucial to identify 
an effective stepped- care strategy. Therefore, this study aimed 
to investigate the effectiveness of a 32- week, stepped- care inter-
vention delivered to overweight and obese individuals with medial 
tibiofemoral OA on disease remission rates in comparison to 
controls.

PATIENTS AND METHODS

Study design and settings. This study was a superiority, 
randomized controlled trial with 2 parallel groups and allocation 
ratio of 1:1 conducted at Royal North Shore Hospital, Sydney, 
Australia. This study was approved by the hospital’s Human 
Research Ethics Committee (HREC/14/HAWKE/381) and pro-
spectively registered at the Australian New Zealand Clinical Trials 

Registry (ACTRN: 12615000227594). We used the Consolidated 
Standards of Reporting Trials (CONSORT) guidelines to report 
this trial (23). A detailed description of the methods has been 
 published previously (24).

Participants. Participants were eligible if they met the fol-
lowing criteria: 1) ≥50 years of age and a body mass index (BMI) 
≥28 kg/m2; 2) Kellgren/Lawrence (K/G) grade ≥2 of 4 (25); 3) radio-
graphic evidence of predominantly medial tibiofemoral OA; 4) pain 
intensity ≥40 of 100 on a visual analog scale (VAS); 5) scores above 
the Patient Acceptable Symptom State (PASS) (26) cutoff value 
for patient global assessment of disease activity (PtGA) (≥32 of 
100) and functional impairment (≥31 of 100) on the function sub-
scale of the normalized Western Ontario and McMaster OA Index 
(WOMAC) (27). Participants were excluded if they had any pathol-
ogy likely to be contributing to their knee pain or were wait- listed 
for surgery.

Interventions. Participants were randomly assigned to 32 
weeks in the stepped- care or control group. The stepped- care 
group received a 2- step intervention. The first step was a home- 
based diet and exercise program assisted by a remote care sup-
port team offered by Healthy Weight for Life (HWFL) (28) over 18 
weeks. A more detailed description of the intervention can be 
found in the trial’s protocol (24).

The second step was implemented at the 20- week visit 
after assessing for disease remission (see Primary Outcome 
section below). If disease remission was achieved, participants 
were allocated to the diet and exercise maintenance subgroup 
and instructed to follow the HWFL maintenance routine. If dis-
ease remission was not achieved, participants were allocated 
to CBT, knee brace, or muscle strengthening exercises using 
the following criteria: 1) Participants with a depression subscore 
≥14 of 21 on the 21- item Depression, Anxiety, and Stress Scale 
(DASS- 21) (29) were allocated to a 12- week online CBT program 
offered by the Clinical Research Unit for Anxiety and Depression; 
2) In the absence of depression, participants with varus malalign-
ment ≥6° on the mechanical axis (30) received an unloader knee 
brace (Össur) (31). The brace was used over 12 weeks during 
regular activities for at least 6 hours daily. Participants in this sub-
group underwent magnetic resonance imaging (MRI) before and 
after 12 weeks to assess the impact of brace use on bone mar-
row lesions. Participants presenting concomitant depression 
and malalignment were allocated to CBT; and 3) Participants 
who did not exhibit depression or varus malalignment were 
automatically allocated to 12 weeks of muscle strengthening 
exercises comprised of 6 supervised sessions and home- based 
exercises (32).

The control group received educational leaflets outlining 
self- management measures for knee OA and were encouraged 
to access the MyJointPain website (33). Participants could seek 
treatment for their knee OA while in the study.

SIGNIFICANCE & INNOVATIONS
• To our knowledge, this is the first randomized con-

trolled trial testing a stepped- care intervention in 
individuals with knee osteoarthritis (OA).

• We have defined for the first time the concept of 
disease remission in patients with knee OA as the 
remission of pain in addition to the remission of the 
patient global assessment of disease activity and/
or functional impairment. The concept was derived 
from the Patient Acceptable Symptom State, which 
represents the remission of a given symptom.

• Contrary to most clinical trials, we focused on patients 
achieving a state of disease remission rather than just 
a minimum clinically important improvement.
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Primary outcome. The primary outcome was the pro-
portion of participants achieving disease remission (yes/no) at 
32 weeks. Disease remission was assessed at baseline, at 20 
weeks, and at a 32- week visit. The concept was derived from 
the PASS, which represents the remission of a given symp-
tom. The PASS estimates have been established in patients 
with knee OA for pain intensity as ≤32 of 100, PtGA of disease 
activity as ≤32 of 100, and functional impairment as ≤31 of 100 
(26). We defined disease remission as the remission of pain in 
addition to the remission of the PtGA of disease activity and/or 
functional impairment. Therefore, participants achieved disease 
remission when they reached the PASS threshold for pain plus 
the PASS cutoff for PtGA of disease activity and/or functional 
impairment.

Pain intensity was assessed by the question, “Please indicate 
the amount of right/left knee pain experienced during knee move-
ment in the last 48 hours using the scale below.” The VAS ranged 
from no pain (0) to worst possible pain (100) (34). PtGA of disease 
activity was evaluated using the question, “Considering all the 
ways your arthritis affects you, please indicate, by using the scale 
below, how well you are doing.” The scale ranged from very well 
(0) to very poor (100) (35). Functional impairment was assessed 
by the Knee Injury and OA Outcome Score (KOOS) (36) using the 
function in daily living subscale, which was used to recreate the 
WOMAC function score, which was then normalized to a 0– 100 
scale (27).

Secondary outcomes. Our secondary outcomes were 
as follows: 1) pain intensity as measured by a VAS; 2) func-
tional impairment by the WOMAC function subscale (derived 
from KOOS); 3) percentage of body weight loss; 4) exclu-
sively for the knee brace subgroup, number of bone marrow 
lesions in the study knee (grade >0) as assessed on MRI and 
scored using the MRI OA Knee Score (37); 5) physical per-
formance measured by the Timed Up and Go test and fast- 
paced walk test (40 meters); 6) BMI (BMI = weight [kg]/height2 
[m]); 7) waist- hip ratio calculated using waist and hip circum-
ference; 8) quadriceps strength (in Nm/kg) measured by an 
isometric knee extensor strength test using a force gauge; 9) 
severity of depression measured using the DASS- 21; and 10) 
knee range of motion measured by goniometry of knee exten-
sion and flexion, and frontal plane knee alignment measured 
by goniometry.

Treatment response was assessed according to global rat-
ings of change, in which “treatment success” was defined as 
when participants self- reported being moderately or much bet-
ter. The remaining answers (much worse, moderately worse, no 
change, and slightly better) were classified as “treatment fail-
ure.” The Outcome Measures in Rheumatology– Osteoarthritis 
Research Society International (OMERACT– OARSI) responder 
criteria (38) were also used to compare the number of responders 

between groups. Responders were participants with ≥50% 
improvement and an absolute change of at least 20 (of 100) in 
the VAS or normalized WOMAC function scores. Participants 
were also responders if they presented ≥20% improvement and 
an absolute change of at least 10 (of 100) in at least 2 of the fol-
lowing: VAS score, normalized WOMAC function score, or PtGA 
of disease activity score.

Sample size. The sample size was estimated to detect 
a between- group difference of 25% in disease remission at 32 
weeks, which would make the program worthwhile based on 
expert clinical opinion. Calculations were based on a disease 
remission rate of 45% for the control group, anticipated by the 
research team based on spontaneous remission and regression 
toward the mean. To reach a power of 80% and a 2- sided α of 
5%, 68 individuals were required per group. Assuming a dropout 
rate of 20%, we aimed to include 85 individuals in each group to 
reach at least 68 per group. Please refer to the trial’s protocol for 
further details (24).

Randomization. A computer- generated randomization 
list was prepared by an independent statistician using ran-
dom block sizes of 2, 4, and 6. The randomization schedule 
was stratified by radiographic severity (K/L grade 2/3 or 4) to 
ensure a balanced distribution of severe radiographic OA (K/L 
grade 4).

The allocation sequence was concealed from the research-
ers who enrolled and assessed participants by sequentially num-
bered, opaque, and sealed envelopes prepared by an independent 
researcher. The study coordinator (LRSM), who was not involved 
in the enrollment and assessment of the participants, opened the 
envelopes consecutively after completion of baseline assessments. 
The study coordinator then delivered the education pamphlet or 
referred participants to the HWFL program according to group 
allocation.

Blinding. The researchers enrolling and assessing the 
participants were blind to the group allocation. Considerable 
effort was made to maintain the blinding, and participants were 
requested not to disclose any information about their interven-
tion. The participants, the study coordinator, the therapist deliv-
ering the strengthening exercises, and the statistician were not 
blinded.

Statistical methods. The analysis was conducted accord-
ing to the intent- to- treat principle. A per- protocol analysis was 
also conducted for the primary outcome. Variables were sum-
marized at each time point by treatment group using mean ± SD 
for variables with a normal distribution, median and interquartile 
range for variables with skewed distribution, and absolute value 
and proportion for categorical variables. The between- group 



STEPPED- CARE INTERVENTION IN OVERWEIGHT AND OBESE OA PATIENTS |      523

difference was presented as mean change from baseline and 
95% confidence interval (95% CI). An independent t- test and Wil-
coxon’s rank sum test were used to compare outcomes between 
treatment groups depending on the data distribution. Categori-
cal outcomes were compared using a chi- square test or Fisher’s 
exact test.

The difference in proportions of disease remission at 32 
weeks was summarized as mean (95% CI) and analyzed using 
a 2- proportion Z test. Pain and functional impairment were plot-
ted for each time point to allow the observation of the trajectory 
of these variables over time. A generalized estimating equa-
tion model was fitted to investigate the effect of interventions over 
time, including a treatment- by- time interaction term alongside 

treatment and time main effects. The association of weight loss 
and pain was assessed using regression analysis adjusted for 
group allocation. The number of bone marrow lesions on MRI 
pre–  and post– knee brace was compared using a paired t- test. 
All analyses were performed using Stata, version 14.2, and SAS, 
version 9.4.

RESULTS

Between July 2015 and April 2017, 689 patients were 
assessed for eligibility. After excluding 362 participants who 
did not meet the study criteria, a further 156 were excluded 
due to other reasons (Figure 1). A total of 171 participants 

Figure 1. Study flow diagram.
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were randomized (control n = 84; stepped- care n = 87) 
(Figure 1).

Ten participants (11%) from the stepped- care and 23 
(27%) from the control group discontinued the intervention 
during the study. Information on the primary outcome was 
collected via phone for 12 of these participants (control 
n = 7; stepped- care n = 5), resulting in a total of 68 (81%) 
participants in the control group and 82 (94%) in the stepped- 
care group with primary outcome collected and analyzed 
(Figure 1). There were no significant differences in baseline 
characteristics between the participants who discontin-
ued intervention compared to the ones who completed the 
study (see Supplementary Table 1, available on the Arthritis 
Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24148/ abstract).

Table 1 shows the baseline characteristics of participants 
allocated to the stepped- care and control groups. The mean 
age of participants was 63 ± 7 years; 64% were female, and 
the majority had mild or moderate radiographic OA (K/L grade 2 
or 3; 67%).

Primary outcome results. Based on intent- to- treat analy-
sis 18 participants (26%) in the control group and 32 (39%) in 
the stepped- care group achieved disease remission at 32 
weeks (difference [Δ] 12.6% [95% CI – 2.3, 27.4], P = 0.10). Per- 
protocol analysis showed similar results (16 [26%] versus 31 
[40%], respectively; P = 0.08).

Secondary outcomes results. Pain and function. At the 
20- week visit, improvement in pain and function was significantly 
greater in the stepped- care group compared to controls (Δ pain 
10.7 [95% CI 3.9, 17.4], P = 0.002, and Δ function 9.9 [95% CI 
5.0, 14.8], P < 0.001). At 32 weeks, the stepped- care group still 
showed a significantly greater improvement in function compared 
to controls (Δ 6.0 [95% CI 1.0, 11.0], P = 0.02) but no difference 
in pain (Δ 3.3 [95% CI – 3.6, 10.2], P = 0.35) (Figure 2 and Supple-
mentary Table 2, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24148/ abstract).

All stepped- care subgroups showed a decrease in pain 
between the 20-  and 32- week visits, except the maintenance 
group, whose pain got significantly worse (Δ pain 9.3 [95% CI 2.7, 

Table 1. Baseline demographic and clinical characteristics of participants allocated to the stepped- care 
and control groups*

Characteristic
Control
(n = 84)

Stepped- care
(n = 87)

Total
(n = 171)

Index knee
Left 40 (48) 40 (46) 80 (47)
Right 44 (52) 47 (54) 91 (53)

Age at randomization, mean ± SD years 63.8 ± 7.3 62.5 ± 7.4 63.1 ± 7.4
Sex, female 52 (62) 57 (66) 109 (64)
Weight, mean ± SD kg 101.3 ± 18.6 99.6 ± 22.2 100.4 ± 20.5
BMI, median (IQR) kg/m2 35.9 (31.4– 41.5) 34.0 (30.3– 39.6) 34.9 (30.9– 40.2)
BMI categories

Overweight 10 (12) 19 (22) 29 (17)
Obesity class I 28 (33) 30 (34) 58 (34)
Obesity class II 22 (26) 18 (21) 40 (23)
Obesity class III 24 (29) 20 (23) 44 (26)

Waist- to- hip ratio, mean ± SD 0.9 ± 0.1 0.9 ± 0.1 0.9 ± 0.1
Kellgren/Lawrence grade

2 29 (35) 29 (33) 58 (34)
3 29 (35) 28 (32) 57 (33)
4 26 (31) 30 (34) 56 (33)

Reported falls in the last 12 months 28 (33) 20 (23) 48 (28)
Serious health issues in the past 5 

years
36 (43) 37 (43) 73 (43)

Medications
Acetaminophen 50 (60) 65 (75) 115 (67)
NSAIDs 38 (45) 44 (51) 82 (48)
Opioids 12 (14) 12 (15) 25 (15)
Supplements 28 (33) 26 (30) 54 (32)
Neuroleptics 6 (7) 1 (1) 7 (4)

Pain intensity, median (IQR) (range 
0– 100)

61.5 (50– 77.5) 61 (50– 70) 61 (50– 74)

Functional impairment, median (IQR) 
(range 0– 100)

50 (39.0– 60.3) 50 (39.7– 58.8) 50 (39.7– 60.3)

PtGA, median (IQR) (range 0– 100) 51 (48.5– 70) 59 (50– 70) 52 (50– 70)
* Values are the number (%) unless indicated otherwise. BMI = body mass index; IQR = interquartile range; 
NSAIDs = nonsteroidal antiinflammatory drugs; PtGA = patient global assessment of disease activity. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24148/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24148/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24148/abstract
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15.8]) (Figure 3 and Table 2). The CBT and knee brace subgroups 
demonstrated a nonsignificant improvement in function, while 
the maintenance and the muscle strengthening subgroups exhib-
ited a nonsignificant worsening in function (Figure 3 and Table 2). 
Remaining outcomes are presented in Table 3. The stepped- care 
group resulted in a significant reduction in BMI in comparison to 
the control group.

Weight loss. Stepped- up care was associated with in-
creased weight loss (kg) at 20 weeks in comparison to the con-
trol group (mean difference from baseline – 6.1 kg [95% CI – 7.4, 
– 4.9] versus – 0.1 kg [95% CI – 1.1, 0.8], respectively; P < 0.001) 
as well as at 32 weeks (mean difference from baseline – 5.3 
[95% CI – 6.8, – 3.8] versus – 0.2 [95% CI – 1.3, 0.9], respective-
ly; P < 0.001) (see Supplementary Table 2, available on the Ar-
thritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24148/ abstract).

Bone marrow lesions. Additional analysis detected a sig-
nificant decrease in the number of bone marrow lesions in par-
ticipants who wore the knee brace from week 20 to week 32. 
At the 20- week visit, participants presented a mean ± SD of 
7.1 ± 3.7 bone marrow lesions as assessed by MRI. After 12 
weeks of knee brace use, the mean ± SD was 6.5 ± 4.1. The 
pre–  and post– knee brace difference was statistically significant 
(– 0.6 [95% CI – 1.2, 0.06], P = 0.03).

Quadriceps strength. Participants allocated to the muscle 
strengthening subgroup presented a mean ± SD quadriceps 
strength (Nm/kg) of 0.8 ± 0.3 at the 20- week visit, and 0.9 ± 0.4 
at the 32- week visit. The pre-  and post- strengthening exercise 
difference was not statistically significant (0.04 [95% CI – 0.1, 
0.2], P = 0.68).

Figure 2. Trajectory of pain intensity (A) and functional impairment 
(B) over the 3 time points by allocated groups. The stepped- care 
group showed a trend toward improvement in pain and function 
between baseline and 20 weeks. However, between 20 and 32 
weeks, a worsening in pain and maintenance in function levels was 
seen. The control group presented a slight but steady improvement in 
pain and function over time. Bars indicate the SD.

Figure 3. Trajectory of pain intensity (A) and functional impairment 
(B) over the 3 time points by stepped- care subgroups. The 
subgroups showed a trend toward decreasing pain except for the 
maintenance group, whose pain got worse over time. The cognitive– 
behavioral therapy (CBT) and knee brace subgroups demonstrated 
an improvement in function. The maintenance and the muscle 
strengthening subgroups exhibited a worsening in function. Bars 
indicate the 95% confidence interval. Vertical broken lines indicate 
the 20-week time point.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24148/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24148/abstract
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Depression symptoms. Participants allocated to the CBT 
subgroup presented a mean ± SD DASS- 21 score of 18.0 ± 4.9 
at the 20- week visit, and 16.8 ± 9.1 at the 32- week visit. The 
pre-  and posttreatment difference was not statistically significant 
(– 1.2 [95% CI – 7.7, 5.3], P = 0.63).

Treatment response. A total of 58 of 82 participants (70.7%) 
in the stepped- care group, and 42 of 68 (61.8%) in the control 
group (P = 0.25) were considered responders to treatment ac-
cording to the OMERACT– OARSI criteria at 32 weeks.

At 20 weeks, the stepped- care group had a significantly 
higher proportion of treatment success according to global rat-
ings of change compared to controls (53 [65%] versus 23 [30%]; 
P < 0.001), which remained at the 32- week visit (48 [59%] versus 
28 [41%]; P = 0.03).

Of the 48 patients who achieved treatment success at 32 
weeks in the stepped- care group, 32 (67%) belonged to the main-
tenance subgroup, 2 (4%) to the CBT group, 5 (10%) to the knee 
brace group, and 8 (17%) to the strengthening group. One person 
(2%) who achieved disease remission dropped out before being 
allocated to the subgroups.

Within the subgroups, the maintenance group had higher rates 
of success according to global ratings of change (32 of 37, 86.5%), 
followed by 2 of 5 (40%) in the CBT group, 5 of 16 (31%) in the knee 
brace group, and 8 of 20 (40%) in the muscle strengthening group.

Adverse events. Ten participants reported a total of 13 
adverse events; 7 of these events were pain exacerbation related 
to the strengthening exercises, and 6 were related to the diet 
program and included food intolerances (2) and mild gastroin-
testinal reactions (4). No serious adverse events were observed. 

All adverse events were reported to the sponsor and ethics 
committee.

DISCUSSION

This study aimed to assess the effectiveness of a stepped- 
care intervention in overweight and obese individuals with medial 
tibiofemoral OA. Our results showed a difference of 13% in rates 
of disease remission in favor of the stepped- care group, which 
was not statically significant and below the 25% difference rate 
initially estimated to make the intervention worthwhile for being 
implemented in clinical practice.

Clinical practice guidelines (CPGs) highlight the importance 
of a stepped approach for the management of OA by offering 
core treatments (education, exercise, and weight loss) in the first 
instance, followed by additional treatment options, which include 
nonpharmacologic and pharmacological interventions (39,40). 
If symptoms persist and are disabling, surgical options are then 
offered to the patient, but only as a last resort (39,40). This 
stepped- care strategy is deemed to be a logical and reasonable 
approach to clinical practice. Our study aimed to offer the gold 
standard treatment (diet and exercise) to all participants as a first 
step, and in the second step, we aimed to address certain char-
acteristics that complicate disease management, namely depres-
sion, varus malalignment, and muscle weakness.

In the field of OA, only observational studies using a stepped- 
care strategy have been conducted. Smink et al have developed 
and implemented a stepped- care strategy in alignment with 
CPGs to improve the care for knee and hip OA in clinical practice 
(22). The authors found that after implementing the program, the 

Table 2. Summary of the change in pain intensity and functional impairment between 20 and 32 weeks after 
commencement of stepped- care*

Summary of  
variables

Change from 20 to 32 
weeks

20 weeks 32 weeks Mean (95% CI) P
Pain 0.03

Control 76/50.7 ± 23.9 68/46.0 ± 23.6 – 4.2 (– 9.0, 0.6)
Stepped- care

Maintenance 37/15.5 ± 9.5 37/24.8 ± 20.9 9.3 (2.7, 15.8)
CBT 5/63.0 ± 14.3 5/59.2 ± 22.5 – 3.8 (– 42.5, 34.9)
Knee brace 16/54.4 ± 19.4 16/51.4 ± 24.0 – 3.0 (– 14.3, 8.3)
Muscle strengthening 20/55.4 ± 15.2 20/54.3 ± 23.2 – 1.0 (– 11.6, 9.5)

Functional impairment 0.09
Control 76/39.61 ± 20.17 68/35.5 ± 18.9 – 3.9 (– 7.2, – 0.7)
Stepped- care

Maintenance 37/13.12 ± 9.17 37/15.5 ± 12.7 2.4 (– 1.8, 6.7)
CBT 5/56.2 ± 8.60 5/47.9 ± 5.4 – 8.2 (– 18.9, 2.5)
Knee brace 16/45.1 ± 9.60 16/43.4 ± 15.7 – 1.7 (– 8.3, 4.8)
Muscle strengthening 20/39.3 ± 16.6 20/41.2 ± 21.6 2.0 (– 5.2, 9.2)

* Values are the total no. of patients/mean ± SD unless indicated otherwise. The maintenance subgroup presented 
worse pain and function between 20 and 32 weeks. A slight improvement in pain and function is seen for the other 
subgroups, except for the muscle strengthening subgroup, which had a slight worsening in function. Negative 
change values represent an improvement in the variable. 95% CI = 95% confidence interval; CBT = cognitive– 
behavioral therapy. 
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nonsurgical modalities were better used by the general practition-
ers (20), and the referral to secondary care was based on the fail-
ure of exercise therapy rather than disease severity (41). However, 
no difference in pain and function was detected between patients 
who received treatment by the stepped- care strategy and the 
patients who underwent usual care over 2 years (21).

Disease remission was defined based on the PASS concept 
and expert opinion. The term reflects the symptomatic remission 
of pain and PtGA of disease activity or the symptomatic remission 
of pain and functional impairment.

The PASS has been used previously in the OA field. Dougados 
et al (42) investigated the effect of 2 drug therapies (lumiracoxib 
and celecoxib) in patients with knee OA in comparison to placebo. 

The authors found that at the end of the study, 31.8% of partici-
pants in the placebo group considered their current state as sat-
isfactory according to ≥2 PASS criteria that were similar to those 
for our control group (26%) (42). For the treatment groups, they 
found that the proportion of patients reaching ≥2 PASS criteria 
was ~42% (42). We found that at least 39% of our participants 
achieved ≥2 criteria. Since our definition of disease remission is 
also based on 2 PASS criteria, the results are somewhat compa-
rable but underestimated, as our results do not account for par-
ticipants who did not reach the PASS for pain cutoff but achieved 
the other 2 criteria (PtGA of disease activity and functional impair-
ment). The study from Dougados et al presented the results of 
a statistically and clinically effective drug intervention (42). The 

Table 3. Secondary outcomes*

Outcomes
per time point

Summary variables,
total no. of patients/

mean ± SD
Change from  

baseline
Difference in change

from baseline

Control Stepped- care Control Stepped- care
Stepped- care 

–  control P
BMI

Baseline 84/36.9 ± 6.2 87/35.8 ± 7.0 – – – – 
20 weeks 63/36.4 ± 6.5 78/33.6 ± 6.3 – 0.1 (– 0.5, 0.2) – 2.1 (– 2.6,– 1.7)† – 2.0 (– 2.6, – 1.4) <0.01
32 weeks 61/35.9 ± 7.7 72/33.6 ± 6.4 – 0.5 (– 1.4, 0.5) – 1.9 (– 2.4, – 1.4)† – 1.4 (– 2.4, – 0.4) <0.01

Waist- hip ratio
Baseline 68/0.9 ± 0.1 72/0.9 ± 0.1 – – – – 
20 weeks 76/0.9 ± 0.1 79/0.9 ± 0.1 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.42
32 weeks 73/0.9 ± 0.1 73/0.9 ± 0.1 0.0 (0.0, 0.0) 0.0 (0.0, 0.1) 0.0 (0.0, 0.1) 0.45

Knee flexion
Baseline 68/114.9 ±27.1 72/118.9 ±19.2 – – – – 
20 weeks 76/116.3 ± 18.5 79/112.2 ± 21.1 3.9 (– 3.7, 11.4) – 7.0 (– 14.3, 0.6) – 10.8 (– 21.3, – 0.3) 0.04
32 weeks 73/115.1 ± 26.1 73/116.7 ± 21.8 0.3 (– 9.0, 9.7) – 3.2 (– 10.8, 4.4) – 3.5 (– 15.4, 8.3) 0.56

Knee extension
Baseline 68/20.0 ± 30.5 72/15.6 ± 27.4 – – – – 
20 weeks 76/9.75 ± 15.3 79/11.3 ± 18.4 – 14.2 (– 23.0, – 5.4)† – 4.6 (– 13.8, 4.7) 9.6 (– 3.0, 22.3) 0.13
32 weeks 73/12.9 ± 26.5 73/9.86 ± 23.8 – 7.5 (– 18.1, 3.2) – 5.7 (– 15.8, 4.3) 1.7 (– 12.8, 16.2) 0.81

TUG
Baseline 68/10.1 ± 2.8 72/10.8 ±3.6 – – – – 
20 weeks 76/10.2 ± 2.3 79/10.6 ± 2.9 0.4 (– 0.6, 1.3) 0.2 (– 1.0, 1.3) – 0.2 (– 1.7, 1.3) 0.78
32 weeks 73/9.8 ± 2.0 73/9.5 ± 2.2 – 0.2 (– 1.0, 0.6) – 1.5 (– 2.5, – 0.5)† – 1.3 (– 2.5, 0.0) 0.42

40m FPWT
Baseline 68/36.9 ± 8.1 72/40.3 ± 18.5 – – – – 
20 weeks 76/35.8 ± 7.2 79/37.5 ± 9.3 – 0.4 (– 0.6, 1.3) – 2.1 (– 7.5, 3.2) – 1.7 (– 7.7, 4.3) 0.57
32 weeks 73/34.5 ± 6.4 73/34.8 ± 7.8 – 2.1 (– 4.4, 0.2) – 6.3 (– 11.3, 

– 1.3)†
– 4.2 (– 9.7, 1.3) 0.13

Knee strength
Baseline 68/0.9 ± 0.3 72/0.9 ±0.3 – – – – 
20 weeks 76/0.9 ± 0.4 79/0.9 ± 0.5 0.0 (– 0.2, 0.1) 0.0 (– 0.1, 0.2) 0.1 (– 0.1, 0.3) 0.35
32 weeks 73/1.0 ± 0.4 73/1.0 ± 0.5 0.1 (– 0.1, 0.2) 0.1 (0.0, 0.3)† 0.1 (– 0.1, 0.2) 0.43

Depression score
Baseline 77/6.1 ± 6.2 81/6.3 ± 6.8 – – – – 
20 weeks 79/6.3 ± 7.7 85/5.6 ± 6.2 0.3 (– 2.0, 2.6) – 0.3 (– 2.3, 1.6) – 0.7 (– 3.7, 2.3) 0.67
32 weeks 75/5.9 ± 7.2 80/5.7 ± 6.4 – 0.2(– 2.7, 2.3) – 0.8 (– 2.7,1.2) – 0.5 (– 3.7, 2.6) 0.74

Knee alignment
Baseline 68/177.1 ± 4.1 72/177.6 ± 4.2 – – – – 
20 weeks 76/176.4 ± 4.1 79/176.2 ± 3.4 – 1.0 (– 2.3,0.3) – 2.0 (– 3.3, – 0.6)† – 0.9 (– 2.8, 0.9) 0.32
32 weeks 73/176.4 ± 5.0 73/174.6 ± 4.6 – 0.9 (– 2.5, 0.7) – 3.7 (– 5.4, – 2.0)† – 2.8 (– 5.1, – 0.5) 0.02

* Values are the mean (95% confidence interval) unless indicated otherwise. 40m FPWT = 40- meter fast- pace walking test; BMI = body mass 
index; TUG = Timed Up and Go Test. 
† P < 0.05. 
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significant effects found for perceived improvement in our study 
raise an important question about the responsiveness of these 
disease remission criteria. We initially anticipated a disease remis-
sion rate of 45% for the control group and a between- group dif-
ference of 25%. However, the observed rates were much lower: 
26% for the control group and 39% for the stepped- care group. 
The difference of 13% between groups was similar to the 10% 
found in the study by Dougados et al (42). Future studies should 
assess the responsiveness of disease remission as an outcome to 
inform the design of future trials.

At the end of the study, participants in the stepped- care 
group showed a significantly greater improvement in function but 
not in pain when compared to the control group. The first step of 
the intervention promoted significant improvements in pain and 
function. The improvement in function levels was preserved in the 
second step. However, participants’ pain in the maintenance sub-
group got significantly worse between 20 and 32 weeks. As over 
one- half of the participants were allocated to the maintenance 
group, this increase in pain contributed largely to the nonsignifi-
cant change in pain seen between weeks 20 and 32 in the inter-
vention group. It is likely that the participants in the maintenance 
subgroup needed more support and guidance to sustain their 
improvement.

Participants in the stepped- care group had significantly higher 
rates of perceived improvement in comparison to the control group 
(59% versus 41%, respectively). Of those who considered them-
selves much better or moderately better at 32 weeks, most were 
individuals who had already achieved disease remission at 20 
weeks and were allocated to the maintenance group (67%). Less 
than one- half of the participants in each subtreatment group were 
classified as having experienced treatment success. So rather than 
a successful second- step intervention, the perceived improvement 
seems to have been carried out from the first step. It is also of note 
that there was a statistically significant improvement in bone mar-
row lesions in the knee brace subgroup but no improvement in 
quadriceps strength and DASS- 21 scores in the muscle strength-
ening and CBT subgroups, respectively. Beyond the actual treat-
ment response, the stepped- care group might have had higher 
rates of perceived improvement due to the additional attention 
received from the HWFL care support team, the extra study visits, 
and the knowledge of being allocated to the experimental group 
and consequent expectation of getting better from it.

To our knowledge, this is the first published randomized con-
trolled trial investigating the effect of a stepped- care strategy for 
patients with knee OA based on tailored interventions. Besides 
the novelty of the intervention design, study strengths include the 
robust methodologic design and long- term follow- up. We also 
focused on achieving a state of disease remission rather than 
a minimum clinically important improvement.

However, this study has several limitations: 1) We had a 
higher dropout rate in the control group (19%) in comparison to the 
stepped- care group (6%), which might have influenced the results. 

Nevertheless, we were still powered for the main analysis since 
we had the minimum number of participants required (n = 68) in 
each group; so we decided against data imputation; 2) We believe 
that the lack of guidance provided to the participants allocated to 
the maintenance subgroup might have led to the worsening of 
symptoms observed during the second step of the intervention; 3) 
We did not assess treatment adherence, compliance, and fidelity; 
therefore, we were unable to determine if the intervention was not 
successful due to treatment nonadherence, noncompliance with 
study procedures, intervention not delivered as it was supposed 
to be delivered, or lack of effect; 4) The sample size in each sub-
treatment group was small, and we were not powered to identify 
a difference in outcomes between subgroups; 5) Participants in 
the muscle strengthening group were allocated to this subgroup 
when they did not meet the criteria for CBT or knee bracing, as 
opposed to having muscle weakness; 6) We overestimated the 
disease remission rate in both intervention and control groups, 
impacting on the sample size calculation; 7) We have not con-
ducted a cost- effectiveness analysis that would have assisted us 
in the decision to potentially implement a stepped- care approach. 
The external validity is presented in Supplementary Appendix A, 
available on the Arthritis Care & Research website at http://onlin 
elibr ary.wiley.com/doi/10.1002/acr.24148/ abstract.

In conclusion, this study showed that the proposed stepped- 
care intervention did not promote a statistically or clinically signifi-
cant difference in rates of disease remission in comparison to the 
control group for individuals with medial tibiofemoral OA who were 
overweight or obese. Future research should consider improving 
the design of the second step of the treatment.
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Community Deprivation Index and Discharge Destination 
After Elective Hip Replacement
Bella Mehta,1  Susan Goodman,1  Kaylee Ho,2 Michael Parks,1 and Said A. Ibrahim2

Objective. To examine how the deprivation level of the community in which one lives influences discharge 
disposition and the odds of 90- day readmission after elective total hip arthroplasty (THA).

Methods. We performed a retrospective cohort study on 84,931 patients who underwent elective THA in the 
Pennsylvania Health Care Cost Containment Council database from 2012 to 2016. We used adjusted binary logistic 
regression models to test the association between community Area Deprivation Index (ADI) level and patient discharge 
destination as well as 90- day readmission. We included an interaction term for community ADI level and patient race 
in our models to assess the simultaneous effect of both on the outcomes.

Results. After adjusting for patient-  and facility- level characteristics, we found that patients from high ADI level 
communities (most disadvantaged), compared to patients from low ADI level communities (least disadvantaged), 
were more likely to be discharged to an institution as opposed to home for postoperative care and rehabilitation (age 
<65 years adjusted odds ratio [ORadj] 1.47; age ≥65 years ORadj 1.31; both P < 0.001). The interaction effect of patient 
race and ADI level on discharge destination was statistically significant in those patients age ≥65 years, but not in 
patients age <65 years. The association with ADI level on 90- day readmission was not statistically significant.

Conclusion. In this statewide sample of patients who underwent elective THA, the level of deprivation of the 
community in which patients reside influences their discharge disposition, but not their odds of 90- day readmission 
to an acute- care facility.

INTRODUCTION

Hip osteoarthritis (OA) is a leading cause of chronic pain and 
disability in the elderly worldwide (1,2), and its incidence is increas-
ing even in younger populations (3). Elective total hip arthroplasty 
(THA) is an effective treatment option for advanced hip OA and 
one of the fastest growing procedures in the US. By 2030, THA 
utilization in the US is projected to grow to 572,000 procedures 
per year (4).

Numerous studies demonstrate marked variations in the use, 
outcomes, and costs of elective THA. Besides racial and ethnic 
disparities in utilization and outcomes of THA (5– 8), geographic 
variations in utilization are also documented (9). There is evidence 
that social determinants of health such as socioeconomic status 
(SES) may influence joint replacement utilization and outcomes 
(10– 12). Social determinants of health are the economic and 
social conditions that influence individual and group differences 
in health status (13). There are also substantial variations in THA 

costs, and postdischarge costs represent a sizeable portion of 
these costs (14).

The reasons for variations in THA utilization, outcomes, and 
costs are multiple, complex, and compounded by substantial 
variation in post- THA discharge disposition. These include clini-
cal and social factors, patient preference, primary insurance sta-
tus, reimbursement policy, and bundled payments, among many 
others. Postdischarge costs after THA have been frequently 
ignored despite being a considerable portion of the total episode 
payment and having significant variation (15,16). THA patients 
are typically discharged to 1 of 4 settings for postoperative and 
rehabilitative care: a skilled nursing facility, an inpatient reha-
bilitation facility, at home with home care services, or at home 
without home care services. This discharge decision is a leading 
source of cost variation in THA (17,18). As a result, the Centers 
for Medicare and Medicaid Services have targeted THA for pay-
ment reform models such as bundled payments to reduce this 
variation.
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In a previous analysis, we found significant variation in post- 
THA discharge disposition by patient race (19). There is increasing 
evidence that social determinants of health, including community 
characteristics, might independently impact health care utiliza-
tion and decision- making (20,21). However, little is known about 
the relationship between community SES, which is an impor-
tant measure in other health outcomes (22), with post- THA dis-
charge disposition and patient outcomes.

Therefore, the primary objective of this analysis was to deter-
mine whether there is an association between the SES of the com-
munity in which patients reside and their discharge disposition for 
postoperative care and rehabilitation after elective THA. Our pri-
mary hypothesis was that compared to patients from affluent com-
munities, those from impoverished communities are more likely to 
be institutionalized for postoperative care and rehabilitation.

MATERIALS AND METHODS

Sample. We performed a retrospective cohort study of all 
eligible THA cases in the Pennsylvania Health Care Cost Contain-
ment Council (PHC4) database from 2012 to 2016. PHC4 is an 
independent state agency formed under Pennsylvania statute to 
address increasing health care costs. Each year, PHC4 collects 
deidentified patient demographic data, diagnostic and proce-
dural codes, discharge disposition, and outcomes and cost data 
for >4.5 million procedures performed in 170 nongovernmental 
inpatient, ambulatory, and freestanding surgery centers located 
in Pennsylvania. We identified all PHC4 patients who underwent 
elective primary THA using the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD- 9- CM) proce-
dure code 81.51 for primary THA from January 1, 2012 through 

September 30, 2015, and ICD- 10 procedure codes 0SR90xx or 
0SRB0xx thereafter. These are validated codes from the American 
Joint Replacement Registry, with a sensitivity of 99%, specificity 
of 91%, and positive predictive value of 91% (23,24). The study 
cohort and methodology were previously described in detail (25).

From 99,171 THA records in PHC4, we included 84,931 
elective THA procedures performed in the state of Pennsylvania 
from January 1, 2012 through December 31, 2016. We excluded 
14,240 procedures performed on patients who: 1) lived in coun-
ties outside the state or had missing county data (n = 7,179); 2) 
had missing race data or race other than African American or White 
(n = 3,526); 3) lived in a zip code with unknown Area Deprivation 
Index (ADI) values (n = 1,383); 4) were transferred to another acute- 
care facility or other atypical discharge destination (n = 1,029); 5) 
underwent bilateral hip replacements (n = 928) or hip replacement 
and revision during the same hospitalization (n = 104); 6) were age 
<18 years (n = 54); 7) had missing primary insurance data (n = 28); 
8) had >2 previous hip replacements (n = 8); or 9) died prior to 
hospital discharge (n = 1) (Figure 1).

Study variables. Exposure variable. Our primary exposure 
variable was the ADI level, a validated measure of neighborhood 
socioeconomic disadvantage (26,27). Previous studies assessed 
neighborhood SES based on average household income in a 
specific community, but could not identify households above the 
specified income levels that experience poverty- level standards of 
living, or households below the specified income level that have 
above- poverty standards of living (28). The ADI encompasses the 
theoretical domains of income, education, employment, and hous-
ing quality, thus providing a more finely tuned assessment of the 
standard of living at the household level. The ADI that we used for 
our analyses was constructed using 2013 American Community 
Survey (ACS) 5- year estimates, representing a 5- year average of 
ACS data obtained from 2008 to 2013.

ADI levels are ranked in deciles from 1 to 10 for each individ-
ual state. An ADI value of 1 is the lowest ADI level (least disadvan-
taged) and 10 is the highest ADI level (most disadvantaged). Each 
9- digit zip code in Pennsylvania has an ADI ranking. To integrate 
ADI data for our study cohort, we calculated a single ADI value 
for each 5- digit zip code in Pennsylvania by averaging all 9- digit 
zip code ADI values within their respective 5- digit zip code areas 
(22). Once the 5- digit zip code level indices were constructed and 
linked to the PHC4 data set, we further categorized each index 
into 3 ordinal groups for regression analyses: low (within the lower 
quartile [25th percentile]), middle (within quartiles 2 and 3), and high 
disadvantaged groups (within the upper quartile [75th percentile]).

Outcome measures. Our primary outcome of interest was 
discharge disposition following elective THA surgery. We di-
chotomized discharge to home (home with home health care or 
home with self- care) and institution (inpatient rehabilitation facility 
or skilled nursing facility). In all analyses, discharge to home was 
used as the reference category. We also examined the odds of 

SIGNIFICANCE & INNOVATIONS
• Studies have shown that individual- level factors 

such as race influence discharge destination and 
the risk of 90- day readmissions after elective hip 
replacement surgery. This analysis broadens the 
evaluation by examining how community- level 
 social determinants of health such as Area Depriva-
tion Index (ADI) level impact surgical care.

• We found that patients from highly deprived com-
munities, as measured by ADI, were more likely to 
be discharged to an institution rather than home 
for postoperative care and rehabilitation after elec-
tive total hip arthroplasty. However, we found no 
statistically significant difference in 90- day read-
mission based on patient community ADI level.

• The study is innovative because it expands our un-
derstanding of the relationships between markers 
of social vulnerability and health care use and out-
comes. This information is needed to help design 
socially informed health care policies to improve 
quality and outcomes.
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90- day readmission to an acute- care hospital as our second-
ary outcome of interest. The data set captures all Pennsylvania- 
based readmissions within 90 days after the primary procedure.

Study covariates. We extracted data for important covar-
iates such as race, age, sex, primary health insurance (com-
mercial, Medicaid, Medicare or other government- sponsored 
program, and uninsured), and clinical-  and facility- level variables 
from PHC4. We incorporated 2 facility- level variables (metro area 
status and volume of THA procedures) to characterize the facil-
ities where the patients underwent THA. We used the 2013 US 
Department of Agriculture’s Rural- Urban Continuum Codes to 
assign the metro area status to each hospital (29). Hospital THA 
procedure volume was categorized into 3 ordinal groups based 
on the number of procedures performed annually (<100, 100– 
199, and ≥200). In- hospital postoperative complications, includ-
ing myocardial infarction, prosthetic device complication, surgical 
wound infection, and venous thromboembolism, were identified 

using ICD- 9/10 codes (see Supplementary Table 1, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24145/ abstract). Lastly, medical comor-
bidities were identified using the Quan adaptation of the Elix-
hauser Comorbidity Index (30,31). The same covariates from 
the primary outcome analysis were included in the multivariable 
logistic models for 90- day readmission. The study methods and 
results are described in accordance with the Strengthening of 
Reporting in Observational Studies in Epidemiology guideline for 
cohort studies (32). The study was deemed exempt from institu-
tional review board review by Weill Cornell Medicine.

Statistical analysis. We compared patient and facility 
characteristics, along with complications, by ADI levels (low, mid-
dle, high) separately for patients age <65 years, and those age 
≥65 years. We did so because at the age of 65, a lot of patients 
qualify for Medicare insurance and thus account for assessment 

Figure 1. Sample flow chart and cohort selection. PHC4 = Pennsylvania Health Care Cost Containment Council. Color figure can be viewed 
in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.24145/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24145/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24145/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24145/abstract


MEHTA ET AL 534       |

differences. We used generalized estimating equations (GEEs) to 
test the association between ADI level and discharge disposition, 
accounting for clustering by facility. The adjusted model accounts 
for the following covariates: patient age, sex, primary insurance, 
Elixhauser Comorbidity Index (a widely used measure of baseline 
comorbidity), in- hospital surgical complications and facility metro 
status, and volume of cases. Odds ratios of being discharged 
to an institution given a high ADI value, compared to patients 
with a low ADI value (reference category), for unadjusted and 
adjusted models were estimated. The interaction effect of race 
and ADI level was also estimated in separate models.

We also used GEEs to test the association between ADI level 
and 90- day readmissions, accounting for clustering by hospital 
facility. The covariates included in the adjusted model are the same 
as those included in the primary outcome analysis, along with 

discharge disposition (institution versus home). The interaction 
effect of race and ADI level was also estimated in separate models. 
Data management and analyses were conducted using R.3.5.1 
in RStudio, version 1.1.463. Geocoded data were mapped and 
generated using ArcGIS Pro software, version 2.3.0.

RESULTS

Study sample characteristics. Table 1 summarizes base-
line demographic and clinical characteristics of the cohort (84,931 
THA cases) stratified by age group and ADI level. The 2 age groups 
were <65 years (n = 40,304) and ≥65 years (n = 44,627). In the 
younger age group, 6,882 patients (17.1%) came from high ADI 
level communities, 18,741 (46.5%) from middle ADI level commu-
nities, and 14,681 (36.4%) from low ADI level communities. The 

Table 1. Baseline  characteristics and complications by Area Deprivation Index (ADI) level and age group (n = 84,931)*

Variable

Age <65 years
(n = 40,304)

Age ≥65 years
(n = 44,627)

Low ADI
(n = 14,681)

Middle ADI
(n = 18,741)

High ADI
(n = 6,882) P

Low ADI
(n = 17,452)

Middle ADI
(n = 21,001)

High ADI
(n = 6,174) P

Patient characteristics – – 
Female 6,808 (46.4) 8,867 (47.3) 3,295 (47.9) – 10,568 (60.6) 12,928 (61.6) 3,981 (64.5) †
Race † †

White 14,126 (96.2) 17,341 (92.5) 4,917 (71.4) – 17,082 (97.9) 20,290 (96.6) 5,223 (84.6) – 
African American 555 (3.78) 1,400 (7.47) 1,965 (28.6) – 370 (2.12) 711 (3.39) 951 (15.4) – 

Discharge destination † †
Home or home with 

health care
13,230 (90.1) 16,308 (87.0) 5,340 (77.6) – 11,253 (64.5) 12,886 (61.4) 3,446 (55.8) – 

Institution 1,451 (9.88) 2,433 (13.0) 1,542 (22.4) – 6,199 (35.5) 8,115 (38.6) 2,728 (44.2) – 
Primary insurance † †

Other 130 (0.89) 193 (1.03) 43 (0.62) – 96 (0.55) 109 (0.52) 20 (0.32) – 
Medicare 1,057 (7.20) 2,332 (12.4) 1,278 (18.6) – 15,026 (86.1) 18,643 (88.8) 5,550 (89.9) – 
Medicaid 698 (4.75) 1,696 (9.05) 1,463 (21.3) – 18 (0.10) 38 (0.18) 37 (0.60) – 
Commercial 12,638 (86.1) 14,299 (76.3) 4,036 (58.6) – 2,292 (13.1) 2,168 (10.3) 552 (8.94) – 
Government 158 (1.08) 221 (1.18) 62 (0.90) – 20 (0.11) 43 (0.20) 15 (0.24) – 

Elixhauser index‡ † †
0 2,820 (19.2) 3,295 (17.6) 1,109 (16.1) – 3,172 (18.2) 3,428 (16.3) 1,029 (16.7) – 
1– 4 10,914 (74.3) 14,247 (76.0) 5,346 (77.7) – 13,230 (75.8) 16,224 (77.3) 4,757 (77.0) – 
≥5 947 (6.45) 1,199 (6.40) 427 (6.20) – 1,050 (6.02) 1,349 (6.42) 388 (6.28) – 

Facility characteristics † †
Metro area 14,662 (99.9) 17,469 (93.2) 6,004 (87.2) – 17,424 (99.8) 19,253 (91.7) 5,125 (83.0) – 
Volume of cases by 

facility
† †

<100/year 1,735 (11.8) 3,113 (16.6) 1,460 (21.2) – 2,122 (12.2) 3,954 (18.8) 1,356 (22.0) – 
100– 199/year 3,570 (24.3) 4,372 (23.3) 1,832 (26.6) – 4,865 (27.9) 5,199 (24.8) 1,888 (30.6) – 
≥200/year 9,376 (63.9) 11,256 (60.1) 3,590 (52.2) – 10,465 (60.0) 11,848 (56.4) 2,930 (47.5) – 

Complications – – 
90- day readmission 1,038 (7.07) 1,641 (8.76) 743 (10.8) – 1,922 (11.0) 2,443 (11.6) 821 (13.3) – 
Myocardial infarction 7 (0.05) 9 (0.05) 4 (0.06) – 40 (0.23) 62 (0.30) 18 (0.29) – 
Prosthetic device 

complication
22 (0.15) 28 (0.15) 18 (0.26) – 36 (0.21) 42 (0.20) 16 (0.26) – 

Surgical wound infection 7 (0.05) 9 (0.05) 2 (0.03) – 9 (0.05) 3 (0.01) 1 (0.02) – 
Venous 

thromboembolism
6 (0.04) 3 (0.02) 3 (0.04) – 22 (0.13) 29 (0.14) 11 (0.18) – 

* Values are the number (%). Variables were compared by ADI for each age group (age <65 and ≥65 years) using Pearson’s chi- square test or 
Fisher’s exact test, as appropriate. 
† P < 0.001. 
‡ Clinical comorbidities were identified based on coding algorithms developed by Quan and colleagues (enhanced Elixhauser version) (30,31), 
using either International Classification of Diseases (ICD), Ninth Revision, Clinical Modification or ICD- 10 codes, as appropriate. The Elixhauser 
comorbidity index score is calculated based on the cumulative number of comorbidity conditions. 
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distribution for high, middle, and low ADI level among patients 
age ≥65 years was 6,174 (13.8%), 21,001 (47.1%), and 17,452 
(39.1%), respectively.

Among younger patients (age <65 years), low ADI level com-
munities had only 3.78% African Americans, whereas high ADI 
level communities had 28.6% African Americans; 7.2% of those 
living in low ADI level communities and 18.6% of those in high ADI 
level communities relied on Medicare, whereas 86.1% of low ADI 
level and 58.6% of high ADI level community patients had com-
mercial insurance. Similarly, among older patients (age ≥65 years), 
the proportion of African American patients was higher in more 
deprived communities compared to less deprived communities 
(15.4% versus 2.12%); 86.1% low ADI level and 89.9% high ADI 
level community patients relied on Medicare, whereas 13.1% of 
low ADI level and 8.94% of high ADI level community patients 
relied on commercial insurance. There were no significant differ-
ences in postoperative complication rates between patients from 
all 3 ADI groups, irrespective of the age group. Figure 2 shows the 
geospatial localization and relationship of THA patients in Pennsyl-
vania with respect to different community ADI levels. Higher pro-
portions of African Americans were seen in high ADI level areas.

Characteristics by discharge destination: <65 years 
versus ≥65 years. Demographic and clinical characteristics 
by discharge destination are described in Table 2. Among those 
patients age <65 years, 5,426 (13.4%) were discharged to an 

institution, whereas 34,878 (86.5%) were discharged to home. 
Among patients age ≥65 years, 17,042 (38.2%) were discharged 
to an institution and 27,585 (61.8%) were discharged to home. 
Among the younger patients, African Americans were more likely 
to be discharged to an institution (n = 1,255 [32%]) compared to 
Whites (n = 4,171 [11.5%]). Similarly, among the older patients, a 
higher proportion of African Americans (6.34%) were discharged 
to an institution compared to home, with White patients again 
being largely discharged to home (96.5%). Among the younger 
group, 19.6% relied on Medicaid who were discharged to an insti-
tution compared to 8.01% who were discharged to home. Among 
those in the older age group, 92.1% of patients discharged to 
an institution relied on Medicare compared to 85.2% who were 
discharged to home. Of the patients who were discharged to an 
institution, 51.2% of the <65 years group and 7.05% of the ≥65 
years group relied on commercial insurance.

Community ADI level and discharge destination. 
Compared to low ADI level, patients from high ADI level com-
munities were more likely to be discharged to an institution 
(age <65 years adjusted odds ratio [ORadj] 1.47 [95% con-
fidence interval (95% CI) 1.34– 1.61]; age ≥65 years ORadj 
1.31 [95% CI 1.22– 1.41]). This relationship was significant 
even after adjusting for patient-  and facility- level confound-
ers (Figure 3). To assess whether patient race modifies this 
relationship between neighborhood ADI level and discharge 

Figure 2. Pennsylvania community- level Area Deprivation Index data with individual total hip replacement (THR) patient discharge destination, 
showing adjusted relative risk ratios of referral to varying discharge locations in African American patients with total hip arthroplasty (versus 
White patients) in 2 age groups.
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destination, we estimated the odds of discharge destination 
and included an interaction term for ADI level and race. The 
effect of race on the relationship of ADI level and discharge 

destination was not significant in patients age <65 years, but 
it was significant in the older group (ORadj 1.34 [95% CI 1.01– 
1.77]; P < 0.05).

Table 2. Baseline characteristics and outcomes by discharge destination and age group (n = 84,931)*

Variable

Age <65 years
(n = 40,304)

dAge ≥65 years
(n = 44,627)

Home or HH
(n = 34,878)

Institution
(n = 5,426) P

Home or HH
(n = 27,585)

Institution
(n = 17,042) P

ADI † †
Low 13,230 (37.9) 1,451 (26.7) – 11,253 (40.8) 6,199 (36.4) – 
Middle 16,308 (46.8) 2,433 (44.8) – 12,886 (46.7) 8,115 (47.6) – 
High 5,340 (15.3) 1,542 (28.4) – 3,446 (12.5) 2,728 (16.0) – 

Female 15,875 (45.5) 3,095 (57.0) † 15,532 (56.3) 11,945 (70.1) †
Race † †

White 32,213 (92.4) 4,171 (76.9) – 26,633 (96.5) 15,962 (93.7) – 
African American 2,665 (7.64) 1,255 (23.1) – 952 (3.45) 1,080 (6.34) – 

Primary insurance † †
Other 332 (0.95) 34 (0.63) – 178 (0.65) 47 (0.28) – 
Medicare 3,155 (9.05) 1,512 (27.9) – 23,516 (85.2) 15,703 (92.1) – 
Medicaid 2,792 (8.01) 1,065 (19.6) – 37 (0.13) 56 (0.33) – 
Commercial 28,197 (80.8) 2,776 (51.2) – 3,810 (13.8) 1,202 (7.05) – 
Government 402 (1.15) 39 (0.72) – 44 (0.16) 34 (0.20) – 

Metro area 32,995 (94.6) 5,140 (94.7) – 25,845 (93.7) 15,957 (93.6) – 
Volume of cases by facility † †

<100/year 4,885 (14.0) 1,423 (26.2) – 3,671 (13.3) 3,761 (22.1) – 
100– 199/year 8,396 (24.1) 1,378 (25.4) – 7,262 (26.3) 4,690 (27.5) – 
≥200/year 21,597 (61.9) 2,625 (48.4) – 16,652 (60.4) 8,591 (50.4) – 

90- day readmission 2,463 (7.06) 959 (17.7) † 2,160 (7.83) 3,026 (17.8) †
Elixhauser index‡ – – 

0 6,297 (18.1) 927 (17.1) – 4,719 (17.1) 2,910 (17.1) – 
1– 4 26,363 (75.6) 4,144 (76.4) – 21,114 (76.5) 13,097 (76.9) – 
≥5 2,218 (6.36) 355 (6.54) – 1,752 (6.35) 1,035 (6.07) – 

Postoperative myocardial 
infarction

12 (0.03) 8 (0.15) † 31 (0.11) 89 (0.52) †

Prosthetic device 
complication

39 (0.11) 29 (0.53) † 29 (0.11) 65 (0.38) †

Surgical wound infection 12 (0.03) 6 (0.11) § 6 (0.02) 7 (0.04) – 
Venous thromboembolism 6 (0.02) 6 (0.11) † 16 (0.06) 46 (0.27) †

* Values are the number (%). Variables are compared by discharge destination for each age group (age <65 and ≥65 years) 
using Pearson’s chi- square test or Fisher’s exact test, as appropriate. ADI = Area Deprivation Index; HH = home with home 
health care. 
† P < 0.001. 
‡ Clinical comorbidities were identified based on coding algorithms developed by Quan and colleagues (enhanced 
Elixhauser version) (30,31), using either the International Classification of Diseases (ICD), Ninth Revision, Clinical 
Modification or the ICD- 10 coding system, as appropriate. The Elixhauser comorbidity index score is calculated based on 
the cumulative number of comorbidity conditions. 
§ P < 0.01. 

Figure 3. Adjusted odds ratio of being discharged to an institution versus home for patients living in high Area Deprivation Index (ADI) level 
communities versus low ADI level (affluent). All generalized estimating equations models account for clustering by facility. Adjusted covariates for 
analysis included patient sex, age, insurance, facility metro status, facility volume of cases, Elixhauser index, and surgical complications (venous 
thromboembolism, prosthetic device complications, myocardial infarction, and wound infections).
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Community ADI level and 90- day readmission. In 
examining the association between community ADI level and 90- 
day readmission rates to an acute- care facility, we found no sta-
tistically significant differences for those living in high versus low 
ADI level communities, regardless of the age group (<65 years, 
P = 0.73; ≥65 years, P = 0.97). The interaction of race and ADI 
level on 90- day readmission was also not statistically significant.

DISCUSSION

In this sample of >84,000 patients who underwent elective 
THA in the state of Pennsylvania between 2012 and 2016, we 
found that patients from low ADI level communities were more 
likely to be discharged to an institution for postoperative care and 
rehabilitation. This relationship was accentuated by African Ameri-
can race in patients age ≥65 years. These findings were significant 
even after controlling for patient demographics, comorbidities, 
and postoperative complications, as well as facility- level charac-
teristics. However, community deprivation did not affect the odds 
of 90- day readmission to an acute- care hospital.

Others have examined how socioeconomic factors may influ-
ence elective joint arthroplasty access, utilization, and outcomes 
(33). However, there is relatively less research on social factors 
that influence postsurgical discharge planning. A few studies 
suggest a relationship between race/ethnicity and postoperative 
discharge destination (19,34). For instance, African Americans 
have been reported to have higher likelihood of discharge to an 
institution rather than home (19). Another study found minority 
patients to be more likely than White patients to be discharged to 
an institution postoperatively (35). In a larger study using California 
statewide data (n = 14,326), race, primary insurance, and comor-
bidity were the main factors driving patients’ likelihood of being 
discharged to an institution (34).

However, whether race is the only social factor that influ-
ences discharge destination after elective THA is not clear. 
One study previously examined the relationship of SES and 
discharge destination using household income on a commu-
nity level. However, that study measured SES as a community- 
level measure of median household income for each zip code. 
Using methods similar to ours and dividing SES indicators into 
quartiles, the researchers found that patients coming from com-
munities with worse SES had a 26% higher likelihood of dis-
charge to an institution compared to those from more affluent 
communities (36).

Using a more robust measure of community- level SES (i.e., 
ADI level) and a much larger data set spanning multiple years, our 
analysis confirms the influence of community- level SES on dis-
charge destination in patients who undergo elective THA. Even 
though there was a higher proportion of African Americans in high 
ADI level communities, we found that patient race has an additive 
effect on discharge to an institution only in patients who are age 
≥65 years, many of whom rely on Medicare insurance.

Our findings add to the literature that not only race but also 
socioeconomic factors of the community determine the discharge 
destination. Previous studies have shown that early discharge 
to home is associated with reduced costs, improved clinical 
 outcomes, and increased patient satisfaction (35,36). Given the 
growing demand for THA and the costs associated with discharge 
to an institution after elective joint replacement surgery, under-
standing the nonclinical factors that influence this decision is impor-
tant. To our knowledge, this is one of the first large- scale analyses 
demonstrating that neighborhood SES may have implications for 
post- THA discharge decision- making. This information is particu-
larly timely given the emergent payment reform policies such as 
bundle payments that target postoperative care and rehabilitation.

Possible explanations for our findings that community- level 
factors such as SES may influence the decision for discharge 
destination are multifactorial. These include patient preferences, 
family support (impoverished patients are known to have lesser 
family support), the health care system/physician preferences, 
and community resources available (for example, accessible 
streets, sidewalks, walkways, elevators, primary- care physicians, 
and urgent care centers), all of which may factor into the deci-
sion to discharge to an institution versus home or even affect 
90- day readmissions. Also, there is evidence that SES influences 
90- day readmissions in other diseases and procedures (37,38). 
Community- level factors play a huge role in health care delivery 
and access, especially in deprived communities. For patients from 
low SES communities, institutional postoperative and rehabilitative 
care might present as a presumed safer option in clinical decision- 
making. That patient race has an additive effect on the relationship 
between community- level ADI and discharge to a facility is not 
surprising; after all, on average many more minority patients reside 
in deprived communities. What is not clear is why this relationship 
is not apparent in patients who are age <65 years. Perhaps plac-
ing Medicare- insured minority patients into skilled nursing facilities 
or inpatient rehabilitation facilities is easier. On the positive side, it 
is reassuring that even though community deprivation level influ-
ences discharge destination, deprivation level is not associated 
with the risk of 90- day readmission to an acute- care hospital.

There are important limitations to consider in interpreting 
our results. First, we used an administrative data set that lacks 
granular information on potentially important confounders such 
as body mass index. In other words, the comorbidity index we 
used may not fully capture the universe of comorbidities that could 
influence discharge decision- making. Second, we do not have 
data on patient preference for discharge destination. Third, we 
have no data on the level of social support and care continuity 
that exists in these communities. The ADI provides some insight 
into community- level factors but does not indicate what support 
resources exist within a community. Fourth, we lack individual- 
level SES measures that may cause residual confounding. 
Since most clinical information systems and registries are currently 
unable to capture accurate individual- level SES, a proxy measure 
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ADI was created to capture patient- level social risk factors. The 
ADI was developed based on census data and is validated in a 
number of conditions. Community- level ADI is used to inform pol-
icy in other studies and helps us assess how the neighborhood 
of residence effects health care outcomes such as ours (39). Fifth, 
we studied only patients with primary elective THA in Pennsylva-
nia; thus our results may not be generalizable to other states or 
regions. Lastly, the ADI has the same limitations as the US Census 
Bureau data from which it is derived, including limited accounting 
for undocumented immigrant populations. However, we used the 
updated index, which is validated for a range of health outcomes 
and disease domains for use at the neighborhood level (40,41).

In summary, in this large- scale study of >84,000 patients who 
underwent primary THA across 170 Pennsylvania hospitals, we 
found that patients from less affluent neighborhoods were more 
likely to be discharged to institutions (i.e., inpatient rehabilitation 
facilities and skilled nursing facilities) than home. We also found 
that community ADI level was not associated with a risk of 90- day 
readmission to an acute- care facility following elective THA. Future 
studies should examine which community- level factors shape 
this relationship and how they could be modified to allow more 
patients to go home after elective THA.
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Impact of Diabetes Mellitus on Knee Osteoarthritis 
Pain and Physical and Mental Status: Data From the 
Osteoarthritis Initiative
Annett Eitner,1  Adam G. Culvenor,2 Wolfgang Wirth,3 Hans- Georg Schaible,1  and Felix Eckstein3

Objective. Diabetes mellitus (DM) appears to increase osteoarthritic knee pain, which may be related to greater 
adiposity and more advanced disease status often observed in individuals with osteoarthritis (OA) and DM. We aimed 
to assess whether OA knee pain and health status are worse in individuals with OA and DM, independent of these 
potential confounders.

Methods. We included 202 OA participants with DM and 2,279 without DM from the Osteoarthritis Initiative. 
Knee pain was evaluated using the Knee Injury and Osteoarthritis Outcome Score (KOOS) and a numeric rating 
scale (NRS). Physical and mental status were assessed by the Medical Outcomes Study Short Form 12 (SF- 12) 
questionnaire, physical component summary (PCS) score and mental component summary (MCS) score, and by the 
Center for Epidemiologic Studies Depression Scale (CES- D). Linear regression models assessed the influence of DM, 
adjusted for age, sex, body mass index (BMI), and radiographic severity.

Results. OA participants with DM reported worse knee pain and greater physical and mental issues compared 
with participants without DM. Individuals with DM had worse KOOS pain (β = – 4.72 [95% confidence interval (95% 
CI) – 7.22, – 2.23]) and worse NRS pain (β = 0.42 [95% CI 0.04, 0.80]) independent of BMI, OA severity, age, and sex. 
The negative influence of DM was also apparent for SF- 12 PCS (β = – 3.49 [95% CI – 4.73, – 2.25]), SF- 12 MCS (β = 
– 1.42 [95% CI – 2.57, – 0.26]), and CES- D (β = 1.08 [95% CI 0.08, 2.08]).

Conclusion. Individuals with knee OA experience on average higher pain intensity and a worse physical and 
mental health status if they have DM. Linear regression models show that DM is a risk factor for higher pain, in 
addition to and independent of greater BMI and radiographic OA severity.

INTRODUCTION

Individuals with diabetes mellitus (DM) have greater rates of 
incident and progressive osteoarthritis (OA) compared with con-
trols without DM (1– 4). An increased risk for OA in patients with 
DM was found for knee and hand OA, moreso than for hip OA (3). 
DM has also been linked with higher rates of joint replacement, 

particularly at a younger age (5,6). Although the mechanisms driv-
ing the higher rates of incident and progressive OA in individu-
als with DM are unknown, epidemiologic and experimental data 
have strengthened the concept of a DM- induced OA phenotype 
(7,8), assuming that hyperglycemia toxicity is an important trigger 
of joint degradation. However, although there is much evidence 
for a role of metabolic factors in the development of OA (9), the 
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importance of such factors is still disputed, e.g., by the authors of 
the prospective longitudinal Framingham study (10). In the latter 
study on ~1,000 patients with OA, almost all associations became 
weak and nonsignificant after adjustment for body mass index 
(BMI) (10).

Pain intensity is also higher in OA joints of individuals with DM 
(6,11– 13). This elevated pain intensity has been linked to enhanced 
synovitis and increased interleukin (IL)- 6 in the synovial fluid pres-
ent in individuals with OA and DM (6,12). Indeed, DM is asso-
ciated with systemic low- grade inflammation, increased serum 
levels of C- reactive protein, IL- 6, and tumor necrosis factor (TNF) 
(14). In several organs, DM can lead to microvascular alterations 
and dysfunction of endothelial mitochondria, as well as stimulation 
of the production of reactive oxygen species and advanced glyco-
sylated end products (15,16). These cellular alterations in synovial 
joints can potentially induce enhanced local inflammation of artic-
ular tissue and worsen OA pathogenesis and pain. In addition, DM 
can potentially influence peripheral and central pain mechanisms 
via induction of peripheral neuropathy and central sensitization or 
changes in brain activities (17). Psychological and socioeconomic 
factors also have an impact on OA pain (18,19).

Important aspects to be considered in the context of greater 
OA- related pain in patients with DM are the potentially greater 
BMI and radiographic progression in patients with OA and DM 
(4,6,12). Obesity represents an independent risk factor of incident 
OA (20) that is not only based on greater mechanical stress on 
weight- bearing joints, but also on the release of proinflamma-
tory cytokines by adipose tissue that may contribute to struc-
tural pathology (21). Beyond that fact, obesity and radiographic 
OA severity are often related to OA pain (22– 24). Since OA pain 
intensity is not always aligned with radiographic severity (25), the 
source of pain is difficult to identify. Hence, it is currently unclear 
whether the greater pain sensation reported by individuals with 
OA and DM (6,11– 13) is due to greater BMI and radiographic OA 
severity of patients with DM, or whether DM induces a particular 
phenotype of OA, in which other pain mechanisms are in play.

Given that previous studies of the relationship between DM 
and OA pain were of moderate sample size only and did not 

adjust for radiographic OA severity (6,11– 13), the current study 
used a large observational cohort to test the hypothesis that OA 
pain sensation in individuals with DM is stronger than in controls 
without DM, independently of BMI and radiographic disease sta-
tus. Further, we explored the extent to which other measures of 
physical and mental health status differ between individuals with 
and without DM, independent of these confounders.

PATIENTS AND METHODS

Study design. The current study used data from the public 
Osteoarthritis Initiative (OAI) database. The OAI is a longitudinal 
cohort study of individuals with or at increased risk of symptom-
atic radiographic knee OA. A description of the cohort study 
design, the inclusion and exclusion criteria of participants, and an 
overview of collected and measured data are available at https://
data- archi ve.nimh.nih.gov/oai/. The OAI study was conducted in 
compliance with the ethical principles derived from the Declaration 
of Helsinki and was approved by the local ethics committees at 
the 4 clinical OAI centers in the US. Written informed consent was 
obtained in those centers.

A total of 4,796 participants ages 45– 79 years were recruited 
at the 4 clinical OAI centers. The baseline data of the OAI were used 
for the current cross- sectional study. OAI participants with a pos-
sible history of rheumatoid arthritis, inflammatory arthritis, or poly-
myalgia rheumatic and with prior total knee replacement surgery 
were excluded from the current analysis. Based on a self- reported 
diagnosis of prior DM, participants were grouped into the status of 
having DM or not having DM. Individuals with  missing information 
and those with a new diagnosis of DM during OAI follow- up were 
excluded. Similar approaches to selecting  participants with DM 
from the OAI have been used in analyses of cartilage degenera-
tion (26). The knee with the greater baseline symptom status was 
selected for the current analysis, using the frequency of pain, ach-
ing, or stiffness reported in or around the knee for at least 1 month 
during the past 12 months and using the pain severity over the 
last month rated on a numeric rating scale (NRS). When 1 knee 
had more frequent pain and the contralateral knee more severe 
pain, the knee with the greater pain frequency was chosen. In 
participants with identical pain frequency in both knees, the right 
knee was selected for analysis. Participants with missing baseline 
symptom status and missing structural severity score were also 
excluded (Figure 1). Additionally, OAI participants with no radio-
graphic findings of OA in the selected knee (Kellgren/Lawrence 
grade 0) were excluded.

Study variables. Knee pain. The 5 domains of the reli-
able and valid Knee Injury and Osteoarthritis Outcome Score 
(KOOS) were completed by each participant (27). Knee pain 
was assessed with the KOOS pain subscale (0 = worst pain, 
100 = no pain), encompassing knee pain during various activities 
(e.g., walking, stair climbing, standing, lying) over the previous 

SIGNIFICANCE & INNOVATIONS
• For the first time, we demonstrate, in a large cohort 

of 2,481 participants with osteoarthritis, the strong 
impact of diabetes mellitus on osteoarthritis pain 
and physical and mental health status.

• The impact of diabetes mellitus was independent of 
osteoarthritis severity, body mass index, age, and 
sex. Thus, the results indicate that diabetes mellitus 
is an independent factor of greater osteoarthritis 
pain and worse health status.

• The results emphasize the need to consider comor-
bidities in the therapy of patients with osteoarthritis.

https://data-archive.nimh.nih.gov/oai/
https://data-archive.nimh.nih.gov/oai/
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7 days. Additionally, an 11- point NRS assessed a nonactivity- 
specific pain severity score for the past 30 days (0 = no pain, 
10 = worst pain).

Physical and mental status. The Physical Activity Scale for the 
Elderly (PASE) was used to estimate participants’ physical activity 
level. The PASE is an age- specific physical activity questionnaire 
that combines information on leisure, household, and occupational 
activity, especially for older people (28). The score ranges from 0 to 
793, with higher scores indicating greater physical activity.

To assess general health status, the self- administered Med-
ical Outcomes Study Short Form 12 (SF- 12) questionnaire was 
used, one of the most extensively validated general health status 
instruments. The SF- 12 consists of 12 questions covering physi-
cal and social functioning, emotional and mental health, and gen-
eral health perception (29). This instrument was used to calculate 
the physical (SF- 12 physical component summary [PCS] score) 
and mental (SF- 12 mental component summary [MCS] score) 
summary scale scores. Both scores range from 0 to 100, with 
higher scores indicating better health status.

Depressive symptoms were assessed using the validated 
Center for Epidemiologic Studies Depression Scale (CES- D), a 
20- item measure that rates symptoms associated with depres-
sion and scored from 0 to 60. Higher scores indicate more severe 
depressive symptoms (30). A CES- D score of ≥16 indicates the 
presence of clinically significant depression.

Covariates. BMI was calculated from the body weight and 
height, which were measured using a calibrated standard balance 
beam scale and a wall- mounted stadiometer. Participants were cat-
egorized into 1 of 4 BMI strata (in kg/m2): normal weight (BMI <25), 
overweight (25– 29.9), obese (30– 34.9), and severely obese (≥35). 
Because there were only 9 underweight participants (BMI <18.5), 
these were included in the normal weight category.

The presence or absence of various comorbidities was docu-
mented (including heart failure, bypass operation, stroke, asthma, 
lung diseases, stomach ulcers, DM, problems with kidneys, rheu-
matoid arthritis, polymyalgia arthritis, liver diseases, and cancer), 
and the comorbidity score was calculated. Pain- related medica-
tion (including analgesics, nonsteroidal antiinflammatory drugs, 
opioid analgesics) was also recorded. Additionally, participants 
were asked about pain, aching, or stiffness in other joints in the 
past 30 days, including right and left hip, shoulder, elbow, wrist, 
hand/finger, ankle, and foot. The number of painful joints was 
calculated.

The Kellgren/Lawrence (K/L) grade was determined by cen-
tral readers from the fixed- flexion knee radiographs (version 0.8) 
and used as a measure of radiographic OA severity. Details on 
the radiographic acquisition procedure are available at http://oai.
epi- ucsf.org/datar eleas e/opera tions Manua ls/Radio graph icMan 
ual.pdf.

Statistical analysis. Participant characteristics are pre-
sented as median (interquartile range) due to not meeting 
assumptions of normality, or number (percentage) for categorical 
variables. The Mann- Whitney U tests and chi- square tests com-
pared participants with and without DM, as appropriate. Box plots 
displayed the variations of the non- DM and DM groups in each 
K/L and BMI stratum. Differences between the non- DM and DM 
groups in each stratum were analyzed using linear regression, 
with adjustment for age and sex.

Multivariate linear regression analysis was used to explore the 
association between the presence of DM on the above variables. 
For each dependent variable (KOOS pain, NRS pain, PASE, SF- 
12 PCS, SF- 12 MCS, and CES- D), 3 models were performed: 
one adjusting for age and sex alone, the second adjusting for age, 

Figure 1. Selection of participants from the Osteoarthritis Initiative (OAI) database for the current study. TKR = total knee replacement;  
KLG = Kellgren/Lawrence grade.

http://oai.epi-ucsf.org/datarelease/operationsManuals/RadiographicManual.pdf
http://oai.epi-ucsf.org/datarelease/operationsManuals/RadiographicManual.pdf
http://oai.epi-ucsf.org/datarelease/operationsManuals/RadiographicManual.pdf
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sex, BMI, and K/L grade, and the third adjusting for age, sex, 
BMI, K/L grade, pain medication, comorbidities, and the number 
of painful joints. The results were expressed as unstandardized 
coefficient (beta value) with 95% confidence interval. Sensitivity 
analyses were also performed with men and women separately. 
SPSS statistics 21 software was used for all analyses, with signif-
icance set at 0.05.

RESULTS

From a total of 4,796 OAI participants, 2,481 were included 
in the current analysis (Figure 1). Most individuals were scored 
with K/L grade = 2 (42%) (Table 1). Of the 2,481 included partici-
pants, 202 (8.14%) reported a diagnosis of DM. Participants with 
DM were older (P = 0.032) and had a greater BMI (P < 0.001) 
and a higher comorbidity score (P < 0.001) than participants with-
out DM (Table 1). The K/L grade was not significantly different 
between both groups. The percentage of participants with DM 
in every K/L grade category was similar (P = 0.175 by chi- square 
test). KOOS pain, NRS pain, PASE, SF- 12 PCS, and CES- D were 
all significantly worse for individuals with OA and DM compared to 
those without DM (Table 1). In all, 14.4% of participants with DM 
had significant depressive symptoms (CES- D ≥16), whereas only 
9.1% of participants without DM had a CES- D of ≥16.

Individuals with OA and DM had significantly more comor-
bidities, such as heart failure, stroke, stomach ulcers, poor kid-
ney function, or cancer (Table 2) compared to individuals without 

DM. The percentage of other diagnosed comorbidities, such as 
asthma, lung diseases, and serious liver damage was similar in 
both groups.

KOOS pain and NRS pain were worse in individuals with 
OA with a higher K/L grade or BMI (Figure 2). Importantly, across 
the different K/L grade categories, individuals with DM had even 
worse KOOS pain and greater NRS pain scores than individuals 
without DM (Figure 2A and 2B). Especially in subjects with severe 
OA (K/L grade = 4), differences of 11.1 points in the KOOS pain 
score and of 2.5 points in the NRS pain were recorded between 
subjects with DM and without DM (KOOS pain: P = 0.014; NRS 
pain: P = 0.013) (Figure 2). In the physical health scores of sub-
jects with severe OA (see Supplementary Figure 1, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24173/ abstract), the difference between 
subjects with and without DM was 49 points for PASE (P = 0.030) 
and 7.1 points for SF- 12 PCS (P = 0.030). The mental health 
status of subjects with severe OA (see Supplementary Figure 2, 
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24173/ 
abstract) did not differ significantly between both groups (SF- 12 
MCS: P = 0.353; CES- D: P = 0.130). Concerning BMI, individuals 
with OA and DM experienced significantly higher pain intensities in 
the overweight and obese category (Figure 2C and 2D).

The multivariate linear regression analysis revealed a strong 
and statistically significant association between the presence of 
DM and OA knee pain, as well as physical and mental param-
eters, after adjusting for age and sex. The strength of these 

Table 1. Participant characteristics, including demographics, radiographic severity, pain scores, and 
physical and mental scores*

Characteristic

Participants 
without diabetes

Participants 
with diabetes

PNo. Value No. Value
Age, years 2,279 62 (16) 202 65 (14.25) 0.032†
Sex: female/male, % 2,279 59.4/40.6 202 61.4/38.6 0.575‡
Body mass index, kg/m2 2,277 28.6 (6.3) 201 31.6 (5.95) <0.001†
Comorbidity score 2,270 0 (0) 201 1 (1) <0.001†
Pain medication past 12 months, % 2,278 58.5 202 57.8 0.175‡
Kellgren/Lawrence, % 0.175‡

Grade 1 616 27.0 46 22.8 – 
Grade 2 962 42.2 82 40.6 – 
Grade 3 526 23.1 60 29.7 – 
Grade 4 175 7.7 14 6.9 – 

KOOS pain 2,277 83.3 (25) 202 75.0 (36.11) <0.001†
NRS pain 2,273 3 (4) 202 4 (7) 0.006†
PASE 2,265 151 (110) 201 139 (105) 0.002†
SF- 12 PCS 2,270 51.3 (12.3) 202 46.2 (14.8) <0.001†
SF- 12 MCS 2,270 56.0 (8.0) 202 55.8 (11.3) 0.255
CES- D 2,275 4 (8) 196 5 (8) 0.048†

* Values are the median (interquartile range) unless indicated otherwise. Mann- Whitney U test and chi- 
square test for categorical variables were used to compare groups. CES- D = Center for Epidemiologic 
Studies Depression Scale; KOOS = Knee Injury and Osteoarthritis Outcome Score; MCS = mental component 
summary score; NRS = numeric rating scale; PASE = Physical Activity Score for the Elderly; PCS = physical 
component summary score; SF- 12 = Medical Outcomes Study Short Form 12. 
† Statistically significant. 
‡ P values by chi- square test. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
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associations was somewhat attenuated when additionally 
adjusted for BMI and K/L grade, but they remained statistically 
significant except PASE (Table 3). In model 3, after additional 

adjustment for pain medication, the presence or absence of sev-
eral comorbidities, and the number of painful joints, the statistical 
analysis still revealed a statistically significant association between 

Figure 2. Distribution of Knee Injury and Osteoarthritis Outcome Score (KOOS) pain (A and C) and NRS pain (B and D) of participants without 
and with diabetes mellitus in each Kellgren/Lawrence grade (KLG) stratum and body mass index (BMI) category, respectively. Box plots display 
the median, the 25th percentile, and the 75th percentile, including whiskers that represent the 5th percentile and the 95th percentile. Differences 
between participants with and without diabetes mellitus were analyzed using linear regression analysis and adjusted for age and sex. * = P < 0.05;  
** = P < 0.01; *** = P < 0.005; NRS = numeric rating scale.

Table 2. Comorbidities and number of painful joints of Osteoarthritis Initiative participants with and without 
diabetes mellitus*

Participants 
without diabetes

Participants 
with diabetes

P†No. % No. %
Comorbidities

Ever treated for heart failure 2,264 1.81 200 5.5 0.001‡
Operation to unclog or bypass arteries in legs 2,273 0.84 202 1.98 0.104
Stroke, cerebrovascular accident, blood clot or 

bleeding in brain, or transient ischemic attack
2,253 2.89 200 6.5 0.005‡

Asthma 2,238 8.13 199 10.05 0.347
Emphysema, chronic bronchitis, or chronic 

obstructive lung disease
2,248 1.82 192 3.65 0.081

Stomach ulcers or peptic ulcer disease 2,230 2.15 199 5.03 0.011‡
Diabetes mellitus 2,279 0 202 100 <0.001‡
Problems with kidneys, poor kidney function 2,243 0.94 196 3.06 0.006‡
Rheumatoid arthritis or inflammatory arthritis – 0 – 0 – 
Polymyalgia rheumatica – 0 – 0 – 
Cirrhosis or serious liver damage 2,264 0.27 198 0.51 0.543
Cancer, leukemia, or lymphoma 2,250 3.91 199 7.54 0.015‡

Number of painful joints, median ± IQR 2,279 2 ± 3.00 202 2 ± 2.25 0.016‡
* IQR = interquartile range. 
† P values by chi- square test. 
‡ Statistically significant. 
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the presence of DM and KOOS pain (P = 0.005), SF- 12 PCS, and 
SF- 12 MCS (Table 3).

In sex- specific sensitivity analyses, the identified asso-
ciations between the presence of DM and pain and physical 
and mental health status remained in woman (see Supplemen-
tary Table 1, available on the Arthritis Care & Research website at 
http://onlin elibr ary.wiley.com/doi/10.1002/acr.24173/ abstract). 
Some of these associations were not significant in men, likely 
reflecting the higher proportion of female participants (and asso-
ciated statistical power). However, a significant impact of DM on 
the activity- related KOOS pain score and the physical parameter 
SF- 12 PCS was detected in both females and males (see Sup-
plementary Table 1, at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24173/ abstract).

DISCUSSION

This study explored, for the first time, whether knee pain sen-
sation and health status are worse in individuals with knee OA 
and DM, independently of age, sex, BMI, and radiographic status 
(K/L grade). The analysis revealed that individuals with OA and 
DM did in fact experience greater knee pain independent of BMI 
and K/L grade. Additionally, individuals with OA and DM had a 
worse physical and mental status compared to those without DM, 
independently of the above factors. The inclusion of additional 
possible confounders, such as other diagnosed comorbidities, 
painful joints, and pain medication, into the analysis confirms the 
association of DM and worse KOOS pain scores of knee joints in 
OA- affected individuals.

Our present analysis of a large cohort study extends previous 
data from small patient groups reporting the fact that DM increases 
joint pain in patients with hand and knee OA (6,11,12). But the pre-
vious reports on the impact of DM on pain sensation in OA (6,12) 
did not adjust for differences in K/L grade and BMI. Given that many 
individuals with DM are obese, with obesity as a risk factor of knee 
OA (4,20,31,32), and with radiographic knee OA being associated 

with knee pain (22,23), these studies were unable to resolve whether 
DM is an independent risk factor of knee OA pain.

The current study results of the unadjusted analysis showed 
a difference in the KOOS pain score between individuals with OA 
with and without DM that approached the previously reported 
clinically important difference of 8– 10 points in the KOOS score 
(27). The beta values in the adjusted models suggest that this 
between- group difference is attenuated when adjusting for poten-
tial confounders. This finding is important to acknowledge when 
interpreting the findings of the current study. The current analy-
sis included 2,481 participants from the OAI, including subjects 
with K/L grade ≥1. Of these, 8.14% reported having DM, which 
approximately matches the prevalence of DM in the US at the time 
of participant recruitment (33).

One of the limitations of this cross- sectional analysis is that 
the OAI was not designed specifically to evaluate the relationship 
between DM and OA outcomes. Therefore, more detailed infor-
mation regarding DM disease history and blood serum analyses 
was not available. However, the self- reported presence of DM has 
a good concordance with medical record or physician diagnosis 
(34,35). While we attempted to control for potential confounders, 
there may be other variables not included in the OAI that affect the 
relationship between DM and pain. For example, we included the 
number of painful joints (such as finger, shoulder, and ankle) as a 
confounding factor, but the OAI holds no information about the 
presence of OA in these joints.

Individuals with OA and DM had a higher BMI and K/L grade 
score compared to controls without DM. Although BMI and K/L 
grade are both associated with knee pain, our results show that 
DM is an independent factor; there must be additional mecha-
nisms that render individuals with DM at risk of experiencing great 
knee pain. Potentially, DM adversely affects local factors around 
the knee or peripheral or central pain processing factors, such 
as central sensitization (17). Further, individuals with OA and DM 
have been shown to exhibit greater inflammation of synovial tis-
sue and higher concentrations of cytokines in the synovial fluid 

Table 3. Association between the presence of diabetes mellitus and pain and physical and mental status using multivariate 
linear regression analysis*

Model 1 Model 2 Model 3

Beta (95% CI) P Beta (95% CI) P Beta (95% CI) P
KOOS pain – 6.72 (– 9.31, – 4.13) <0.001† – 4.72 (– 7.22, – 2.23) <0.001† – 3.32 (– 5.62, – 1.02) 0.005†
NRS pain 0.66 (0.27, 1.05) 0.001† 0.42 (0.04, 0.80) 0.031† 0.24 (– 0.11, 0.59) 0.179
PASE – 14.52 (– 25.34, – 3.70) 0.009† – 10.55 (– 21.51, 0.41) 0.059 – 9.70 (20.92, 1.52) 0.090
SF- 12 PCS – 4.88 (– 6.15, – 3.61) <0.001† – 3.49 (– 4.73, – 2.25) <0.001† – 2.63 (– 3.81, – 1.45) <0.001†
SF- 12 MCS – 1.58 (– 2.71, – 0.45) 0.006† – 1.42 (– 2.57, – 0.26) 0.016† – 1.19 (– 2.36, – 0.03) 0.045†
CES- D 1.49 (0.50, 2.48) 0.003† 1.08 (0.08, 2.08) 0.035† 0.73 (– 0.28, 1.73) 0.156

* Model 1 was adjusted for age and sex; model 2 was adjusted for age, sex, body mass index (BMI), and Kellgren/Lawrence 
(K/L) grade for radiographic OA severity; model 3 was adjusted for age, sex, BMI, K/L grade, pain medication, comorbidities 
(including heart failure, bypass operation, stroke, asthma, lung diseases, stomach ulcers, problems with kidneys, liver 
diseases, and cancer), and the number of painful joints. 95% CI = 95% confidence interval; CES- D = Center for Epidemiologic 
Studies Depression Scale; KOOS = Knee Injury and Osteoarthritis Outcome Score; MCS = mental component summary 
score; NRS = numeric rating scale; PASE = Physical Activity Score for the Elderly; PCS = physical component summary score;  
SF- 12 = Medical Outcomes Study Short Form 12. 
† Statistically significant. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24173/abstract


EITNER ET AL 546       |

compared to those without DM (6,12). Hyperglycemia may thus 
cause complications in peripheral tissues, including microvascu-
lar impairment, mitochondrial dysfunction, osmotic stress, release 
of proinflammatory cytokines, production of reactive oxygen spe-
cies, hypoxia, and others (15). These mechanisms may damage 
nerve fibers in peripheral tissues and lead to painful neuropathy. 
The mechanism of diabetic neuropathic pain is not fully under-
stood (36), but DM is known to cause alterations in nerve endings, 
including changes in voltage- gated sodium channel expression 
and phosphorylation (37), which may cause an  abnormal activity of 
nociceptive fibers. Additionally, an increased level of  methylglyoxal 
was reported in patients with DM with neuropathic pain,  compared 
to either healthy controls or DM- affected individuals without 
pain (38). Methylglyoxal can depolarize nociceptive neurons, 
induce modifications of voltage- gated sodium channels (38), and 
activate neurons through transient receptor potential A1 ion chan-
nels (39).

Besides peripheral alterations, changes in the central ner-
vous system have been described in patients with diabetic neu-
ropathic pain and in diabetic animal models (36). These changes  
include activation of microglia in the spinal cord as well as cen-
tral sensitization and structural changes in several areas of the 
brain (36,40). Further, obesity and DM may induce low- grade 
systemic inflammation characterized by increased C- reactive 
protein, circulating levels of IL- 6 and TNF (14), endothelial dys-
function, and vascular inflammation (15,41). Adipose tissue is 
known to produce several proinflammatory mediators, including 
IL- 1β, TNF, prostaglandin E2, and IL- 6 (42), which are known 
to sensitize neurons (43). Additionally, intraarticular mediators 
released by the infrapatellar fat pad may adversely impact the 
cartilage and synovium, or activate intraarticular macrophages 
and leukocytes (21).

Beside BMI and OA severity, various parameters seem 
to have an influence on OA and OA pain. Some studies have 
reported that female subjects have an increased risk for OA in 
the general population (31) and particularly among DM patients 
(1). Concerning OA pain and function, studies have reported sex 
differences, with females having higher pain sensitivities and more 
impaired function compared to males (44). Our results showed an 
impact of DM in both females and males on the activity- related 
KOOS pain score and the physical parameter SF- 12 PCS.

Several comorbidities, such as kidney problems, heart failure, 
and stroke are associated with DM (45– 47), but whether these 
comorbidities have an impact on OA pain is unclear. In the cur-
rent study, the activity- related knee pain score was still significantly  
associated with DM, after inclusion of other diagnosed comorbidi-
ties as confounding factors. Furthermore, there is evidence that 
depression and psychosocial factors have an influence on the 
pain experience of patients with OA (19), which was not consid-
ered in the presented study.

In summary, greater inflammation, alterations in nocicep-
tive neurons, diabetic neuropathy, and psychosocial factors may 

cause the presence of DM to result in more knee pain, indepen-
dent of elevated BMI and radiographic OA status. In addition to  
OA knee pain, our current study shows that physical activities 
and mental health are negatively affected by DM, independent of 
greater BMI and K/L grade. Health- related quality of life is influ-
enced by multiple patient and disease factors (48). DM- related 
complications also frequently cause negative effects on physical 
and mental status (49).

The current study shows that the higher BMI and advanced 
OA status of the participants with DM do not explain the detected 
differences. The inclusion of pain medication and other diag-
nosed comorbidities as confounders has an effect on the asso-
ciation of DM with PASE and CES- D, but the SF- 12 PCS and 
SF- 12 MCS are still significantly associated with the presence 
of DM. Gore et al (2005) showed that the negative impact of a 
painful diabetic neuropathy on physical and mental health was 
higher in patients with greater pain severity (50). The greater pain 
sensation in patients with OA and DM could potentially cause 
the impaired physical and mental functioning, but mental and 
social factors could also affect the pain sensation. This cross- 
connection between pain, physical and mental health status, 
and comorbidities should be further investigated. In conclusion, 
greater joint pain perceived by patients with OA and DM is inde-
pendent of greater BMI and radiographic severity. Given greater 
pain and worse physical and mental health status compared with 
patients with OA without DM at the same radiographic disease 
stage, patients with knee OA and DM require particular attention 
in preventing and managing knee OA.
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Baseline Gait Muscle Activation Patterns Differ for 
Osteoarthritis Patients Who Undergo Total Knee Arthroplasty 
Five to Eight Years Later From Those Who Do Not
Gillian L. Hatfield,1  Kerry E. Costello,2  Janie L. Astephen Wilson,3  William D. Stanish,4 and 
Cheryl L. Hubley- Kozey5

Objective. To determine if baseline quadriceps and hamstrings muscle activity patterns differed between those 
with medial- compartment knee osteoarthritis (OA) who advanced to total knee arthroplasty (TKA) and those who did 
not advance to TKA, and to examine associations between features extracted from principal component analysis 
(PCA) and discrete measures.

Methods. Surface electromyograms of the vastus lateralis and medialis, rectus femoris, and lateral and medial 
hamstrings during walking were collected from 54 individuals with knee OA. Amplitude and temporal characteristics 
from PCA, co- contraction indices (CCI) for lateral and medial muscle pairs, and root mean square (RMS) amplitudes 
for early, mid, late, and overall stance were calculated from electromyographic waveforms. At follow- up 5 to 8 years 
later, 26 participants reported having undergone TKA. Analysis of variance models tested for differences in principal 
component (PC) scores and discrete measures between TKA and no- TKA groups (α = 0.05). Pearson’s product 
moment correlation coefficients were calculated between PC scores and discrete variables.

Results. The TKA group had higher hamstrings activity magnitudes (PC1), prolonged activity in mid stance (PC2) 
for all muscles, and greater lateral CCI. TKA had higher RMS hamstrings activity for all stance phases, and higher 
RMS mid-  and late- stance quadriceps activity. PC1 was highly correlated with RMS amplitude (highest overall and 
early stance). PC2 was correlated with mid-  and late- stance RMS. CCIs were correlated with PC1 and PC2, with 
greater variance explained for PC1.

Conclusion. Those who advanced to TKA had higher magnitudes and more prolonged agonist and antagonist 
activity, consistent with less joint unloading. These gait muscle activation patterns indicate a potential conservative 
intervention target.

INTRODUCTION

Hunter et al (1) draw attention to the prevalence and mag-
nitude of the burden of osteoarthritis (OA). Since no cure exists, 
a concerted effort has aimed at improving our understanding of 
knee OA processes and risk factors for development and progres-
sion (2– 5), including gait biomechanics studies (6– 10). Identifying 
factors associated with disease progression is the focus of the 
present study, specifically, the role of muscle function on risk for 
total knee arthroplasty (TKA).

TKA is a definable and relevant clinical end point when other 
treatments have not been successful and has been an outcome 
measure for progression in biomarker (11) and gait studies (10). 
While many factors are considered in TKA decision- making, such 
as patient willingness and surgeon and health care system varia-
bility (12,13), joint structural damage and worsening symptoms 
are 2 main factors for TKA decisions (14). Mechanical loading is 
thought to trigger biological responses associated with cartilage 
degradation and increased cytokines linked to inflammation and 
pain (15,16), both of which are central in a decision to advance 
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to TKA. Previous in vivo studies have interrogated joint- level bio-
mechanics during walking to understand this mechanical loading 
environment, where the external knee adduction moment (KAM) 
and knee flexion moment (KFM) are considered surrogate meas-
ures of medial to lateral compartment loading ratio (8,17) and net 
muscle moment (18), respectively.

Using principal component analysis (PCA) models (10) and 
discrete metrics (KAM peak and impulse) (19), higher baseline 
KAM magnitude features were found for those with moderate 
knee OA who underwent TKA within a 5-  to 8- year follow- up 
period compared to those who did not. While higher KAM magni-
tude is consistent with previous studies on structural progression 
(7,8), 2 unique features were identified using PCA. The first fea-
ture captured the difference between initial KAM peak and mid- 
stance magnitude (10), and, while significantly correlated with the 
KAM peak, it explained minimal variance (19). The second unique 
feature captured the difference between KFM in early- stance and 
late- stance knee extension moment (10). Smaller differences for 
both features indicated less unloading, consistent with a stiff leg 
gait pattern (20), where the TKA group had reduced unloading of 
the knee (10). This sustained loading pattern is comparable to ani-
mal models showing that static loads produce significantly more 
tissue damage than dynamic loads of similar magnitude (21), and 
to human research showing that asymptomatic participants with 
cartilage loss have smaller late- stance maximum external knee 
extension moments and higher serum proinflammatory cytokine 
concentrations than controls (22).

Fewer studies have examined the role of muscle function dur-
ing walking in knee OA processes, even though muscles account 
for large proportions of joint contact load (23), produce motion, and 
provide stability during movement (24). Cross- sectional studies 

show that those with knee OA have higher, prolonged quadriceps 
and higher lateral hamstrings (LH) activity than asymptomatic con-
trols (25,26). Furthermore, these alterations were related to knee 
OA symptoms (20). Muscle activity and structural progression 
have been examined where longer duration medial muscle coac-
tivation was correlated with decreased medial knee cartilage vol-
ume at 2- year follow- up (27). Recently, higher and more prolonged 
baseline LH activity was reported in a group with moderate medial 
knee OA who had experienced radiographic joint space narrowing 
(JSN) at 3- year follow- up (28).

Given the discordance between structural damage and pain 
(29), the current study examined whether baseline gait muscle acti-
vation patterns differed between those with OA who did and who 
did not advance to TKA, a clinically relevant end point. The main 
purpose of the present study was to test whether those with mod-
erate medial compartment knee OA who had TKA within a 5-  to 
8- year follow- up would have higher and prolonged baseline activa-
tion patterns of the quadriceps and hamstring during walking than 
those who did not have TKA within the 5- to 8-year follow-up, con-
sistent with biomechanical features for stiff knee gait patterns pre-
dictive of TKA and for structural progression. A secondary purpose 
was to examine the association between features extracted from 
PCA and discrete measures from muscle activation waveforms to 
determine if PCA captured unique waveform features.

PATIENTS AND METHODS

Participants. Baseline gait analysis was conducted over a 
5- year period in 80 participants with moderate, medial compart-
ment knee OA, diagnosed by 1 orthopedic surgeon (WDS) in a high- 
volume practice and based on radiographic and clinical evidence 
(30). Participants had medial JSN equal or greater than lateral com-
partment JSN and moderate severity based on clinical criteria (i.e., 
not a candidate for TKA) and functional criteria (self- reported ability 
to jog 5 meters, walk a city block, and climb stairs reciprocally) (26). 
Institutional ethics approval and participant written informed consent 
were obtained for original and follow- up portions of the study.

At follow- up 5– 8 years later, 64 participants were reached by 
telephone. Fifty- four participants consented to have their base-
line data included in this study. Twenty- six participants reported 
that they had TKA surgery since baseline testing or were on the 
TKA waitlist (mean ± SD time from baseline to TKA was 4 ± 3 
years). Twenty- eight participants reported that they had not had 
TKA, nor were they on a waitlist (no- TKA group). The orthopedic 
surgeon was not aware of baseline gait data when surgical deci-
sions were made. The present study is consistent with a previous 
study that developed a model to predict TKA outcome based on 
lower extremity biomechanics during walking (10), except that 
in the current study, 1 TKA participant who did not give consent 
for additional follow- up was replaced by a participant who met 
the follow- up criteria (who had TKA but had insufficient follow- up 
when the biomechanics paper was published).

SIGNIFICANCE & INNOVATIONS
• To the best of our knowledge, this is the first study 

to demonstrate that, at baseline, individuals with 
moderate medial compartment knee osteoarthri-
tis who advanced to total knee arthroplasty (TKA) 
in 5– 8 years had higher overall hamstrings activity 
magnitudes and more prolonged activity of both 
quadriceps and hamstrings in mid-  and late- stance 
activity than those who did not progress to TKA.

• These findings demonstrate that, in the group that 
had TKA at follow- up, baseline muscle function during 
walking was consistent with more sustained loading 
and a stiff knee gait pattern versus baseline muscle 
function in those who did not progress to TKA.

• While overall stance root mean square muscle ac-
tivity captured similar features when compared to 
the first principal component (PC1, overall magni-
tude), the PC2 (prolonged activity) captured a dis-
tinct feature, as discrete metrics (root mean square 
amplitudes and co- contraction indices) only ex-
plained 2– 40% variance in PC2 scores.
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Procedure. At baseline, demographic data and self- reports 
of stiffness, pain, and function (Western Ontario and McMaster 
Universities Osteoarthritis Index [WOMAC] [31]) were collected. 
Standard weight- bearing anterior– posterior and lateral radio-
graphs were graded by 1 rater (WDS) using the Kellgren/Lawrence 
(K/L) scale (32) to grade overall severity and the Scott Feature scale 
(33) to grade medial and lateral JSN. Radiographs were graded 
twice, with between- grading agreements of 95%, 98%, and 93% 
for K/L, medial JSN, and lateral JSN scores, with weighted kappa 
coefficients of 0.91, 0.99, and 0.91 (10), respectively.

Surface electrode pairs (Ag/AgCl, 10- mm diameter, 20- mm 
interelectrode distance) were placed over 3 knee extensors (vas-
tus lateralis [VL], vastus medialis [VM], and rectus femoris [RF]) 
and 2 knee flexors (LH and medial hamstring [MH]) using stand-
ard skin preparation, electrode placement, and validation previ-
ously described (26). The surface electrode pairs were shown to 
yield good between- day reliability in participants with knee OA 
(34). Signals were amplified using an AMT- 8 (Bortec) 8- channel 
electromyogram (EMG) system (input impedance ~10GΩ, com-
mon mode rejection ratio 115 dB at 60 Hz, bandpass 10– 1,000 
Hz). A standardized biomechanical protocol (36), which has been 
shown to have good between- day reliability in participants with 
knee OA (37), captured 3- dimensional motion through 2 Optotrak 
3020 cameras (Northern Digital), sampling at 100 Hz from infrared- 
emitting diodes on anatomic joint landmarks and rigid diode triads 
on leg and pelvic segments with 8 virtual points to determine ana-
tomic models during standing calibration. Marker motion during 
gait was synchronized with EMG and ground reaction forces from 
a force platform (Advanced Medical Technology) in the floor, both 

analog to digitally converted at 1,000 Hz (16 bit ± 2V). Partici-
pants performed at least 5 self- selected speed gait trials across 
a 5- meter walkway (wearing comfortable shoes), with gait speed 
calculated using infrared timing gates.

Following walking trials, resting muscle activity was recorded 
in supine. Participants then completed standardized maximum 
voluntary isometric contractions (MVIC), which consisted of knee 
extension (knee at 45º and 15º flexion) and knee flexion (knee at 
55º and 15º flexion). These exercises were performed for ampli-
tude normalization and have been previously described (26).

At follow- up, WOMAC scores and radiographs were collected 
for the no- TKA group to assess symptom and structural progres-
sion. Pre- TKA WOMAC scores were not available for the TKA group, 
but pre- TKA radiographs were obtained and scored (WDS).

Data processing. Raw EMG signals were band- pass fil-
tered (20– 500 Hz), corrected for resting bias, converted to micro-
volts, full wave rectified, and low pass filtered (recursive 4th order 
Butterworth, 6Hz). Heel strike and toe off, identified from motion 
and force data, were used to time- normalize EMG waveforms to 
101 data points (1 data point for each percentage of the gait cycle) 
(26). Waveforms were amplitude- normalized to MVIC utilizing a 
100- millisecond moving average window to identify maximal EMG 
amplitude for each muscle regardless of the MVIC exercise where it 
occurred (26,38). For each participant, an ensemble average profile 
was created for each muscle by averaging walking trial waveforms.

Discrete metrics were calculated from ensemble average 
waveforms, including co- contraction indices (CCI) for VL- LH and 
VM- MH (35):

Figure 1. Baseline ensemble average activation waveforms for participants in the 5th and 95th percentile for quadriceps principal components 
1 (PC1) (A), quadriceps PC2 (B), hamstrings PC1 (C), and hamstrings PC2 (D) scores. This examination of the high and low scoring waveforms 
illustrates that PC1 captured the overall shape and magnitude of the waveforms and PC2 captured prolonged activation during the stance 
phase of gait.
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To place magnitude values derived from PCA (below) into con-
text, RMS amplitudes for overall- stance (0– 60%), early- stance (0– 
20%), mid- stance (20– 40%), and late- stance (40– 60%) phases of 
the gait cycle were calculated. Quadriceps and hamstrings strength 
were calculated as maximum torque (Nm) for a 1- second window 
during 3- second knee extension (45˚) and knee flexion (55˚) MVIC, 
respectively (26). Values were amplitude normalized to body mass 
and were shown to have good day- to- day repeatability (34).

PCA. Amplitude and temporal waveform features were 
extracted using PCA, a technique that reduces large volumes of 
data to a smaller number of features (principal components [PCs]) 
typically capturing amplitude, difference operators, and phase shifts 
(39,40). To minimize the potential for extracting erroneous features 

and overfitting (41) and to produce stable PCs that are reflective of 
key features, a larger data set was formed for each muscle grouping 
consisting of ensemble average profiles for participants with asymp-
tomatic knee OA (n = 31) and moderate knee OA (n = 55). Two 
data matrices (X) were formed for the EMG waveforms, including 
quadriceps (3 muscles, 258 waveforms) and hamstrings (2 mus-
cles, 172 waveforms). Two separate PCAs were performed (1 for 
each matrix) by calculating an eigenvector decomposition of the 
cross- product matrix ([S] = [XT] × [X]), resulting in orthonormal eigen-
vectors or PCs for the hamstrings and for the quadriceps. PCs that 
accounted for a sum of at least 90% of the total variance of the large 
data set (with individual PCs not contributing <1% of the variance to 
the total) were used to calculate PC scores for statistical hypothesis 
testing (26). PC scores were calculated for each participant by mul-
tiplying each individual measured EMG waveform by the PCs from 
the associated muscle grouping. To interpret extracted patterns, 
original waveforms for participants in the 5th and 95th percentiles for 
each PC were examined (Figure 1). PCA and gait data processing 

CCI =

Peak KAM

∫
i= 100ms prior to inital contact

lowerEMGi

higherEMGi

x ( lowerEMGi + higherEMGi )

Table 1. Participant demographic information, radiographic severity, gait speed, self- reported symptoms, and strength 
for the no- TKA and TKA groups at baseline*

No TKA TKA
Mean 

difference 95% CI P
Demographics

Ratio, men:women 19:9 19:7
Men, % 68 73
Age, years 57.9 ± 7.3 59.4 ± 10.2 – 1.5 – 6.3, 3.3 0.536
Mass (kg) 95.4 ± 20.2 92.1 ± 13.9 3.4 – 6.1, 12.9 0.480
BMI (kg/m2) 31.5 ± 6.2 30.8 ± 4.7 0.7 – 2.3, 3.7 0.646

Radiographic severity†
K/L grade 0.189

1 2 3
2 13 6
3 11 12
4 2 5

JSN score
Medial (no.) 0.056

0 2 2
1 10 5
2 13 9
3 3 10

Lateral (no.) 0.206
0 23 18
1 5 5
2 2
3 1

Gait speed (meters/second) 1.27 ±0.2 1.21 ± 0.2 0.06 – 0.05, 0.16 0.282
WOMAC scores

Pain (max. score 20) 6.3 ± 4.5 7.4 ± 3.5 – 1.0 – 3.2, 1.2 0.356
Stiffness (max. score 8) 3.3 ± 1.7 3.9 ± 1.7 – 0.6 – 1.5, 0.2 0.140
Function (max. score 68) 20.4 ± 14.5 24.2 ± 10.9 – 3.8 – 10.9, 3.3 0.288
Total (max. score 96) 30.0 ± 20.3 35.5 ± 14.9 – 5.5 – 15.4, 4.4 0.269

Normalized muscle strength (Nm/kg)
Quadriceps 1.34 ± 0.44 1.21 ± 0.47 0.14 – 0.11, 0.39 0.275
Hamstring 0.67 ± 0.19 0.67 ± 0.30 0.01 – 0.13, 0.15 0.902

* Values are the mean ± SD unless indicated otherwise. Mean differences are no total knee arthroplasty (TKA) to TKA 
values. 95% CI = 95% confidence interval; BMI = body mass index; JSN = joint space narrowing; K/L = Kellgren- Lawrence; 
WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index. 
† Frequencies presented for ordinal radiographic data. P values by Mann- Whitney U test. 
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were performed using custom Matlab (MathWorks) programs. Very 
good to excellent between- day reliability has previously been shown 
for PC scores for EMG gait waveforms (34).

Statistical analysis. Independent Student’s t- tests exam-
ined between- group differences in demographics, walking speed, 
WOMAC scores, quadriceps and hamstrings strength, and CCIs. 
Mann- Whitney U tests were conducted on ordinal radiographic 
data (K/L and JSN scores). Two- factor (group and muscle) mixed- 
model analysis of variance (ANOVA) models (repeated measures 
on muscle) tested for significant differences in EMG PC scores 
and RMS measures between TKA and no- TKA groups for 
each muscle grouping separately (quadriceps and hamstrings) 
(α = 0.05). Post hoc pairwise comparisons with a Bonferroni cor-
rection based on the number of comparisons were conducted on 
significant ANOVA main effects and interactions. Pearson’s prod-
uct moment correlation coefficients and r2 values were calculated 
between extracted muscle PCs and discrete variables (VL- LH and 
VM- MH CCI, overall- stance, early- stance, mid- stance, and late- 
stance RMS amplitude for each muscle). Alpha was adjusted to 
0.0083 based on the number of comparisons for each PC. Nor-
mality was examined where non- normally distributed data were 
transformed, but transformation did not change significant results. 
Thus, nontransformed data and statistics are presented. Statisti-
cal analyses were completed using SPSS (IBM Corporation).

RESULTS

No baseline between- group differences (P > 0.05) were 
found for demographic characteristics, radiographic variables, gait 
speed, self- reported symptoms, or quadriceps and  hamstrings 

strength (Table 1), consistent with a sample reporting joint- level 
biomechanical differences between similar groups (10).

Mean muscle activation waveforms are shown in Figure 2, 
PC scores in Table 2, and discrete measures in Table 3. There 
were no significant muscle- by- group interactions for quadri-
ceps or hamstrings for any EMG measure (P > 0.05). Both PC1 
scores for quadriceps and hamstrings captured overall shape 
and magnitude of activation throughout the gait cycle (Figure 1), 
with higher scores indicating higher activation. There was a sig-
nificant group main effect for PC1 scores for hamstrings, with the 
TKA group having higher scores (higher activation) at baseline 
(P = 0.004). There was a significant muscle main effect for quadri-
ceps and hamstrings PC1 scores; VL and VM PC1 scores were 
higher than RF (P < 0.001), and LH PC1 scores were higher than 
MH (P < 0.001) (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract).

PC2 scores for both quadriceps and hamstrings captured a 
difference between early-  and mid- stance muscle activation ampli-
tudes, with higher PC2 scores indicating less difference or more 
prolonged muscle activity (Figure 1). There was a significant 
group main effect for quadriceps and hamstrings PC2 scores. The 
TKA group had higher baseline PC2 scores for the quadriceps 
(P = 0.006) and hamstrings (P = 0.028), indicating more prolonged 
activity. The only significant muscle main effect (P < 0.001) found 
that RF had higher PC2 scores than VL and VM (see Supplemen-
tary Table 1, available at http://online library.wiley.com/doi/10.1002/
acr.24143/abstract).

CCIs (Table 3) were higher for the TKA group lateral sites only 
(VL- LH; P = 0.025). There was a group main effect for hamstrings 
RMS amplitude for all stance phases (Table 3), where the TKA group 
had significantly higher baseline hamstrings activity. The higher 

Figure 2. Baseline ensemble average muscle activation waveforms for the vastus lateralis (A), rectus femoris (B), lateral hamstring (C), and medial 
hamstring (D) for participants who had total knee arthroplasty at follow- up (TKA group, n = 26) and those who did not (no- TKA group, n = 28). The 
gray shaded area is ± 1 SD for an asymptomatic control group (n = 31, mean age = 47 years, body mass index = 24.9 kg/m2), for illustration purposes 
only. MVIC = maximum voluntary isometric contractions.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract
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quadriceps activity for the TKA group compared to the no- TKA 
group was significant for mid (P = 0.022) and late stance (P = 0.047) 
only. Muscle main effects were found for quadriceps and hamstrings 
(P < 0.001) overall- stance RMS amplitude, with VL and VM having 
higher amplitudes than RF, and LH having higher activation than MH. 
Muscle main effects for early stance (P < 0.001) found VL and VM 
RMS amplitudes were higher than RF, for mid stance (P = 0.036) VL 
RMS amplitudes were higher than RF, and for all stance phases (early 
[P < 0.001], mid [P = 0.010], and late [P = 0.032]) LH RMS ampli-
tudes were higher than MH (see Supplementary Table 1, available at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract).

Correlations and r2 values for PC scores and discrete meas-
ures are shown in Table 4. Overall- stance RMS amplitudes and PC1 
scores for each muscle were highly correlated, with overall RMS 
explaining 91% (hamstrings) to 99% (vasti muscles) of variance in 
PC1 scores. For separate stance phases, correlations were high-
est between each muscle’s early- stance RMS and PC1 score (90– 
98% variance explained). Although significant, correlations were 
lowest between late- stance RMS and PC1 scores (44– 59% vari-
ance explained). For all muscles, RMS in mid and late stance was 
significantly correlated with PC2 score for that muscle. The highest 

quadriceps correlations were found in late stance (vasti muscles 
38– 40% and RF 85% PC2 score variance explained), whereas the 
highest hamstrings correlations were found in mid stance (64– 79% 
PC2 score variance explained). Overall- stance and early- stance 
RMS for RF, LH, and MH were significantly correlated with PC2 
scores, but variance explained was <50%. Correlations for CCIs 
were generally higher for PC1, explaining 54– 67% of variance, 
compared to PC2 scores (18– 45% variance explained).

WOMAC scores decreased for the no- TKA group at 
 follow- up (mean ± SD change scores for pain [– 2.0 ± 4.3], stiff-
ness [– 1.1 ± 1.9], function [– 8.2 ± 14.3], and total [– 11.7 ± 19.6]). 
Median K/L and medial JSN scores increased for both groups 
at follow- up/pre- TKA (mean ± SD K/L change scores for no- 
TKA [0.8 ± 0.6] and TKA [0.8 ± 0.8] and mean ± SD medial JSN 
change scores for no- TKA [0.5 ± 0.6] and TKA [0.5 ± 0.9]).

DISCUSSION

This study found baseline differences in knee muscle activity 
patterns between those with moderate knee OA who advanced 
to TKA compared to those who did not. Our hypotheses were 

Table 2. Baseline knee muscle electromyographic PCs for the no- TKA and TKA groups*

PC no.
Explained 

variance, % Interpretation No- TKA TKA
Mean 

difference 95% CI P
Quadriceps 1 88.4 Overall magnitude 142.3 ± 91.8 185.9 ± 150.0 – 43.6 – 100.9, 13.7 0.132

2 3.7 Prolonged stance 
activation

– 9.3 ± 31.1 17.2 ± 49.4 – 26.5 – 45.0, – 8.0 0.006†

Hamstrings 1 82.7 Overall magnitude 129.2 ± 63.0 201.1 ± 133.9 – 71.9 – 119.2, – 24.6 0.004†
2 7.9 Prolonged stance 

activation
– 15.0 ± 38.0 15.9 ± 82.2 – 31.0 – 58.5, – 3.5 0.028†

* Values are the mean ± SD unless indicated otherwise. 95% CI = 95% confidence interval; PC = principal component; TKA = total knee arthroplasty. 
PC1 higher score indicates greater overall activity, and PC2 higher score indicates more prolonged activity. 
† Significant between- group differences. 

Table 3. Baseline knee muscle electromyographic discrete variables (CCI and RMS) for the no- TKA and 
TKA groups*

No- TKA TKA Mean difference 95% CI P
CCI

VL- LH 22.5 ± 13.7 37.5 ± 30.6 – 15.0 – 28.1, – 2.0 0.025†
VM- MH 20.8 ± 10.4 30.5 ± 25.0 – 9.7 – 20.2, 0.8 0.070‡

RMS (% MVIC)
Quadriceps

All stance 18.0 ± 11.5 23.9 ± 19.0 – 5.9 – 13.2, 1.4 0.112
Early stance 26.6 ± 17.8 32.4 ± 26.2 – 5.8 – 15.6, 4.1 0.246
Mid stance 10.1 ± 8.3 18.1 ± 17.1 – 8.0 – 14.7, – 1.2 0.022§
Late stance 6.1 ± 5.3 10.2 ± 10.0 – 4.1 – 8.1, – 0.05 0.047§

Hamstrings
All stance 13.3 ± 7.7 23.0 ± 17.6 – 9.8 – 15.6, – 3.9 0.002§
Early stance 18.3 ± 11.3 32.4 ± 23.0 – 14.0 – 22.0, – 6.0 0.001§
Mid stance 7.3 ± 7.9 13.8 ± 18.5 – 6.5 – 12.6, – 0.5 0.034§
Late stance 3.3 ± 1.7 8.3 ± 10.2 – 5.0 – 8.6, – 1.5 0.006§

* Values are the mean ± SD unless indicated otherwise. Co- contraction index (CCI) indicates the vastus 
lateralis (VL):lateral hamstrings (LH) and the vastus medialis (VM):medial hamstrings (MH) ratios. 95% CI = 95% 
confidence interval; MVIC = maximum voluntary isometric contractions; RMS = root mean square; TKA = total 
knee arthroplasty. 
† P value by independent t- tests; significant between- group differences. 
‡ P value by independent t- tests. 
§ Significant between- group differences. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24143/abstract
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partially supported; the TKA group had significantly higher PC1 
scores and overall- stance RMS amplitudes for the hamstrings, 
and both quadriceps and hamstrings had prolonged activ-
ity based on PC2 scores and higher mid- and late- stance RMS 
amplitudes. PC2 scores captured a unique feature, whereas PC1 
scores captured overall and early- stance activity with high correla-
tions with discrete metrics.

Higher TKA group overall hamstrings activity is consistent 
with findings for those classified as more clinically severe (35), but 
the TKA group did not have higher overall quadriceps activity as 
was previously reported in clinically severe versus moderate OA 
(35), and in those with more severe structural changes who had 
similar muscle strength and symptoms as a moderate structural 
severity group (42). There were no between- group differences in 
demographic characteristics, radiographic, self- reported symp-
toms, quadriceps and hamstring strength or walking speed, sug-
gesting that these variables did not explain the EMG differences. 
Waveforms in Figure 2 show that the no- TKA group activation 
patterns were within, albeit at the upper band of, asymptomatic 
waveforms, whereas the TKA group was at or above the upper 
asymptomatic band for all muscles.

Discrete metrics showed similar between- group overall- 
stance RMS and PC1 score differences, where the RMS place the 
amplitude differences into physiological context. RMS amplitudes 
were <7% MVIC higher for quadriceps sites, whereas hamstrings 
sites ranged 7– 13% MVIC higher for the TKA group (Figure 2). 
Both features capture overall magnitude, primarily driven by stance 
activity, as supported by the linear relationship explaining >98% of 
variance between these 2 features for all muscles.

Correlations between early- stance RMS and PC2 scores were 
poor for quadriceps and explained <36% variance for hamstrings. 
Correlations between both mid-  and late- stance activity and PC2 
scores for quadriceps and hamstrings were generally better, 
although they explained <40% variance for the 2 vasti muscles. 
Lower correlations between PC2 scores and amplitude measures 
were not surprising, as PCs are orthogonal, and so PC1 and PC2 
scores are mutually uncorrelated. Higher PC2 scores captured 
less relative difference between  early-  to mid- stance amplitudes 
(34,39), showing more prolonged activation in the TKA group. 
While higher TKA group quadriceps and hamstrings RMS ampli-
tudes in mid and late stance could be interpreted as prolonged 
activity, they indicate higher magnitude during these time periods 
rather than higher relative magnitude at these times compared to 
early stance that is captured by PC2 scores. There is potential for 
error by using standard early- stance, mid- stance, and late- stance 
subphases based on 60% stance phase, when our previous 
study showed that stance was 64– 65% of the gait cycle in the 
similar cohort (10). However, there would be no systematic error 
as both groups had similar stance phase duration, thus it would 
have minimal effect on between- group interpretation. PCA offers 
the advantage of 1 variable (PC2 scores) capturing prolonged 
or sustained activity rather than having to calculate early, mid, 

and late- stance activity and decide on arbitrary cutoff points for 
each phase. Low correlations for PC2 scores indicate that PC2 is 
capturing a difference operator and not a typical discrete ampli-
tude metric, a finding consistent with the KAM PC2 difference 
operator (19).

Higher TKA group early- stance LH activation contributed to 
significantly higher lateral CCI, but higher MH activity did not result 
in significantly higher medial CCI. The between- group difference in 
VL- LH CCI was like a moderate versus clinically severe knee OA 
group comparison [35]. However, different combinations of mus-
cle activity can produce similar CCIs (35), and these CCIs only 
captured coactivity during early stance. CCIs have not previously 
been reported in progression studies, and the current findings 
indicate that they did not provide additional information beyond 
that of early- stance RMS amplitude.

Prolonged TKA group medial muscle activation is consistent 
in part with findings from a previous study linking muscle activity 
to OA progression, where longer duration medial muscle (VM and 
MH) activation was correlated with cartilage volume loss over 2 
years (27), whereas longer duration lateral muscle activation was 
associated with less cartilage loss and was thought to be pro-
tective for the medial compartment (27). Results from an EMG- 
driven model, however, found that higher lateral muscle activity 
resulted in increased overall contact loads (43), challenging the 
protective role of this lateral recruitment strategy. Consistent with 
this modeling study, LH activity was reported as higher and more 
prolonged at baseline in a group of participants with moder-
ate medial knee OA who experienced radiographic JSN over 
3 years of follow- up (28). Our study also identified prolonged 
quadriceps activity, which is a feature not previously associated 
with structural progression. This prolonged quadriceps activity 
and increased, prolonged LH activity combination was previously 
found in symptomatic versus asymptomatic groups with similar 
radiographic OA (20) and in clinically severe versus moderate OA 
groups (25), suggesting a relationship between prolonged mus-
cle activity and symptoms. TKA decision- making is multifactorial, 
where symptomatic changes are considered (13,14), and thus, 
these changes suggest 1 potential mechanism by which pro-
longed muscle activation could lead to TKA. Our TKA group likely 
experienced structural and/or symptom progression, but radio-
graphic severity increased similarly in both groups (JSN increased 
by 0.5 and K/L score by 0.8). WOMAC scores decreased in the 
no- TKA group, indicating an improvement in, or accommodation 
to, symptoms. Thus, given similar changes in radiographs, the 
TKA decision was likely influenced by symptom changes. Unfor-
tunately, pre- TKA WOMAC scores were not available, which is a 
limitation of the present study.

Most gait progression studies have focused on exter-
nal joint moments, and the current muscle activation findings 
are consistent with higher mid- stance KAM and smaller differ-
ence between early- stance KFM and late- stance knee exten-
sion moment, collectively described as a “stiff leg” gait pattern, 
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found at baseline in a similar sample who advanced to TKA (10). 
Since muscles contribute to joint loading, the prolonged agonist 
and antagonist muscle activity observed in the TKA group likely 
contributes to the “stiff leg” gait pattern. Based on modeling 
work (given the higher LH amplitude and lateral CCIs) (43), along 
with prolonged activation of all muscle sites and no between- 
group muscle strength differences, the patterns likely contrib-
ute to higher and more sustained joint contact loads in the TKA 
group. This prolonged activity is consistent with reports that low- 
level sustained muscle activity produced more tissue damage 
than dynamic muscle activation in a rabbit model (despite similar 
loading magnitudes) (21).

Although between- group differences in muscle activity (rang-
ing 4– 19% MVIC) could be deemed low- level differences, walk-
ing is a cyclic activity, and even low- level increases in activation 
have the potential to cause structural damage (21) and muscle 
fatigue (when repeated for long periods). Fatigue impairs mus-
cle function and can impact joint loading, motion, and stability 
(44). Higher and prolonged muscle activity provide targets for 
conservative interventions that are aimed to avoid a clinical end 
point of TKA. These results support interventions such as neu-
romuscular training, which focuses on muscle patterning (45), 
and knee bracing, which has been reported to decrease lateral 
and medial muscle coactivation in those with medial knee OA 
(46). This study was, however, observational, and whether these 
differences in muscle activation patterns will affect longitudinal 
outcomes requires interventional control studies to provide more 
insight into cause and effect.

While symptoms and structural changes are important, 
the patient contributes to TKA decision- making (12,13). Poten-
tially, there were no- TKA group participants who elected against 
a recommended TKA. This misclassification, however, would 
underestimate between- group differences. Additionally, pas-
sive joint instability could explain higher coactivation, but it was 
not measured. Radiographic grades were not different, although 
the slightly greater medial JSN in the TKA group was close to 
significant, suggesting that decreased passive joint stiffness 
should be further explored as a contributor to higher and pro-
longed activation.

In conclusion, differences in baseline muscle activation pat-
terns were found between individuals with moderate knee OA 
who advanced to TKA versus those who did not. These differ-
ences were despite similar demographic, radiographic, sympto-
matic, and strength factors. Higher overall hamstrings activation, 
greater lateral co- contraction, and prolonged stance activation of 
the quadriceps and hamstrings in the TKA group suggest higher 
and more sustained knee loading, adding to our understanding of 
joint moment findings previously reported (10). Muscle activation 
pattern differences provide targets for conservative interventions 
to alter not just the knee loading magnitude, but loading patterns, 
through addressing muscle function to reduce the risk of a clini-
cally relevant end point, TKA.
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What Is an Important Difference in Gait Speed in Adults 
With Knee Osteoarthritis?
Abigail L. Gilbert,1  Jing Song,2 David Cella,2 Rowland W. Chang,3 and Dorothy D. Dunlop2

Objective. Little is known regarding what difference in functional performance measures is significant in individuals 
with chronic medical disease. Our objective was to examine the important differences in gait speed in adults with 
radiographic knee osteoarthritis.

Methods. Functional performance was measured by gait speed using 20- meter and 400- meter walk tests 
performed at a self- selected usual pace among adults with radiographic knee osteoarthritis participating in the 
Osteoarthritis Initiative at baseline and 2 years later. Both distribution- based methods and anchor- based methods 
were used to calculate the important differences in gait speed. Anchor- based methods used the chair stand rate and 
self- reported function to estimate gait speed differences related to physical function.

Results. We included 2,527 participants with radiographic knee osteoarthritis. Distribution- based important 
difference estimates for the 20- meter walk ranged from 4.1 to 6.4 meters/minute and 400- meter walk estimates 
ranged from 2.9 to 6.5 meters/minute. Prevalent (cross- sectional) anchor- based estimates for the 20- meter walk 
ranged from 5.4 to 6.9 meters/minute and for the 400- meter walk ranged from 3.0 to 6.9 meters/minute. Longitudinal 
anchor- based estimates were deemed unreliable. Combining distribution- based with prevalent anchor- based 
methods showed that an important gait speed difference for the 20- meter walk is between 4.1 and 6.9 meters/minute 
and for the 400- meter walk is between 2.9 and 6.9 meters/minute.

Conclusion. Our results found that the important difference in gait speed for the 20- meter walk and the 400- meter 
walk is consistent with important difference estimates for older adult populations. These findings can provide 
benchmarks for assessing and understanding functional performance outcomes when comparing exposure groups 
and can be used in designing future studies targeting adults with radiographic knee osteoarthritis.

INTRODUCTION

Chronic arthritis, including knee osteoarthritis (OA), is a lead-
ing cause of functional limitations and disability (1– 3). The ability of 
older adults to maintain physical function is central to independent 
living, including for persons with knee OA and other chronic dis-
eases. Recognizing the importance of functional ability for over-
all quality of life, functional performance is frequently assessed in 
clinical and epidemiology studies. An important issue in the design 
of clinical studies is to understand what magnitude of difference in 
the outcome of interest is meaningful. While studies in the general 

population address this question for a variety of measures (4– 7), 
the smallest differences that are meaningful or important in func-
tional performance measures, such as gait speed, are not known 
for people with chronic conditions, particularly individuals with 
knee OA.

The clinically important difference has been defined as “the 
smallest benefit of value to patients” (8), reflecting the amount of 
improvement that is important to patients and that, assuming min-
imal side effects and reasonable cost, would change a patient’s 
disease management (9). Methodologic approaches to detect 
important differences can be broadly classified into 2 categories: 
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distribution- based and anchor- based approaches. Distribution- 
based approaches rely solely on statistical criteria to distinguish 
true differences from random error. In contrast, anchor- based 
approaches compare changes in scores, with an “anchor” as ref-
erence. Conceptually, an anchor- based approach examines dif-
ferences in health status relevant to a patient and determines the 
corresponding difference in the measure of interest to estimate a 
clinically important difference. Synthesizing the 2 methods is ideal, 
first by using distribution- based methods to identify a range of 
values for the important difference and then by validating, using 
1 or more relevant clinical indicators. The objective of this study 
was to estimate meaningful prevalent (cross- sectional) and longi-
tudinal differences for gait speed, measured by both the 20- meter 
walk and the 400- meter walk in adults with radiographic knee 
OA, using a combination of distribution- based and anchor- based 
methods.

PATIENTS AND METHODS

Study population. This study analyzed public data from the 
Osteoarthritis Initiative (OAI), a multicenter prospective natural his-
tory study investigating the development and progression of knee 
OA. OAI study design and eligibility criteria have been described 
in detail elsewhere (10). The OAI recruited 4,796 men and women 
ages 45 to 79 years with or at high risk of developing symptomatic 
radiographic knee OA. Approval was obtained from the institutional 
review board at each participating OAI site and at Northwestern 
University (Chicago, Illinois), and written informed consent was 
obtained from each participating subject. For this analysis, we 
used OAI public data from the baseline and 2- year follow- up visit.

We examined the 2,540 participants with baseline radio-
graphic knee OA, defined as Kellgren/Lawrence (K/L) grade ≥2. 
The analysis cohort was limited to 2,527 participants who contrib-
uted baseline gait speed data (2,527 for 20- meter walk gait speed 
and 2,425 for 400- meter walk gait speed). Among these partici-
pants, 2,220 contributed 2- year follow- up gait speed data (2,220 
for 20- meter walk gait speed and 1,939 for 400- meter walk gait 
speed).

Gait speed. Functional performance was measured by gait 
speed, including a 20- meter walk and a 400- meter walk. The 
20- meter walk is used in many epidemiologic studies to mea-
sure functional performance and is a standard outcome measure 
for OA (11,12). Participants were instructed to walk at their usual 
walking pace over a 20- meter course in an unobstructed, dedi-
cated corridor. Assistive devices such as a cane were permitted. 
We calculated the 20- meter gait speed measured in meters/min-
ute. OAI data are the average of the two 20- meter walk trials if a 
participant finished both trials. The 20- meter walk was performed 
annually at OAI study visits.

The 400- meter walk assesses physical endurance and fit-
ness in addition to a participant’s ability to walk. The long- distance 
corridor walk has been shown to predict subsequent mobility lim-
itations, disability, cardiovascular disease onset, and mortality in 
older adults (13). Participants received instructions to walk 20 laps 
of a 20- meter course in an unobstructed, dedicated corridor at 
a maintainable pace. Assistive devices and standing rests were 
permitted. Gait speed for the 400- meter walk test was calculated 
in meters/minute. The 400- meter walk was performed biennially 
at OAI study visits. Data from incomplete performance tests were 
not used.

Distribution- based analyses. Distribution- based esti-
mates rely on the statistical distribution of the outcome of inter-
est (gait speed). We used 3 distribution- based techniques: 1) 
the standard error of measurement (SEM), 2) 0.5 times the SD 
of change (14), and 3) 0.5 times the SD of the baseline mea-
surement. The SEM is a measure of precision of the scale and 
can be interpreted as the smallest difference or change likely 
to reflect a true difference or change rather than measurement 
error. It reflects the minimally detectable difference in a scale. 
The SEM is defined as SD

baseline

√

1 − ICC, where SDbaseline is the 
SD of data collected at baseline evaluation, and ICC is the intra-
class correlation coefficient, which measures test– retest reliability 
(15). The ICC for the 20- meter walk was estimated from test– 
retest in- house baseline data (ICC = 0.90, data not shown). The 
ICC for the 400- meter walk test was obtained from the literature 
(ICC = 0.95) (16). We calculated the SEM and 0.5 times the SD 
using baseline data for both gait speeds. We used longitudinal 
data (SD of change from baseline to follow- up) to estimate the 
SD of change over 2 years.

SIGNIFICANCE & INNOVATIONS
• This study provides estimates of the important 

difference in gait speed among adults with knee 
osteoarthritis for the 20- meter walk and for the 
400- meter walk.

• Prior studies have investigated the important dif-
ference of functional performance measures such 
as gait speed among older adults in the general 
population. This is the first article to look at impor-
tant differences in gait speed among adults with 
rheumatic disease who may have pain and stiffness 
that interferes with function.

• Findings from this study provide benchmarks for 
assessing and understanding functional perfor-
mance outcomes such as gait speed among individ-
uals with radiographic knee osteoarthritis. These 
importance differences can be used as references 
to design future studies to assess function in indi-
viduals with arthritis who are at elevated risk for 
decline in function.
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Anchor- based analyses. Anchor- based methods com-
pare an independent measurement to gait speed. Anchors can 
be cross- sectional, comparing gait speed between clinically dis-
tinct groups, or longitudinal, comparing change in gait speed with 
change in an independent measure. We considered an anchor 
usable if the sample size was ≥10 for each clinically distinct group, 
the correlation between the anchor and gait speed was ≥0.3, and 
the corresponding effect size was within a plausible range of 0.2– 
0.8 (17). We examined clinically meaningful anchors, measured by 
the patient- reported Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC) physical function measure, by the 
patient- reported Medical Outcomes Study Short Form 12 physi-
cal component summary physical function measure (SF- 12 func-
tion), and by a chair stand performance rate objective test of lower 
extremity function, examining differences in gait speed between 

tertiles for each anchor (18). WOMAC was modified to ask about 
right and left knee symptoms separately. We calculated person- 
level scores using the more symptomatic of the 2 knees. WOMAC 
function scores range from 0 (best function) to 68 (worst function). 
SF- 12 function ranges from 0 (worst function) to 100 (best func-
tion) (19). Chair stand performance rate (stands/minute) was cal-
culated from the time required to complete 5 repetitions of rising 
from a chair and sitting down (20). These measures were assessed 
at baseline and at 2- year follow- up. In the longitudinal analyses, 
we calculated the difference in change in gait speed over 2 years 
among individuals who had a substantive anchor improvement or 
decline compared to those who did not change substantively for 
WOMAC function, SF- 12 function, and chair stand rate. We con-
sidered an anchor change to be substantive if it exceeded one- half 
of the baseline anchor SD. We summarized the gait speed anchor- 
based important differences estimates by calculating the mini-
mum, maximum, median, 25th percentile, and 75th percentile (17). 
All analyses were performed using SAS software, version 9.4. A 
nominal 5% alpha significance level was used in the statistical tests.

RESULTS

Participant characteristics. As shown in Table 1, the majority 
of the analyzed sample was female (58%) with mean ± SD age 
of 62.6 ± 9.0. Most participants were either overweight (39%) or 
obese (45%). Almost half (46%) had severe baseline knee OA (K/L 
grade = 3 or 4). Mean ± SD gait speed was 78.7 ± 12.9 meters/
minute for the 20- meter walk and 77.8 ± 13.0 meters/minute for 
the 400- meter walk. Figure 1 shows the distribution of gait speed 
at baseline for both the 20- meter and the 400- meter walk.

Calculation of the important difference. Table 2 sum-
marizes distribution- based important difference estimates. The 
important difference ranged from 4.1 to 6.4 meters/minute for the 
20- meter walk and 2.9 to 6.5 meters/minute for the 400- meter walk.

Anchors, per prespecified cross- sectional criteria, were 
each related to baseline gait speed by Pearson’s correlation 

Table 1. Baseline characteristics of the participants*

Characteristic
All participants  

(n = 2,527)
Age, years 62.6 ± 9.0
Female, % 57.8
Body mass index (kg/m2), % (n = 2,523)

<25 16.6
Overweight (≥25 to <30) 38.8
Obese (≥30) 44.6

Kellgren/Lawrence grade, %†
2 53.6
3 35.0
4 11.4

WOMAC function (n = 2,521)‡ 12.9 ± 12.7
SF- 12 function (n = 2,499)§ 47.7 ± 9.3
Chair stand rate, stands/second (n = 2,382) 0.5 ± 0.1
20- meter gait speed, meters/minute 78.7 ± 12.9
400- meter gait speed, meters/minute (n = 2,425) 77.8 ± 13.0

* Values are the mean ± SD unless indicated otherwise. SF-12 =  
Medical Outcomes Study Short Form 12 physical component 
summary; WOMAC = Western Ontario and McMaster Universities 
Osteoarthritis Index. 
† Range 0– 4 (0 = no radiographic knee osteoarthritis [OA] and 4 = 
most severe radiographic knee OA).  
‡ WOMAC: range 0 (best function) to 68 (most functional limitations). 
§ SF- 12: range 0 (worst function) to 100 (best function). 

Figure 1. Histograms showing baseline gait speed for the 20- meter walk (left; n = 2,527 participants) and the 400- meter walk (right; n = 2,425 
participants). m/m = meters per minute.
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coefficients >0.3, with a sample size >10 for all anchor- based 
groups. Table 3 shows cross- sectional anchor- based gait speed 
differences, comparing individuals in the middle tertile to indi-
viduals in the best or worst tertile for each anchor and the cor-
responding effect size for each difference. Per the prespecified 
criteria, we only considered anchor- based important difference 
estimates to be usable if the gait speed differences had a cor-
responding effect size of 0.2– 0.8. Usable anchor- based cross- 
sectional gait speed important difference estimates ranged 
from 3.8 to 6.9 meters/minute for the 20- meter walk and 3.0 to 
6.9 meters/minute for the 400- meter walk. Anchors were also 
examined for prespecified longitudinal criteria. For all anchors, 
the correlations between a 2- year change in gait speed and a 
2- year change in WOMAC, SF- 12 function, and chair stand were 
all <0.2; thus, we did not consider the longitudinal anchor- based 
important differences to be usable (results not shown).

As with any empirically derived value, there is uncertainty and 
variability associated with important differences. To address this 

uncertainty, we provide ranges for important differences rather 
than single- point estimates. Figure 2 summarizes the usable 
anchor- based important difference estimates (i.e., corresponding 
effect size 0.2– 0.8), including the minimum, maximum, median, 
25th percentile and 75th percentile. Combining results from 
distribution- based and anchor- based approaches, we found 
that the important difference for gait speed is between 4.1 and 
6.9 meters/minute for the 20- meter walk and between 2.9 and 
6.9 meters/minute for the 400- meter walk.

DISCUSSION

The objective of this study was to estimate meaningful 
prevalent (cross- sectional) and longitudinal differences in func-
tional performance among people with radiographic knee OA 
using 20- meter and 400- meter walk tests. We used 3 differ-
ent distribution- based techniques providing important differ-
ence estimates, with a range of 4.1– 6.4 meters/minute for the 

Table 2. Distribution- based important difference estimates of gait speed*

Methods

Important  
difference  
calculation

20-meter gait speed, 
meters/minute  

(n = 2,527)

400-meter gait speed, 
meters/minute  

(n = 2,425)
SEM†

SD
baseline

√

1 − ICC
4.1 2.9

Change SD 0.5 × SD∆ 4.3‡ 3.9§
Baseline SD 0.5 × SDbaseline 6.4 6.5

* ICC = intraclass correlation coefficient; SEM = standard error of measurement; SDbaseline = SD of baseline 
gait speed; SD∆ = SD of change in gait speed from baseline to 2-year follow- up evaluation. 
† Test– retest reliability: ICC = 0.90 for 20- meter gait speed, and ICC = 0.95 for 400- meter gait speed. 
‡ n = 2,220. 
§ n = 1,939. 

Table 3. Cross- sectional anchor- based important difference estimates of gait 
speed*

Anchor

Mean difference, 
meters/minute Effect size

Best vs. 
middle†

Middle 
vs. worst†

Best vs. 
middle

Middle 
vs. worst

20- meter gait speed
WOMAC function (n = 2,521) 2.2 6.9‡ 0.19 0.56
SF- 12 function (n = 2,499) 5.4‡ 6.4‡ 0.48 0.51
Chair stand rate (n = 2,382) 3.8‡ 6.6‡ 0.33 0.56

400- meter gait speed
WOMAC function (n = 2,420) 3.0‡ 6.2‡ 0.25 0.49
SF- 12 function (n = 2,399) 5.7‡ 5.7‡ 0.49 0.45
Chair stand rate (n = 2,293) 4.6‡ 6.9‡ 0.39 0.58

* SF- 12 = Medical Outcomes Study Short Form 12 physical component summary: range 
0 (worst function) to 100 (best function); WOMAC = Western Ontario and McMaster 
Universities Osteoarthritis Index: range 0 (best function) to 68 (most functional 
limitations). 
† Difference in gait speed between individuals in the best tertile and middle tertile for 
each anchor and for individuals in middle and worst tertile for each anchor. 
‡ Important difference was considered usable (sample size ≥10, correlation between 
the anchor and gait speed ≥0.3, and corresponding effect size within a plausible range 
of 0.2– 0.8). 
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 20- meter walk and 2.9– 6.5 meters/minute for the 400- meter 
walk. We also used anchor- based techniques to estimate 
important differences in gait speed, resulting in a range of 3.8– 
6.9 meters/minute for the 20- meter walk and 3.0– 6.9 for the 
400- meter walk.

Little is known regarding what magnitude of physical perfor-
mance differences represents minimal but meaningful change, 
including among people with arthritis. Estimating meaningful dif-
ferences is important for designing well- powered studies. Several 
studies have investigated small meaningful longitudinal changes 
of gait speed based on short- distance walk tests among older 
adults (21– 23). But to our knowledge, this issue has not been 
addressed specifically for persons with rheumatic disease, for 
whom pain and stiffness may interfere with function. Important 
difference estimates for gait speed based on short walk tests 
range from approximately 3 to 10 meters/minute in older adult 
samples (21– 23). Our 20- meter walk important difference results 
(4.1– 6.9 meters/minute) in our population of individuals with 
knee OA were consistent with the important difference findings 
from these older populations. Two general population studies 
investigated important differences from long- distance walk test 
outcomes (21,22). However, those studies evaluated different 
performance metrics from our 400- meter gait speed outcomes, 
which prevented direct comparison of the important difference 
estimates.

The few studies in arthritis cohorts investigating the magni-
tude of meaningful differences in performance did not evaluate 
important differences. One study using data from patients with 
hip OA was designed to evaluate performance differences in walk 
and chair stand tests related to substantial changes in patient- 
reported outcomes (e.g., “a great deal better” or “a very great deal 
better”) (24), but this study did not provide insight into the magni-
tude of differences that may be important. A second study among 
older adults waiting for hip or knee replacement surgery evalu-
ated changes in performance measures deemed beyond mea-
surement error (25), but no criteria were provided to evaluate the 
clinical or patient- relevance of the estimate. In this study, we used 

both distribution- based and anchor- based analyses to evaluate 
clinical importance.

Our study has some limitations. First, the OAI is not a prob-
ability sample and its participants met many exclusion criteria. 
This fact may limit generalizability to studies including a population 
with a significantly different distribution of baseline gait speed, for 
example a population recruited for a clinical trial with knee pain 
but not limited to radiographic knee OA. However, OAI partici-
pants are recruited from multiple geographic sites using recruit-
ment targets balanced for age and sex groups and represent a 
broad spectrum of radiographic knee OA. Second, we were not 
able to calculate longitudinal anchor- based important differences 
because the correlation between 2- year change in gait speed 
and 2- year change in clinical anchors was low, making the results 
unusable.

Finally, because our results estimate important differences 
in prevalent gait speed between groups, individual patients may 
perceive meaningful clinical benefit at levels that are greater or 
less than the important differences found in this study; this differ-
ence may be more pronounced for individuals who have base-
line gait speed on either extreme (very fast gait or very slow gait, 
including those unable to complete a baseline walk test). Our 
results only included individuals who completed either the 20- 
meter or 400- meter baseline walk test and may not be general-
izable to groups where a large number of individuals were unable 
to complete a baseline walk test. Strengths of our study include 
using established distribution- based and anchor- based methods 
to estimate a range of clinically important differences and a large 
natural- history cohort. Although distribution- based approaches 
are simple to estimate and account for change beyond ran-
dom variation, they provide no direct information regarding the 
interpretation or importance of the observed differences. The 
anchor- based approach provides clinical context in relation to 
pain and function to estimate important differences that are clini-
cally meaningful.

Estimation of gait speed important differences provides pre-
viously unavailable criteria for evaluating patient- group differences 

Figure 2. Summary of usable anchor- based important difference estimates. An anchor was considered usable if the sample size was ≥10, the 
correlation between the anchor and gait speed was ≥0.3, and the corresponding effect size was within a plausible range of 0.2– 0.8.
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in functional performance. These important difference estimates 
will be useful for performing sample size calculations when plan-
ning clinical trials to compare differences between groups who 
receive different interventions and will also improve interpretation 
of results of clinical trials and epidemiologic studies comparing 
different groups with different exposures. We anticipate that the 
choice of an important difference will depend on the nature of 
the study. For example, a low- cost intervention with minimal 
expected risks would benefit from a smaller important difference 
of 4– 5 meters/minute for the 20- meter walk and 3– 4 meters/
minute for the 400- meter walk, while for an intervention that has 
the potential for serious adverse events or requires significant 
resources, a larger important difference estimate of 5– 7 meters/
minute should be used for both the 20- meter and the 400- meter 
walk. While these estimates are based on meaningful group 
differences, for determining a meaningful clinical change in an 
individual, we recommend selecting a value closer to 7 than 
3 meters/minute.

This is the first report of important differences in gait speed 
among adults with rheumatic disease, who may have pain and 
stiffness that interferes with physical function, including walking. 
The important difference in gait speed, based on both distribution- 
based and anchor- based estimates, lies between 4.1 and 
6.9 meters/minute for the 20- meter walk and 2.9 and 6.9 meters/
minute for the 400- meter walk. Findings from this study provide 
references for the design of future studies to assess function in 
arthritis populations.
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Knee Osteoarthritis, Potential Mediators, and Risk of 
All- Cause Mortality: Data From the Osteoarthritis Initiative
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Objective. To assess the relation of symptomatic knee osteoarthritis (OA), knee pain, and radiographic knee OA 
to all- cause mortality and to identify mediators in the causal pathway.

Methods. Participants from the Osteoarthritis Initiative were divided into 4 groups: 1) symptomatic knee OA (i.e., 
both radiographic knee OA [Kellgren/Lawrence grade ≥2] and knee pain); 2) knee pain only; 3) radiographic knee OA 
only; and 4) neither radiographic knee OA nor knee pain. We examined the relation of knee OA status to all- cause 
mortality using a multivariable Cox proportional hazards model and assessed the extent to which the association 
was mediated by disability, physical component summary (PCS) and mental component summary (MCS) scores for 
quality of life (QoL), and use of oral pain- relief medications (i.e., nonsteroidal antiinflammatory drugs and opioids).

Results. Among 4,796 participants, 282 died over the 96- month follow- up period. Compared with those with 
neither radiographic knee OA nor knee pain, multivariable- adjusted hazard ratios (HRs) of mortality were 2.2 (95% 
confidence interval [95% CI] 1.6– 3.1) for symptomatic knee OA, 0.9 (95% CI 0.6– 1.4) for knee pain only, and 2.0 (95% 
CI 1.4– 2.9) for radiographic knee OA only, respectively. Indirect effects (HRs) of symptomatic knee OA on mortality via 
disability and PCS of QoL were 1.1 (95% CI 1.0– 1.4) and 1.2 (95% CI 1.0– 1.4), respectively. No apparent mediation 
effect was observed through either MCS of QoL or oral pain- relief medications use.

Conclusion. Participants with either symptomatic or radiographic knee OA were at an increased risk of all- cause 
mortality. Increased risk of mortality from symptomatic knee OA was partially mediated through its effect on disability 
and PCS of QoL.

INTRODUCTION

Osteoarthritis (OA) is the most common joint disorder (1,2), 
affecting ~10% of men and 18% of women ages ≥60 years 
around the world (3,4). Several studies also found that, besides 
their tremendous impact on morbidity and disability (5,6), knee or 
hip OA were associated with an increased risk of all- cause mor-
tality (7– 14).

The mechanisms linking OA to mortality are not clearly 
 understood. Such knowledge, however, has an important clinical 
implication because it would guide us to develop a more efficient 
intervention program that specifically targets a particular mech-
anism for the outcome. To our knowledge, only 2 studies have 
explored the potential mechanisms linking OA to all- cause mor-
tality (11,12). The studies showed that an increased risk of all- 
cause mortality from OA was partly mediated through its effect on 
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either walking disability (11) or physical function impairment (12); 
but none of them found that an increased all- cause mortality was 
mediated through nonsteroidal antiinflammatory drugs (NSAIDs) 
use, a potential risk factor for an increased risk of mortality in either 
cardiovascular or gastrointestinal diseases (15,16). In both stud-
ies, however, potential mediators were either assessed at baseline 
or at the end of follow- up; thus, the time sequence from knee OA 
status to mediators to death was not clearly delineated.

To fill this knowledge gap, we examined the relation of knee 
OA status (i.e., symptomatic knee OA, knee pain only, radio-
graphic knee OA only, and knee with neither radiographic OA nor 
pain) to the risk of all- cause mortality among participants in the 
Osteoarthritis Initiative (OAI). In addition, we assessed the extent 
to which 3 putative mediators, i.e., disability, quality of life (QoL), 
and oral pain- relief medications (i.e., NSAIDs and opioids) may 
impact the effect of OA on the risk of all- cause mortality.

MATERIALS AND METHODS

Study design and subjects. The OAI is a multicenter 
observational study of the natural history of OA and its risk factors. 
Individuals ages 45– 79 years were recruited from 4 clinical sites: 
Baltimore, Maryland; Pittsburgh, Pennsylvania; Pawtucket, Rhode 
Island; and Columbus, Ohio. Data from each participant were col-
lected at baseline and at each annual follow- up visit. A detailed 
description regarding the rationale and approach of OAI can be 
found at https://nda.nih.gov/oai/about - oai. This study received 
approval from the Institutional Review Board at each OAI site, and 
participants gave written informed consent.

Assessment of knee OA and pain. Weight- bearing, sem-
ifixed, posteroanterior knee radiographs were obtained using a 
standard protocol. All radiographs were read by both a musculo-
skeletal radiologist and a rheumatologist. If there was a disagree-
ment as to whether the knee had radiographic OA, the reading 
was adjudicated by a panel of 3 experienced readers, including 

the 2 who originally read the radiographs and another rheumatol-
ogist. A consensus reading was reached when at least 2 of the 3 
readers agreed. A knee was defined as having radiographic OA 
if its Kellgren/Lawrence grade was ≥2. Knee pain (absent/pres-
ent) was based on self- report of whether the participant had pain, 
aching, or stiffness in their right or left knee on most days for at 
least 1 month within the past year. This definition of knee pain 
has been employed previously using data from the OAI (17) and 
in combination with radiographic knee OA to define symptomatic 
knee OA (18).

Participants were categorized into 4 groups: 1) symptomatic 
knee OA, i.e., at least 1 knee having both radiographic OA and 
pain; 2) knee pain only, i.e., at least 1 knee having pain, but neither 
knee having both pain and radiographic OA; 3) radiographic knee 
OA only, i.e., at least 1 knee having radiographic OA, but neither 
knee having pain; or 4) knee with neither radiographic OA nor pain. 
We assigned a participant into 1 of the 4 categories based on the 
following order: symptomatic knee OA, knee pain only, radiographic 
knee OA only, and knee with neither radiographic OA nor pain. For 
example, a participant was assigned to the knee pain only category 
if s/he had radiographic OA in 1 knee, had pain in the contralateral 
knee, but had no knee with both radiographic OA and pain.

Assessment of all- cause mortality and of potential 
confounders. All- cause mortality, hereafter referred to as mor-
tality, during the 96- month follow- up period was confirmed and 
adjudicated based on autopsy report, coroner’s report, death 
certificate, National Death Index, obituary, or the Social Security 
Death Index (19).

Information on age, sex, race, height, weight, education level, 
weekly alcohol consumption, smoking habits, history of knee 
injury, comorbidities, depressive symptoms, and widespread pain 
were obtained at baseline. Body mass index (BMI) was computed 
as weight (kg)/height (m2). The modified Charlson comorbidity 
index was computed based on self- reported comorbidities (20), 
and the presence of depressive symptoms was classified using 
a score of ≥16 on the Center for Epidemiologic Studies Depres-
sion Scale (21). Widespread pain was defined as pain above and 
below the waist, pain on the right and left sides of the body, and 
axial pain based on a standard homunculus (22).

Assessment of mediators. Three putative mediators 
were assessed at the closest follow- up visit prior to death, or prior 
to the last follow- up visit if the participant was lost to  follow- up, or 
prior to the end of follow- up (i.e., 96- month follow- up visit). These 
included: 1) disability, measured by the physical function subscale 
(range 0– 68) of the Western Ontario and McMaster Universities 
Osteoarthritis Index (23); 2) physical component summary (PCS) 
and mental component summary (MCS) scores of QoL (range 
0– 100), assessed with the 12- item Short Form health survey, i.e., 
PCS of QoL, and MCS of QoL (24,25); and 3) information on 
the use of oral pain- relief medications (i.e., NSAIDs and opioids) 

SIGNIFICANCE & INNOVATIONS
• Both symptomatic knee osteoarthritis (OA) and 

radiographic knee OA were associated with an in-
creased risk of all- cause mortality.

• These findings underscore the importance of devel-
oping appropriate preventive and treatment strate-
gies to reduce the risk of knee OA.

• The increased risk of all- cause mortality from symp-
tomatic knee OA was mediated through disability 
and the physical component summary of quality of 
life (QoL), suggesting that more efforts should fo-
cus on improving function and QoL to reduce all- 
cause mortality among patients with symptomatic 
knee OA.

https://nda.nih.gov/oai/about-oai
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that was collected on questionnaires in the OAI database. Partic-
ipants were asked whether they had used prescription or over- 
the- counter medications (acetaminophen, NSAIDs, coxibs, and 
opioids) for joint pain or arthritis more than one- half of the days of 
the month, in the past 30 days (26).

Statistical analysis. Person- years of follow- up for each 
participant were computed as the amount of time from the date 
of the baseline examination to the date of death, the last date 
of contact, or the end of follow- up (i.e., the 96- month follow- up 
visit). Mortality rates for each knee OA category were calculated 
by dividing the number of deaths by the number of person- years 
of follow- up. We fitted a Cox proportional hazards model to deter-
mine the relation of knee OA status at baseline to the risk of mor-
tality. In the multivariable Cox proportional hazards model, we 
adjusted for baseline age, sex, race, BMI, education level, weekly 
alcohol consumption, smoking status, history of knee injury, mod-
ified Charlson comorbidity index, depressive symptoms, and 
widespread pain. We tested the proportional hazards assumption 
using the Kolmogorov- type supremum test.

We used a marginal structural model to assess the extent 
to which the association between knee OA status and mortality 
(i.e., total effect) was mediated through each of the putative medi-
ators (27). Specifically, we decomposed the total effect of knee 
OA status on mortality into 2 components: 1) the indirect effect 
(or mediated effect), i.e., the effect of knee OA status on mortal-
ity mediated through each of the 3 mediators, i.e., disability, PCS/
MCS of QoL, and oral use of pain- relief medications; and 2) the 

direct effect, i.e., the effect of knee OA status on mortality that was 
not through a specific aforementioned mediator. In addition, we 
estimated the percentage of the total effect that was mediated via 
each mediator using the following formula:

We conducted 2 sensitivity analyses to assess the robust-
ness of our study findings. First, we used a new algorithm to 
define knee OA status at baseline according to the following 
order: symptomatic knee OA, radiographic knee OA only, knee 
pain only, and knee with neither radiographic OA nor pain. For 
example, a participant was assigned to the radiographic knee OA 
only category if s/he had radiographic OA in 1 knee, had pain 
in the contralateral knee, but had neither knee with both radio-
graphic OA and pain; whereas a participant was assigned to the 
knee pain only category if s/he had knee pain in at least 1 knee 
but had neither knee with radiographic OA. Participants who were 
assigned to the symptomatic knee OA category (i.e., at least 1 
knee having both radiographic OA and pain) or to the knee with 
neither radiographic OA nor pain category based on the previous 
algorithm did not change their knee OA status. Second, consid-
ering that the knee OA status of a participant may change during 
the follow- up period, we used the knee OA status right before 
the mediators were assessed. For example, if a participant with 
neither radiographic knee OA nor pain at baseline developed radi-
ographic knee OA at the 24- month follow- up visit, and this person 

[

(indirect effect−1)×direct effect
]

∕ (indirect effect×direct effect−1)×100% (28) .

Table 1. Characteristics of included participants (n = 4,499)*

Characteristic
Overall

(n = 4,499)

Neither radiographic
knee OA nor knee pain

(n = 1,139)

Radiographic
knee OA only

(n = 1,117)

Knee pain
only

(n = 856)

Symptomatic
knee OA

(n = 1,387)

Age, mean ± SD years 61.2 ± 9.2 60.1 ± 9.1 64.0 ± 8.8 58.3 ± 8.9 61.5 ± 9.0
Women 58.1 58.1 59.4 58.4 56.8
Nonwhite 18.8 11.4 14.6 21.6 29.8
College graduate or above 60.3 68.3 63.3 59.4 51.8
Smoking status

Never 79.5 79.2 80.5 79.6 78.9
Former 17.3 17.4 16.9 16.9 17.9
Current 3.2 3.5 2.6 3.6 3.2

Drinking status
None 18.9 15.3 17.4 21.1 21.7
<1 drink/week 37.7 36.5 38.7 36.9 38.4
1– 21 drinks/week 41.9 46.5 42.0 40.8 38.6
>21 drinks/week 1.6 1.8 1.9 1.2 1.3

BMI, mean ± SD kg/m2 28.6 ± 4.8 26.9 ± 4.4 29.0 ± 4.6 27.8 ± 4.6 30.2 ± 4.6
Comorbidity score, mean ± SD 0.4 ± 0.8 0.3 ± 0.7 0.4 ± 0.8 0.4 ± 0.8 0.5 ± 0.9
Depression score, mean ± SD 6.5 ± 6.9 5.4 ± 5.9 5.4 ± 5.9 7.3 ± 7.1 7.7 ± 7.8
History of knee injury 43.4 32.3 46.0 40.2 52.0
Widespread pain 4.5 2.5 2.4 6.3 6.9
Disability score, mean ± SD 9.5 ± 11.7 4.1 ± 7.1 6.5 ± 9.0 10.0 ± 11.5 16.0 ± 13.6
PCS of QoL, mean ± SD 47.7 ± 9.7 50.7 ± 8.4 48.9 ± 8.9 47.7 ± 9.8 44.0 ± 10.0
MCS of QoL, mean ± SD 53.7 ± 8.5 54.1 ± 7.7 54.4 ± 7.8 53.1 ± 8.7 53.3 ± 9.3
Oral pain medications use 31.7 21.8 28.0 31.2 43.2
Death 6.3 6.3 6.5 5.0 6.9

* Values are the % unless indicated otherwise. BMI = body mass index; MCS = mental component summary score of the Short Form 12 
health survey; OA = osteoarthritis; PCS = physical component summary score of the Short Form 12 health survey; QoL = quality of life. 
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did not develop knee pain since then, his/her knee OA status was 
assigned to the radiographic knee OA only category, and his/her 
follow- up time would start from the date of the 24- month follow- up 
visit. Data on confounders were also updated using the informa-
tion collected at the closest follow- up visit prior to the assessment 
of knee OA status. We then took the same approach as described 
above to examine the relation of each of the OA statuses derived 
from these 2 new definitions to the risk of mortality and estimate 
its direct and indirect effects through each mediator. All statistical 
analyses were performed using SAS, version 9.3.

RESULTS

Of the 4,796 participants at baseline, 6.2% (n = 297) did not 
have adequate data for assessment of either radiographic knee 
OA or knee pain; thus, they were excluded from the analyses. Of 
the remaining, 31% (n = 1,387) of the participants had sympto-
matic knee OA, 19% (n = 856) had knee pain only, 25% (n = 1,117) 
had radiographic knee OA only, and 25% (n = 1,139) had neither 
radiographic knee OA nor knee pain. Compared with those with 
neither radiographic knee OA nor knee pain, participants with 
symptomatic knee OA were more likely to be nonwhite and had a 
lower percentage of college education, higher BMI and disability 
scores, more comorbidities, depressive symptoms, widespread 
pain, knee injury history, and oral pain medications use. They also 
had lower PCS and MCS of QoL (Table 1).

During the 96- month follow- up period, 282 deaths occurred 
(Table 2). Participants with symptomatic knee OA had the high-
est mortality rate (15.7 per 1,000 person- years), followed by those 
with radiographic knee OA only (14.1 per 1,000 person- years) and 
those with neither radiographic knee OA nor knee pain (9.4 per 
1,000 person- years). Participants with knee pain only had the low-
est  mortality (7.9 per 1,000 person- years). Compared with those 
with neither radiographic knee OA nor knee pain, the multivariable- 
adjusted hazards ratios (HRs) and their 95% confidence intervals 
(95% CIs) of mortality were 2.2 (95% CI 1.6– 3.1), 0.9 (95% CI 0.6– 
1.4), and 2.0 (95% CI 1.4– 2.9) for the participants with sympto-
matic knee OA, knee pain only, and radiographic knee OA only, 
respectively.

As shown in Table 2 and Figure 1, the indirect effect (HR) 
of symptomatic knee OA on mortality through PCS of QoL was 
1.2 (95% CI 1.0– 1.4), and the percentage of mediation was 
26.5%. The indirect effect of symptomatic knee OA on mortality 
via disability was almost statistically significant (HR 1.1 [95% CI 
1.0– 1.4]; percentage of mediation 22.4%). No apparent media-
tion effect was observed via either MCS of QoL or the use of oral 
pain- relief medications. An increased risk of mortality observed 
among participants with radiographic knee OA only was mediated 
through none of 3 aforementioned mediators.

The sensitivity analysis with the new algorithm, where the 
order of “radiographic knee OA only” preceded that of “knee 
pain only” to define a participant’s knee OA status at baseline, 

Table 2. Total, direct, and indirect effect of radiographic knee osteoarthritis (OA) only, knee pain only, and symptomatic 
knee OA on all- cause mortality*

Neither radiographic
knee OA nor knee pain

(n = 1,139)

Radiographic
knee OA only

(n = 1,117)
Knee pain only

(n = 856)

Symptomatic
knee OA

(n = 1,387)
No. of deaths 72 72 43 95
Rate of deaths per 1,000 

person- years (95% CI)
9.4 (7.4– 11.8) 14.1 (11.1– 17.8) 7.9 (5.7– 10.6) 15.7 (12.7– 19.2)

Total effect 1.0 (ref.) 2.6 (1.8– 3.6) 0.9 (0.6– 1.3) 2.6 (1.9– 3.6)
Total effect† 1.0 (ref.) 2.0 (1.4– 2.9) 0.9 (0.6– 1.4) 2.2 (1.6– 3.1)
Disability score

Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.9 (0.7– 1.1) 1.9 (1.6– 2.3)
Indirect† 1.0 (ref.) 1.0 (0.9– 1.2) 1.0 (0.9– 1.2) 1.1 (1.0– 1.4)
Mediation effect, % – 2.0 Not same direction 22.4

PCS of QoL
Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.9 (0.7– 1.1) 1.9 (1.6– 2.2)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.1 (0.9– 1.3) 1.2 (1.0– 1.4)
Mediation effect, % – 0.0 Not same direction 26.5

MCS of QoL
Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.9 (0.7– 1.2) 2.2 (1.9– 2.6)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.0 (0.8– 1.2) 1.0 (0.8– 1.2)
Mediation effect, % – 0.0 Not same direction 0.0

Oral pain medications use
Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.9 (0.7– 1.1) 2.1 (1.7– 2.5)
Indirect† 1.0 (ref.) 1.0 (0.9– 1.2) 1.0 (0.9– 1.2) 1.1 (0.9– 1.3)
Mediation effect, % – 2.0 Not same direction 12.0

* Values are the hazard ratio (HR) (95% confidence interval [95% CI]) unless indicated otherwise. MCS = mental component 
summary score of the Short Form 12 health survey; PCS = physical component summary score of the Short Form 12 
health survey; QoL = quality of life; ref. = reference. 
† Adjusted for age, race, sex, body mass index, education level, weekly alcohol consumption, smoking habits, history of 
knee injury, comorbidities, depressive symptoms, and widespread pain. 
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showed that the results did not change materially (Table 3). 
When we used updated data to define knee OA status, partic-
ipants with symptomatic knee OA and those with radiographic 
knee OA only still experienced a higher risk of mortality than 
those with neither radiographic knee OA nor knee pain (Table 4). 
The multivariable- adjusted HRs were 2.0 (95% CI 1.4– 2.9) and 
1.7 (95% CI 1.2– 2.4), respectively. The indirect effects of sympto-
matic knee OA on mortality through PCS of QoL (HR 1.2 [95% CI 
1.0– 1.5]; percentage of mediation 38.9%) and disability (HR 1.7 

[95% CI 1.5– 2.0]; percentage of mediation 85.5%) were greater 
than those in previous findings. However, no apparent mediation 
effect was observed via either MCS of QoL or the use of oral 
pain- relief medications. The association between radiographic 
knee OA only and risk of mortality was mediated by none of 
the 3 aforementioned mediators. There was no statistically sig-
nificant relation of knee pain only to the risk of mortality; how-
ever, its direct and indirect effects via 2 mediators (i.e., disability 
score and PCS of QoL) showed an apparent opposite direction 

Figure 1. A directed acyclic graph to describe the mediation effect between symptomatic knee osteoarthritis (OA) and all- cause mortality. 
Indirect effect: effect of symptomatic knee OA on all- cause mortality through its effect on mediators (i.e., disability and the physical component 
summary [PCS] of quality of life [QoL]). Direct effect: effect of symptomatic knee OA on all- cause mortality not through its effect on mediators 
(i.e., disability and PCS of QoL). Total effect: sum of indirect and direct effects. Confounders: confounders of association between symptomatic 
knee OA and all- cause mortality (i.e., age, race, sex, body mass index, education level, weekly alcohol consumption, smoking habits, history of 
knee injury, comorbidities, depressive symptom, and widespread pain).

Table 3. Sensitive analysis (participants with discordant knee pain and radiographic knee osteoarthritis [OA] assigned to the 
radiographic knee OA only group)*

Neither radiographic
knee OA nor knee pain

(n = 1,139)

Radiographic
knee OA only

(n = 1,180)
Knee pain only

(n = 793)

Symptomatic
knee OA

(n = 1,387)
No. of deaths 72 75 40 95
Rate of deaths per 1,000 

person- years (95% CI)
9.4 (7.4– 11.8) 13.8 (10.9– 17.3) 7.8 (5.6– 10.6) 15.7 (12.7– 19.2)

Total effect 1.0 (ref.) 2.4 (1.7– 3.4) 0.9 (0.6– 1.3) 2.6 (1.9– 3.6)
Total effect† 1.0 (ref.) 2.0 (1.4– 2.8) 0.9 (0.6– 1.4) 2.2 (1.6– 3.1)
Disability score

Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.9 (0.7– 1.1) 1.9 (1.6– 2.3)
Indirect† 1.0 (ref.) 1.0 (0.9– 1.2) 1.0 (0.9– 1.2) 1.1 (1.0– 1.4)
Mediation effect, % – 2.0 Not same direction 22.4

PCS of QoL
Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.8 (0.6– 1.0) 1.9 (1.6– 2.2)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.1 (0.9– 1.3) 1.2 (1.0– 1.4)
Mediation effect, % – 0.0 Not same direction 26.5

MCS of QoL
Direct† 1.0 (ref.) 2.0 (1.7– 2.4) 0.9 (0.7– 1.1) 2.2 (1.9– 2.6)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.0 (0.8– 1.2) 1.0 (0.8– 1.2)
Mediation effect, % – 0.0 Not same direction Not same direction

Oral pain medications use
Direct† 1.0 (ref.) 2.0 (1.6– 2.4) 0.9 (0.7– 1.1) 2.1 (1.7– 2.5)
Indirect† 1.0 (ref.) 1.0 (0.9– 1.2) 1.0 (0.9– 1.2) 1.1 (0.9– 1.3)
Mediation effect, % – 3.9 Not same direction 12.0

* Values are the hazard ratio (HR) (95% confidence interval [95% CI]) unless indicated otherwise. MCS = mental component 
summary score of the Short Form 12 health survey; PCS = physical component summary score of the Short Form 12 health 
survey; QoL = quality of life; ref. = reference. 
† Adjusted for age, race, sex, body mass index, education level, weekly alcohol consumption, smoking habits, history of knee 
injury, comorbidities, depressive symptoms, and widespread pain. 
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when a participant’s knee OA status was defined right before 
the mediators were assessed, indicating a potential inconsist-
ent mediation.

DISCUSSION

Using the data collected from the OAI, we found that all- 
cause mortality among participants with either symptomatic or 
radiographic knee OA only was higher than that among those with 
neither knee OA nor knee pain; however, no such association was 
observed among participants with knee pain only. An increased 
risk of mortality observed among participants with symptomatic 
knee OA was partly mediated through its effect on either disability 
or PCS of QoL.

To date, at least 9 studies have examined the relation of knee 
OA to all- cause mortality (7– 11,13,14,29,30). Of those 9 studies, 
7 reported that knee OA was associated with an increased risk 
of mortality (7– 11,13,14). Of the studies that reported a positive 
association between knee OA and mortality, 4 (7– 9,11) showed 
that patients with symptomatic knee OA had an increased risk 
of mortality compared with those with neither radiographic knee 
OA nor knee pain; 2 studies (13,14) found that individuals with 
radiographic knee OA experienced a higher risk of mortality than 
those without radiographic knee OA; and 1 study reported an 
excess risk of mortality in individuals with either symptomatic or 
radiographic OA of the knee or hip compared with the general 

population (10). Our findings are consistent with those of previous 
studies, indicating that knee OA, regardless of symptomatic sta-
tus, was associated with an increased risk of all- cause mortality.

Several mechanisms linking knee and hip OA to an increased 
risk of mortality have been postulated, including physical function 
impairment (e.g., walking disability) and use of pain- relief medica-
tions (e.g., NSAIDs use). For example, results from the Wuchuan 
OA study showed that the relation of symptomatic knee OA to 
all- cause mortality was almost entirely (96.8%) mediated through 
its effect on walking disability (11). Similar findings were also 
observed in the Studies of Osteoporotic Fracture, although the 
percentage of the total effect of hip OA through the mediation 
of physical function was smaller (42.9%) (12). Our study found 
that 26.5% of the effect of symptomatic knee OA on the risk of 
all-cause mortality was mediated through poor physical function.

Interestingly, neither the Wuchuan OA study nor the Studies 
of Osteoporotic Fracture found that NSAIDs use, a potential risk 
factor for cardiovascular or gastrointestinal diseases, mediated 
the relation of OA to the risk of mortality. The lack of statistical 
power was also evident in the current study, which showed that 
only 12.0% of the effect of symptomatic knee OA on the risk of all-
cause mortality was mediated through use of oral pain relief medi-
cations (i.e., NSAIDs and opioids). Since participants recruited into 
the OAI consisted of those who had either knee OA or who were 
at an increased risk of knee OA (i.e., a high- risk population), use of 
NSAIDs and opioids was common even among the participants 

Table 4. Sensitive analysis (osteoarthritis [OA] status updated before mediators)*

Neither radiographic
knee OA nor knee pain

(n = 1,302)

Radiographic
knee OA only

(n = 1,462)
Knee pain only

(n = 525)

Symptomatic
knee OA

(n = 1,209)
No. of deaths 81 88 28 86
Rate of deaths per 1,000 

person- years (95% CI)
9.3 (7.4– 11.5) 12.8 (10.3– 15.7) 8.7 (5.8– 12.5) 15.8 (12.6– 19.5)

Total effect 1.0 (ref.) 2.0 (1.5– 2.7) 1.0 (0.6– 1.5) 2.4 (1.8– 3.3)
Total effect† 1.0 (ref.) 1.7 (1.2– 2.4) 0.9 (0.6– 1.3) 2.0 (1.4– 2.9)
Disability score

Direct† 1.0 (ref.) 1.7 (1.4– 2.0) 0.6 (0.5– 0.8) 1.1 (0.9– 1.4)
Indirect† 1.0 (ref.) 1.0 (0.9– 1.2) 1.4 (1.2– 1.6) 1.7 (1.5– 2.0)
Mediation effect, % – 2.4 Not same direction 85.5

PCS of QoL
Direct† 1.0 (ref.) 1.7 (1.5– 2.0) 0.7 (0.6– 0.9) 1.6 (1.4– 1.9)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.2 (1.0– 1.4) 1.2 (1.0– 1.5)
Mediation effect, % – 0.0 Not same direction 38.9

MCS of QoL
Direct† 1.0 (ref.) 1.7 (1.5– 2.0) 0.8 (0.7– 1.1) 2.0 (1.7– 2.4)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.0 (0.8– 1.2) 1.0 (0.8– 1.2)
Mediation effect, % – 2.4 Not same direction 0.0

Oral pain medications use
Direct† 1.0 (ref.) 1.7 (1.5– 2.0) 0.8 (0.6– 1.1) 1.9 (1.6– 2.3)
Indirect† 1.0 (ref.) 1.0 (0.8– 1.2) 1.1 (0.9– 1.3) 1.1 (0.9– 1.3)
Mediation effect, % – 2.4 Not same direction 11.4

* Values are the hazard ratio (HR) (95% confidence interval [95% CI]) unless indicated otherwise. MCS = mental component 
summary score of the Short Form 12 health survey; PCS = physical component summary score of the Short Form 12 health 
survey; QoL = quality of life; ref. = reference. 
† Adjusted for age, race, sex, body mass index, education level, weekly alcohol consumption, smoking habits, history of 
knee injury, comorbidities, depressive symptoms, and widespread pain. 
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with neither radiographic knee OA nor knee pain (21.8%), making 
it difficult to assess the indirect effect of symptomatic knee OA 
on all- cause mortality through use of oral pain- relief medications. 
Moreover, safety profiles of individual oral pain- relief medications 
varied considerably, with some pain- relief medications, such as 
naproxen, showing no or relatively low risk of all- cause mortality 
compared with nonuse of pain- relief medications (31,32). Since 
the OAI did not specifically collect the data for each individual use 
of pain- relief medication, we were unable to examine the media-
tion effect via each specific pain- relief medication. Further stud-
ies are needed to provide a more definitive examination of this 
association.

Although there was no apparent relation of knee pain only 
to the risk of all- cause mortality, we observed significantly incon-
sistent mediation effects of knee pain only on the risk of all- 
cause mortality via 2 mediators (i.e., disability score and PCS of 
QoL) when we used updated information to define a participant’s 
knee OA status. The exact biologic mechanisms for such a phe-
nomenon are not fully understood. We postulate that the effect 
of knee OA status on all- cause mortality not only depends on 
its symptoms, such as pain, but also depends on degenerative 
changes in joint structure, and the latter may represent, to some 
extent, the degenerative process of joint structure or other organs. 
A few studies reported that the telomere length was shorter in 
chondrocytes at the osteoarthritic lesion site in the knee than 
that in chondrocytes at the intact regions of cartilage in the same 
joint (33– 35), and telomere shortening has been linked to mor-
tality (36– 39), suggesting that structural change of radiographic 
knee OA might really impact mortality. In the current study, we 
also found that participants with radiographic knee OA only expe-
rienced higher all- cause mortality than those with neither radio-
graphic knee OA nor knee pain. This finding was consistent with 
other reports (13,14), although none of the aforementioned medi-
ators were able to explain the association.

Several characteristics of the current study are worth not-
ing. First, we used data from the OAI, a large and well- executed 
population- based cohort study, to examine the association 
between knee OA status and risk of mortality. The exposure 
variable (i.e., knee OA status), potential confounders, medi-
ators, and outcome variable (i.e., all- cause mortality) in the 
OAI were assessed using the validated methods. Second, the 
selected mediators were measured at the closest visit prior 
to death or to the final follow- up time point, ensuring the valid 
time sequence from knee OA status to mediators to death. 
Third, when potential misclassification of knee OA status was 
addressed in our sensitivity analysis, the associations of sympto-
matic knee OA and radiographic knee OA only in relation to mor-
tality became stronger, and the indirect effects of symptomatic 
knee OA through the disability and PCS of QoL mechanisms 
were also greater than in the findings based on knee OA sta-
tus assessed at baseline. Nevertheless, as in any observational 
epidemiologic study, we cannot rule out residual confounding, 

even if a number of potential confounders have been adjusted, 
including Charlson comorbidity index, depressive symptoms, 
and widespread pain. Moreover, data on cause- specific mortality 
were not collected in the OAI; thus, we were unable to examine 
the relation of knee OA status to the risk of cause- specific mor-
tality. In addition, detailed information on specific pain- relief med-
ications taken by the participants was not collected; thus, we 
were unable to examine the potential medication effect via the 
specific pain- relief medications.

In conclusion, participants with either symptomatic or radi-
ographic knee OA were at an increased risk of all- cause mor-
tality. The increased risk of mortality from symptomatic knee 
OA was partially mediated through its effect on disability and 
PCS of QoL.

ACKNOWLEDGMENTS

The contributions of the study participants in the OAI are gratefully 
acknowledged.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final version 
to be submitted for publication. Drs. Zeng and Zhang had full access to all 
of the data in the study and take responsibility for the integrity of the data 
and the accuracy of the data analysis.
Study conception and design. Wang, Zeng, Zhang.
Acquisition of data. Wang, Lu, Wei, Zeng, Zhang.
Analysis and interpretation of data. Wang, Nguyen, Lane, Lu, Wei, Lei, 
Zeng, Zhang.

REFERENCES
 1. GBD 2016 DALYs and HALE Collaborators. Global, regional, and 

national disability- adjusted life- years (DALYs) for 333 diseases 
and injuries and healthy life expectancy (HALE) for 195 countries 
and territories, 1990– 2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet 2017;390:1260– 344.

 2. GBD 2016 Disease and Injury Incidence and Prevalence 
Collaborators. Global, regional, and national incidence, prevalence, 
and years lived with disability for 328 diseases and injuries for 195 
countries, 1990– 2016: a systematic analysis for the Global Burden 
of Disease Study 2016. Lancet 2017;390:1211– 59.

 3. Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. 
Bull World Health Organ 2003;81:646– 56.

 4. Puig- Junoy J, Ruiz ZA. Socio- economic costs of osteoarthritis: a 
systematic review of cost- of- illness studies. Semin Arthritis Rheum 
2015;44:531– 41.

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

 6. Institute for Health Metrics and Evaluation. The global burden of 
disease: generating evidence, guiding policy. Seattle: Institute for 
Health Metrics and Evaluation; 2013. p. 1– 70.

 7. Cleveland RJ, Alvarez C, Schwartz TA, Losina E, Renner JB, Jordan 
JM, et al. The impact of painful knee osteoarthritis on mortality: a 
community- based cohort study with over 24 years of follow- up. 
Osteoarthritis Cartilage 2019;27:593– 602.

 8. Kluzek S, Sanchez- Santos MT, Leyland KM, Judge A, Spector 
TD, Hart D, et al. Painful knee but not hand osteoarthritis is an 



OA AND ALL- CAUSE MORTALITY |      573

independent predictor of mortality over 23 years follow- up of a 
population- based cohort of middle- aged women. Ann Rheum Dis 
2016;75:1749– 56.

 9. Liu Q, Niu J, Huang J, Ke Y, Tang X, Wu X, et al. Knee osteoar-
thritis and all- cause mortality: the Wuchuan Osteoarthritis Study. 
Osteoarthritis and Cartilage 2015;23:1154– 7.

 10. Nüesch E, Dieppe P, Reichenbach S, Williams S, Iff S, Jüni P. 
All cause and disease specific mortality in patients with knee or 
hip osteoarthritis: population based cohort study. BMJ 2011; 
342:d1165.

 11. Liu Q, Niu J, Li H, Ke Y, Li R, Zhang Y, et al. Knee symptomatic 
osteoarthritis, walking disability, NSAIDs use and all- cause mor-
tality: population- based Wuchuan Osteoarthritis Study. Sci Rep 
2017;7:3309.

 12. Barbour KE, Lui LY, Nevitt MC, Murphy LB, Helmick CG, Theis KA, 
et al. Hip osteoarthritis and the risk of all- cause and disease- specific 
mortality in older women: a population- based cohort study. Arthritis 
Rheum 2015;67:1798– 805.

 13. Tsuboi M, Hasegawa Y, Matsuyama Y, Suzuki S, Suzuki K, Imagama 
S. Do musculoskeletal degenerative diseases affect mortality and 
cause of death after 10 years in Japan? J Bone Miner Metab 
2011;29:217– 23.

 14. Mendy A, Park J, Vieira ER. Osteoarthritis and risk of mortal-
ity in the USA: a population- based cohort study. Int J Epidemiol 
2018;47:1821– 9.

 15. Kerr SJ, Rowett DS, Sayer GP, Whicker SD, Saltman DC, Mant 
A. All- cause mortality of elderly Australian veterans using COX- 2 
selective or non- selective NSAIDs: a longitudinal study. Br J Clin 
Pharmacol 2011;71:936– 42.

 16. Lee TA, Bartle B, Weiss KB. Impact of NSAIDS on mortality and the 
effect of preexisting coronary artery disease in US veterans. Am J 
Med 2007;120:98.e9– 16.

 17. Sattler M, Dannhauer T, Hudelmaier M, Wirth W, Sanger AM, Kwoh 
CK, et al. Side differences of thigh muscle cross- sectional areas and 
maximal isometric muscle force in bilateral knees with the same radi-
ographic disease stage, but unilateral frequent pain: data from the 
osteoarthritis initiative. Osteoarthritis Cartilage 2012;20:532– 40.

 18. Eckstein F, Maschek S, Wirth W, Hudelmaier M, Hitzl W, Wyman 
B, et al. One year change of knee cartilage morphology in the first 
release of participants from the Osteoarthritis Initiative progression 
subcohort: association with sex, body mass index, symptoms and 
radiographic osteoarthritis status. Ann Rheum Dis 2009;68:674– 9.

 19. Veronese N, Stubbs B, Noale M, Solmi M, Vaona A, Demurtas J, 
et al. Fried potato consumption is associated with elevated mortality: 
an 8- y longitudinal cohort study. Am J Clin Nutr 2017;106:162– 7.

 20. Katz JN, Chang LC, Sangha O, Fossel AH, Bates DW. Can comor-
bidity be measured by questionnaire rather than medical record 
review? Med Care 1996;34:73– 84.

 21. Radloff LS. The CES- D Scale: a self- report depression scale 
for research in the general population. Appl Psychol Meas 1977; 
1:385– 401.

 22. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, 
Goldenberg DL, et al. The American College of Rheumatology 1990 
criteria for the classification of fibromyalgia: report of the Multicenter 
Criteria Committee. Arthritis Rheum 1990;33:160– 72.

 23. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. 
Validation study of WOMAC: a health status instrument for meas-
uring clinically important patient relevant outcomes to antirheumatic 
drug therapy in patients with osteoarthritis of the hip or knee. J 
Rheumatol 1988;15:1833– 40.

 24. Ware JE, Kosinski M, Keller SD. SF- 12: how to score the SF- 12 
physical and mental health summary scales. Boston: The Health 
Institute, New England Medical Centre; 1995.

 25. Ware JE, Kosinski M, Keller SD. A 12- Item Short- Form health survey: 
construction of scales and preliminary tests of reliability and validity. 
Med Care 1996;34:220– 33.

 26. Nevitt MC, Felson DT, Lester G. The Osteoarthritis Initiative: protocol 
for the cohort study. The Osteoarthritis Initiative; 2006.

 27. Lange T, Vansteelandt S, Bekaert M. A simple unified approach 
for estimating natural direct and indirect effects. Am J Epidemiol 
2012;176:190– 5.

 28. VanderWeele TJ. Mediation analysis: a practitioner’s guide. Annu 
Rev Public Health 2016;37:17– 32.

 29. Turkiewicz A, Neogi T, Bjork J, Peat G, Englund M. All- cause mortality 
in knee and hip osteoarthritis and rheumatoid arthritis. Epidemiology 
2016;27:479– 85.

 30. Veronese N, Cereda E, Maggi S, Luchini C, Solmi M, Smith T, et al. 
Osteoarthritis and mortality: a prospective cohort study and systematic 
review with meta- analysis. Semin Arthritis Rheum 2016;46:160– 7.

 31. Coxib and traditional NSAID Trialists’ Collaboration, Bhala N, 
Emberson J, Merhi A, Abramson S, Arber N, et al. Vascular and 
upper gastrointestinal effects of non- steroidal anti- inflammatory 
drugs: meta- analyses of individual participant data from randomised 
trials. Lancet 2013;382:769– 79.

 32. Trelle S, Reichenbach S, Wandel S, Hildebrand P, Tschannen 
B, Villiger PM, et al. Cardiovascular safety of non- steroidal anti- 
inflammatory drugs: network meta- analysis. BMJ 2011;342:c7086.

 33. Piera- Velazquez S, Jimenez SA, Stokes D. Increased life span of 
human osteoarthritic chondrocytes by exogenous expression of tel-
omerase. Arthritis Rheum 2002;46:683– 93.

 34. Price JS, Waters JG, Darrah C, Pennington C, Edwards DR, Donell 
ST, et al. The role of chondrocyte senescence in osteoarthritis. Aging 
Cell 2002;1:57– 65.

 35. Zhai G, Aviv A, Hunter DJ, Hart DJ, Gardner JP, Kimura M, 
et al. Reduction of leucocyte telomere length in radiographic 
hand osteoarthritis: a population- based study. Ann Rheum Dis 
2006;65:1444– 8.

 36. Cawthon RM, Smith KR, O’Brien E, Sivatchenko A, Kerber RA. 
Association between telomere length in blood and mortality in peo-
ple aged 60 years or older. Lancet 2003;361:393– 5.

 37. Fitzpatrick AL, Kronmal RA, Kimura M, Gardner JP, Psaty BM, Jenny 
NS, et al. Leukocyte telomere length and mortality in the Cardiovascular 
Health Study. J Gerontol A Biol Sci Med Sci 2011;66:421– 9.

 38. Willeit P, Willeit J, Mayr A, Weger S, Oberhollenzer F, Brandstatter A, 
et al. Telomere length and risk of incident cancer and cancer mortal-
ity. JAMA 2010;304:69– 75.

 39. Weischer M, Bojesen SE, Cawthon RM, Freiberg JJ, Tybjaerg- 
Hansen A, Nordestgaard BG. Short telomere length, myocardial 
infarction, ischemic heart disease, and early death. Arterioscler 
Thromb Vasc Biol 2012;32:822– 9.



574  

Arthritis Care & Research
Vol. 73, No. 4, April 2021, pp 574–579
DOI 10.1002/acr.24160
© 2020, American College of Rheumatology

B R I E F  R E P O R T

Maternal Hypertensive Disorders in Pregnant Women With 
Systemic Lupus Erythematosus and Future Cardiovascular 
Outcomes
Julia F. Simard,1  Marios Rossides,2  Elizabeth V. Arkema,2 Elisabet Svenungsson,3  Anna- Karin Wikström,4 
Murray A. Mittleman,5 and Jane E. Salmon6

Objective. Hypertensive disorders of pregnancy (HDPs) increase cardiovascular disease (CVD) risk. Pregnancy 
morbidities, including preeclampsia and CVD, are common in systemic lupus erythematosus (SLE). Possible connections 
are important to explore. In a population- based cohort, we investigated whether HDPs are associated with a higher risk 
of cardiovascular outcomes separately in women with SLE and those without SLE to examine the role of SLE.

Methods. We identified first singleton births in the Medical Birth Register (1987– 2012) among mothers with SLE 
and a large general population comparison group. Discharge diagnoses for HDPs, cardiovascular outcomes, and 
hypertension in the National Patient Register were identified using International Classification of Diseases codes. We 
estimated adjusted hazard ratios and 95% confidence intervals of the association between HDPs and outcomes in 
separate models in women with and without SLE. We then evaluated additive and multiplicative effect modification 
using relative excess risk due to interaction and Cox models jointly accounting for SLE and HDPs, respectively. 
Mediation analysis estimated the proportion of the association between SLE and outcome explained by HDPs.

Results. HDPs were more common in pregnant women with SLE (20% versus 7%). In SLE, HDPs were associated 
with a 2- fold higher rate of cardiovascular outcomes and a 3- fold higher rate of incident hypertension. HDPs mediated 
20% of the latter association. In women without SLE, HDPs were associated with higher incidence of hypertension 
later in life.

Conclusion. In women with SLE and those without SLE, HDPs were associated with a 3- fold higher rate of 
hypertension. In SLE, women with HDPs developed cardiovascular outcomes twice as often as women without 
HDPs.

INTRODUCTION

Hypertensive disorders of pregnancy (HDPs), including 
preeclampsia, are associated with diffuse endothelial dysfunction, 
irreversible vascular damage, and increased arterial stiffness. Pre-
gestational vascular health, including hypertension, contributes 
to preeclampsia risk (1). HDPs broadly appear to increase cardi-
ovascular disease (CVD) incidence in women, and preeclampsia 

specifically has been associated with a higher incidence of car-
diovascular events, including stroke later in life (2– 4). Whether 
pregnancy is a stress test that unmasks endothelial vulnerability 
that manifests as HDPs, or whether the maternal hypertensive dis-
order itself causes damage leading to CVD is unknown (5).

Women with systemic lupus erythematosus (SLE) are at 
increased risk of CVD, including stroke (6). Hypertension and sys-
temic inflammatory disease, such as SLE, are well- established 
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risk factors for preeclampsia (1,7). The relationship between HDPs 
and future CVD is complex and may differ between women with 
and without SLE. In a population- based longitudinal cohort, we 
investigated whether HDPs are associated with a higher incidence 
of CVD and incident hypertension later in life in women with SLE 
compared with women without SLE.

MATERIALS AND METHODS

Study population. We identified all singleton pregnancies 
in the Swedish Medical Birth Register (MBR) among women with 
prevalent SLE and women from the general population compar-
ator (without SLE) from the population- based Swedish Lupus 
Linkage (SLINK) cohort (1987– 2012) (8). Briefly, SLINK identified 
each individual with SLE in the National Patient Register (NPR) 
and randomly selected 5 individuals from the general popula-
tion matching on sex, birth year, calendar time, and county of 
residence. The MBR includes almost all births at 22 completed 
gestational weeks or later in Sweden starting July 2008 (and at 
a minimum of 28 weeks before that). SLE was defined as ≥2 SLE 
International Classification of Diseases (ICD)– coded visits, with at 
least 1 code assigned before pregnancy from a specialist who 
typically manages or diagnoses SLE (rheumatology, internal med-
icine, nephrology, dermatology). Women from SLINK without SLE 
were included as non- SLE comparators. The primary analysis 
was restricted to first singleton pregnancies among nulliparous 
women for comparability with other studies (2,4). Women missing 
a maternal identification number and those with a pregestational 
history of cardiovascular outcomes were also excluded. In addi-
tion, women with pregestational hypertension were excluded, but 
only for analyses of incident hypertension.

HDPs. Discharge diagnoses for HDPs (including preeclamp-
sia) in the NPR were identified using ICD codes (see Supplemen-
tary Table 1, available on the Arthritis Care & Research website 
at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24160/ abstract). 
HDP exposure was based on the first pregnancy. Sensitivity 
analyses examining subsequent pregnancies used HDPs as a 

time- dependent covariate such that once a woman received an 
HDP diagnosis, future person- time was classified as exposed.

Cardiovascular outcomes. Incident outcomes included 
fatal and nonfatal acute myocardial infarction (AMI), fatal and non-
fatal stroke (ischemic, hemorrhagic, subarachnoid hemorrhage, or 
unspecified), transient ischemic attacks (TIA), unstable angina, and 
heart failure in the NPR, the Swedish Stroke Register (Riks- Stroke), 
and the Cause of Death Register (see Supplementary Table 1, 
available at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24160/ 
abstract). In addition to this primary composite outcome, we eval-
uated AMI and stroke separately. A secondary outcome, incident 
hypertension, was evaluated among those with no history of pre-
gestational hypertension. We required ≥1 visit for hypertension 
or ≥2 dispensations of antihypertensive medication ≥3 months 
postpartum (see Supplementary Table 1, available at http://onlin e   
library.wiley.com/doi/10.1002/acr.24160/ abstract). We performed 
2 additional sensitivity analyses with this secondary outcome. First, 
we required at least 1 ICD code for hypertension at least 3 months 
postpartum to reduce potential misclassification associated with 
antihypertensives prescribed to treat renal disease in SLE patients 
with nephritis. Second, we assessed whether antihypertensives 
prescribed to treat HDPs in a future pregnancy might be misclassi-
fied as our outcome of incident hypertension.

Covariates. We extracted maternal age at delivery, maternal 
country of birth (Nordic versus non- Nordic), and completed years 
of education at delivery (≤9, 10– 12, ≥13 years, or missing) from the 
MBR. Maternal body mass index (BMI) was derived using height 
and weight from the first antenatal visit and categorized according 
to the World Health Organization classification. Maternal smoking 
during the first trimester (yes, no, or missing) was self- reported 
in the MBR. Pregestational hypertension, diabetes mellitus, renal 
disease, and deep venous thrombosis and pulmonary embolism 
were defined as ≥1 discharge diagnosis from inpatient and outpa-
tient care or, as appropriate, ≥1 related medication dispensation 
from Swedish pharmacies based on the Prescribed Drug Register 
(see Supplementary Table 1, available at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24160/ abstract).

Follow- up. Individuals contributed person- time from first 
delivery date (1987 onwards) until the first of outcome, death, emi-
gration, or the end of the study (December 31, 2016). Emigration 
data were available through 2013. Sensitivity analyses restricted 
until the end of 2013 with and without emigration data for cen-
soring yielded nearly identical results. Therefore, we incorporated 
available emigration data and assumed that more recent missing 
emigration data were unlikely to bias the results.

Statistical analysis. Maternal characteristics includ-
ing medication use and pregestational comorbidities were com-
pared by SLE and HDP jointly. Cox models estimated hazard 

SIGNIFICANCE & INNOVATIONS
• This study revealed that women with systemic lupus 

erythematosus (SLE) and hypertensive disorders of 
pregnancy (HDPs) have a higher rate of cardiovas-
cular outcomes after pregnancy compared with 
women with SLE without maternal hypertension.

• Additionally, women with SLE experienced a higher 
incidence of hypertension later in life following HDPs.

• We could not confirm established associations be-
tween HDP and postpartum cardiovascular out-
comes in the general population, which may be due 
to the relatively short follow- up time, given that pre-
menopausal cardiovascular disease is uncommon.

http://onlinelibrary.wiley.com/doi/10.1002/acr.24160/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24160/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24160/abstract
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http://onlinelibrary.wiley.com/doi/10.1002/acr.24160/abstract
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ratios (HRs) and 95% confidence intervals (95% CIs) of the asso-
ciation between HDP and cardiovascular outcomes separately for 
pregnant women with and without SLE. They were adjusted for 
confounders and stratified by calendar year (1987– 1994, 1995– 
2002, and 2003– 2012).

In this study, we presented the results on effect measure modifi-
cation using the approach recommended by Knol and VanderWeele 
(9). To investigate effect measure modification on the multiplicative 
scale, we estimated the ratio of the effect of SLE within strata of 
HDPs (ratio of HRs) using an adjusted Cox model. We also assessed 
interaction on the additive scale by estimating the relative excess risk 
due to interaction (RERI) using the following formula:

Mediation analysis estimated the proportion of the association bet-
ween SLE and cardiovascular outcomes that is explained by HDPs  
in first pregnancy. In other words, we suspected that there are  
at least 2 ways in which SLE increases the risk of cardiovascular 
outcomes, and 1 of those paths is via HDPs. Total effects were 
decomposed into direct and indirect effects using a Cox model for 
the outcome and logistic regression for the mediator (10). Propor-
tion mediated was calculated using the following formula:

All models were adjusted for maternal age at delivery, country of 
birth, education, BMI (categorical including missing), first trimes-
ter smoking, and exposure– mediator (SLE– HDP) interaction. This 
analysis was performed for our primary and secondary outcomes. 
We used SAS, version 9.4 and R, version 3.5 (R Foundation) for 
data management and statistical analysis.

RESULTS

Between 1987 and 2012 we identified 450 singleton first 
deliveries among women with prevalent SLE and 2,890 singleton 
first deliveries among nulliparous women without SLE. Overall, the 
women with and without SLE were comparable with respect to age, 
BMI, and maternal country of birth. Women with SLE were more 
likely to have prepregnancy comorbidities, including hypertension, 
renal disease, and thrombotic events (Table 1). Among women 
with SLE, we observed an unadjusted incidence rate (IR) of 50.0 
cases per 10,000 person- years (95% CI 33.4, 71.3) for incident 
cardiovascular outcomes compared to 7.2 cases per 10,000 
person- years (95% CI 2.8, 17.6) among women without SLE.

HR
SLE

+

HDP
+ − HR

SLE
+

HDP
− − HR

SLE
−

HDP
+ + 1

HR
NDE

×

(

HR
NIE

− 1
)

HR
NDE

× HR
NIE

− 1

Table 1. Characteristics of women with a first pregnancy identified between 1987 and 2012 in the Medical Birth 
Register, stratified by systemic lupus erythematosus (SLE) status and hypertensive disorders of pregnancy (HDPs)*

SLE No SLE

HDP No HDP Overall HDP No HDP Overall
No. of women 90 360 450 200 2,690 2,890
Age at delivery, mean ± SD 30 ± 5.4 30 ± 4.4 30 ± 4.6 31 ± 5.3 30 ± 5.0 30 ± 5.0
Born in a Nordic country† 90 90 90 92 90 90
Education, years

≤9 11 8 9 2 7 7
10‒ 12 42 33 35 42 39 39
≥13 40 54 51 48 47 47
Missing 7 5 5 8 7 7

First trimester BMI
Underweight (<18.5 kg/m2) 3 5 4 2 3 3
Normal weight (18.5– 24.9 kg/m2) 46 60 57 38 56 55
Overweight (25.0– 29.9 kg/m2) 13 14 14 24 18 18
Obese (≥30.0 kg/m2) 11 8 8 16 7 8
Missing 27 14 17 20 16 16

First trimester smoking
Yes 11 8 8 6 10 10
No 76 88 86 90 85 85
Missing 13 4 6 4 5 5

Pregestational disease
Hypertension 20 8 11 3 1 1
Diabetes mellitus 4 1 2 <1 <1 <1
Renal disease 21 10 12 <1 <1 <1
DVT/PE 9 3 4 <1 <1 <1

Year of delivery
1987– 1994 23 14 16 18 18 18
1995‒ 2002 22 21 21 18 22 22
2003‒ 2012 54 66 63 64 60 61

* Values are the % unless indicated otherwise. BMI = body mass index; DVT/PE = deep venous thrombosis and 
pulmonary embolism. 
† Nordic countries: Sweden, Denmark, Finland, Norway, and Iceland. 
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Cardiovascular outcomes among women with and 
without HDPs. Among the women without SLE who experienced 
HDPs during their first pregnancy, we observed an unadjusted rate 
of cardiovascular outcomes of 12 per 10,000 person- years com-
pared to 89 per 10,000 person- years among those with SLE and 
HDPs (Table 2). HDPs were associated with an ~2- fold higher rate 
of cardiovascular outcomes among women with SLE across mul-
tiple sensitivity analyses (Table 2). When we included first and sub-
sequent pregnancies with HDPs as a time- dependent exposure, 
we found similar adjusted HRs (SLE 2.3 [95% CI 1.0, 5.3] and gen-
eral population 1.7 [95% CI 0.6, 4.7]). The HR for cardiovascular 
outcomes in women with SLE and HDPs was ~8 times higher than 
the HR for women without SLE but with HDPs (Table 3). However, 
we found little evidence of effect measure modification on the mul-
tiplicative (ratio of HRs [95% CI] 1.1 [0.3, 4.6]) and additive (RERI 
[95% CI] 5.2 [4.1, 14.6]) scales.

We also found that HDPs were associated with a higher inci-
dence of hypertension later in life in both women with and without 
SLE. The unadjusted IR was considerably higher in women with 
SLE and HDPs (524 incident cases of hypertension per 10,000 

person- years) compared to 177 incident cases of hypertension 
per 10,000 person- years for women with HDPs from the gen-
eral population. Sensitivity analyses suggested that this was not 
due to misclassification of antihypertensive use for renal disease 
in women with SLE nor to antihypertensive use for possible HDPs 
in subsequent pregnancies. Additionally, all women with incident 
hypertension (outcome) were not pregnant at the time that they 
developed the outcome. Therefore, any dispensation of antihy-
pertensive medications at the time was not related to pregnancy- 
related complications. There was evidence of effect modification 
on the additive scale for the incident hypertension outcomes 
(RERI [95% CI] 6.1 [1.7, 10.6]).

Sensitivity analyses. The above unadjusted IRs for car-
diovascular outcomes were relatively consistent across analyses, 
although with small numbers. Only 1 woman without SLE with an 
HDP- exposed pregnancy had an AMI after pregnancy, and none 
had a stroke during postpartum follow- up. Although the SLE– 
HDP pregnancies contributed less postpartum person- time, there 
were 2 AMIs in 1,199 person- years of follow- up and 7 strokes 

Table 2. Incidence rates and hazard ratios (HRs) for cardiovascular/cerebrovascular outcomes in hypertensive disorders of 
pregnancy (HDPs), stratified by systemic lupus erythematous (SLE) status*

SLE No SLE

HDP No HDP HDP No HDP
Cardiovascular outcomes†

No. of events/no. person- years 10/1,127 17/4,275 3/2,596 25/36,054
Rate per 10,000 person- years (95% CI) 88.8 (44.5, 155.6) 39.8 (9.3, 158.0) 11.6 (2.9, 30.0) 6.9 (0.6, 75.5)
Crude HR (95% CI) 2.0 (0.9, 4.5) 1.0 (Ref.) 1.7 (0.5, 5.7) 1.0 (Ref.)
Adjusted HR (95% CI) 1.9 (0.8, 4.3) 1.0 (Ref.) 1.7 (0.5, 6.0) 1.0 (Ref.)

Acute myocardial infarction only
No. of events/no. person- years 2/1,199 3/4,491 1/2,613 4/36,234
Rate per 10,000 person- years (95% CI) 16.7 (2.8, 51.5) 6.7 (0.2, 156.5) 3.8 (0.2, 16.8) 1.1 (0.0, 95.0)

Stroke only
No. of events/no. person- years 7/1,156 7/4,368 0/2,615 13/36,149
Rate per 10,000 person- years (95% CI) 60.6 (26.0, 117.1) 16.0 (2.4, 90.5) Not estimable 3.6 (0.6, 18.5)

Hypertension‡
No. 67 333 181 2,665
No. of events/no. person- years 36/687 69/3,683 39/2,203 181/34,836
Rate per 10,000 person- years (95% CI) 523.7 (370.7, 713.9) 187.3 (89.3, 385.9) 177.0 (127.1, 238.5) 52.0 (26.7, 100.3)
Crude HR (95% CI) 2.9 (1.9, 4.4) 1.0 (Ref.) 3.4 (2.4, 4.9) 1.0 (Ref.)
Adjusted HR (95% CI) 3.0 (2.0, 4.6) 1.0 (Ref.) 3.1 (2.2, 4.4) 1.0 (Ref.)

Hypertension, NPR only§
No. 73 335 194 2,669
No. of events/no. person- years 16/946 23/4,127 18/2,492 40/35,901
Rate per 10,000 person- years (95% CI) 169.1 (99.2, 266.0) 55.7 (17.4, 168.9) 72.2 (43.8, 110.9) 11.1 (3.9, 30.6)
Crude HR (95% CI) 2.7 (1.4, 5.2) 1.0 (Ref.) 6.7 (3.8, 11.8) 1.0 (Ref.)
Adjusted HR (95% CI) 2.6 (1.3, 5.1) 1.0 (Ref.) 6.3 (3.5, 11.3) 1.0 (Ref.)

* Crude and adjusted HR models were stratified by period of delivery. The adjusted model was controlled for maternal age at 
delivery, country of birth, education, body mass index (categorical, including missing), and first trimester smoking. 95% CI = 95% 
confidence interval; NPR = National Patient Register; Ref. = reference. 
† Includes fatal and nonfatal acute myocardial infarction, unstable angina, stroke, transient ischemic stroke, and heart failure. 
‡ Incident hypertension defined as ≥1 visit for hypertension or ≥2 dispensations of antihypertensive medication ≥3 months 
postpartum. Exclusions include women who had pregestational hypertension that was defined using visit and medication 
dispensation data. Women with history of the outcome at the start of follow- up were excluded: SLE/HDP n = 24, SLE/non- HDP n = 33, 
non- SLE/HDP n = 19, non- SLE/non- HDP n = 24. 
§ Incident hypertension defined only on the basis of International Classification of Diseases– coded visits for hypertension. Women 
with history of the outcome at the start of follow- up were excluded: SLE/HDP n = 11, SLE/non- HDP n = 23, non- SLE/HDP n = 5, non- 
SLE/non- HDP n = 24. Exclusions include women who had pregestational hypertension that was defined using visit and medication 
dispensation data. 
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over 1,156 person- years (Table 2). Among the pregnant women 
with and without SLE with a postpartum stroke during the follow- 
 up period, none had evidence of pregestational hypertension.

When incident hypertension was redefined solely on the 
basis of ICD- coded visits at least 3 months postpartum, results 
were comparable among the women with SLE (HR 2.6 [95% CI 
1.3, 5.1]). However, the HR of the association between HDPs 
and hypertension increased in magnitude among women without 
SLE (HR 6.3 [95% CI 3.5, 11.3]). Results were similar when we 
restricted the analysis to the 2006– 2013 time period, during which 
antihypertensive data were available.

Mediation analysis. When examining the association 
between SLE and cardiovascular outcomes after pregnancy, 
HDPs contributed to ~10% of these outcomes. However, HDPs 
explained a larger proportion (20%) of the association between 
SLE and development of hypertension later in life.

DISCUSSION

Among women with SLE, HDPs (including preeclampsia) 
in their first pregnancy were associated with a 2- fold higher rate 
of cardiovascular outcomes (including stroke, AMI, TIA) during 
a median 10.8 years of follow- up compared to women whose 
first pregnancy was not complicated by HDPs. Although power 
was limited due to sparse events in the general population, we 
estimated HRs between 1.5 and 2.0, which is consistent with the 
published literature (2,11). Consistent with prior studies, we also 
found that HDPs were associated with a 3- fold higher incidence of 
hypertension among women with and without SLE (2,4).

Other studies have noted a link between SLE and stroke after 
pregnancy (12,13). Despite methodological differences among 

studies, including how SLE was defined, which outcomes were 
evaluated, and whether preeclampsia or HDPs were specifically 
studied, our findings are consistent with their observations.

Our study is based on register data collected in conjunction 
with clinical care, birth registration, and population- based record- 
keeping. The data are collected prospectively for record- keeping 
and research purposes. We identified women with SLE before 
delivery using a register- based algorithm with low misclassification 
and linked these with the MBR (8,14). Compared to definitions 
that require that SLE be recorded as a diagnosis at delivery, our 
approach reduces misclassification (15). Positive predictive values 
of conditions included in our study from Scandinavian registers 
have found generally good validity, ranging from 74% in Denmark 
to 84– 99% in Swedish and Norwegian data for preeclampsia and 
HDPs, respectively (16– 18).

Despite identifying 3,340 women with their first single-
ton delivery during the study period, including 450 women with 
SLE (2), there were few events during a median of 10.8 years 
of follow-  up, particularly among women without SLE (median 
follow-  up 11.8 years). We could not confirm established associa-
tions between HDPs and CVD, possibly due to the relatively short 
follow- up time, given that premenopausal CVD is rare among 
women without SLE. The mean age at the end of follow- up was 
only 42 years in the SLE- exposed group and 43 years among 
women without SLE. Due to limited power, we could not evaluate 
early- onset HDPs or preeclampsia specifically.

When evaluating the incidence of hypertension later in life, 
a CVD risk factor that typically presents before cardiovascular 
events, our results were consistent with the published literature 
in the general population. Among women without SLE, we found 
that relying solely on ICD codes to define incident hypertension 
led to a higher HR associated with HDPs. This could be, in part, 

Table 3. Interaction between hypertensive disorders of pregnancy (HDPs) and systemic lupus erythematosus 
(SLE) on the risk of cardiovascular outcomes and hypertension (restricted to first pregnancies)*

HDP
HDP stratified  

by SLENo Yes
Primary outcome, cardiovascular outcomes

No SLE 1.0 (Ref.) 1.7 (0.5, 5.7)† 1.7 (0.5, 5.7)
SLE 7.2 (3.8, 13.6)† 13.2 (6.2, 27.7)† 1.8 (0.8, 4.1)
SLE stratified by HDP 7.2 (3.8, 13.6) 7.7 (2.1, 28.6) –
Multiplicative interaction, ratio of HRs (95% CI) – – 1.1 (0.3, 4.6)
Additive interaction, RERI (95% CI) – – 5.2 (– 4.1, 14.6)

Secondary outcome, incident hypertension
No SLE 1.0 (Ref.) 3.2 (2.2, 4.5)† 3.2 (2.2, 4.5)
SLE 4.0 (3.1, 5.3)† 12.4 (8.6, 17.9)† 3.1 (2.0, 4.6)
SLE stratified by HDP 4.0 (3.1, 5.3) 3.9 (2.5, 6.2) –
Multiplicative interaction, ratio of HRs (95% CI) – – 1.0 (0.5, 1.7)
Additive interaction, RERI (95% CI) – – 6.1 (1.7, 10.6)

* Values are the hazard ratio (HR) (95% confidence interval [95% CI]) unless indicated otherwise. All models 
were adjusted for maternal age at delivery, country of birth, education, body mass index, and smoking and were 
stratified by year of delivery. Cardiovascular outcomes include fatal and nonfatal acute myocardial infarction, 
fatal and nonfatal stroke (ischemic, hemorrhagic, subarachnoid hemorrhage, or unspecified), transient ischemic 
attacks, unstable angina, and heart failure. Ref. = reference; RERI = relative excess risk due to interaction. 
† In reference to the no SLE– no HDP group for each outcome. 
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due to women without HDPs and SLE being less likely to interact 
with secondary health care at this young age. In other words, 
without access to primary care data and excluding antihyperten-
sive use to identify incident hypertension, we may be more likely 
to underestimate the outcome in women with neither SLE nor 
HDPs. In SLE, we expected more cardiovascular outcomes com-
pared to the general population because it is known that women 
with SLE are affected by CVD at a younger age than women 
from the general population. Both accelerated atherosclerosis 
and a prothrombotic state associated with lupus itself, as well as 
presence of antiphospholipid antibodies (aPL), may contribute to 
premature CVD in SLE. Unfortunately, data on aPL were not avail-
able. When prior deep vein thrombosis and pulmonary embolism 
were used as a proxy to identify high risk for stroke, we found that 
of the 27 strokes observed, only 1 had this noted (a woman with 
SLE but no HDPs). Furthermore, we cannot exclude the possibil-
ity that women with SLE who were able to get pregnant and carry 
to at least 22 weeks (28 weeks through 2008) to be captured in 
the Birth Register are less likely to have CVD at a younger age.

Premature CVD is a well- documented complication in women 
with SLE, which is likely, at least in part, due to renal disease, pro-
thrombotic aPL, and systemic inflammation. Our data confirm that 
women who experience a hypertensive disorder in pregnancy are 
at greater risk of developing hypertension after pregnancy, and 
that this association is also evident for women with SLE. Women 
with SLE and HDPs were also at increased risk of CVD, particu-
larly stroke, at young ages and should be monitored closely and 
consider receiving treatment to attenuate risk.
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Performance of the New 2019 European League Against 
Rheumatism/American College of Rheumatology 
Classification Criteria for Systemic Lupus Erythematosus in 
Children and Young Adults
Najla Aljaberi,1  Kim Nguyen,2 Catherine Strahle,3 Angela Merritt,1 Arjun Mathur,1 and Hermine I. Brunner1

Objective. To compare the diagnostic usefulness of the 2019 European League Against Rheumatism (EULAR)/
American College of Rheumatology (ACR) classification criteria for systemic lupus erythematosus (SLE) to that of the 
1997 ACR classification criteria for SLE when applied to youths (age ≤21 years) with SLE.

Methods. Data were extracted from electronic health records of patients followed at a large academic pediatric 
hospital. The treating rheumatologist’s diagnosis of SLE served as the standard criterion for identifying SLE patients 
(cases). Controls were patients with juvenile dermatomyositis (DM), juvenile scleroderma, or juvenile systemic 
sclerosis (SSc). The 2019 EULAR/ACR criteria and the 1997 ACR criteria were tested against the standard criterion.

Results. A total of 112 SLE patients ages 2– 21 years and 105 controls ages 1– 19 years (66% juvenile DM, 34% 
juvenile scleroderma or juvenile SSc) were available for analysis. The 2019 EULAR/ACR criteria had significantly 
higher sensitivity (85% versus 72%; P = 0.023) and similar specificity (83% versus 87%; P = 0.456) than the 1997 
ACR criteria. The mean ± SD 2019 EULAR/ACR classification summary scores were significantly higher among non- 
White than White patients (22.41 ± 10.04 versus 17.59 ± 9.19; P < 0.01). The sensitivity of the 2019 EULAR/ACR 
criteria in non- White/White patients was 92%/80% (P = 0.08) versus 83%/64% (P < 0.02) for the 1997 ACR criteria. 
The sensitivity of the 2019 EULAR/ACR criteria was not affected by age or sex.

Conclusion. The 2019 EULAR/ACR criteria efficiently classify youths with SLE, irrespective of age, sex, and race. 
Compared to the 1997 ACR criteria, the new criteria are significantly more sensitive and similarly specific in youths 
with SLE.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex multiorgan 
autoimmune disease with immunologic and biologic heterogene-
ity. It is more frequent in females and non- White populations, and 
clinical phenotypes vary between childhood- onset SLE and adult- 
onset SLE (1). Various classification criteria have been used for SLE 
over the years, with the 1997 American College of Rheumatology 
(ACR) classification criteria most widely adopted (2). These criteria 
involve meeting 4 of 11 items, with equal weight given to clinical 
and immunologic items. In 2019, the European League Against 

Rheumatism (EULAR) and ACR collaborated in the development of 
new classification criteria for SLE (3). Using cohorts of adult patients, 
these 2019 EULAR/ACR criteria consider the diverse spectrum of 
SLE manifestations, use a weighted scoring system, and mandate 
the presence of an antinuclear antibody (ANA) titer of at least 1:80 
on HEp- 2 cells or an equivalent positive test for a patient to be 
classified as having SLE (3). These new criteria showed better per-
formance in terms of both sensitivity and specificity compared to 
the earlier criteria in adults with SLE. The objectives of this study 
were to assess the performance of the 2019 EULAR/ACR criteria 
in youths (age ≤21 years) with SLE, to compare the performance of 
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these new criteria with the earlier 1997 ACR criteria, and to explore 
differences in performance of the 2019 EULAR/ACR criteria in rela-
tion to patient age, sex, and race.

MATERIALS AND METHODS

Subjects, data collection, and case definitions. We 
extracted information from the electronic medical records at 
Cincinnati Children’s Hospital Medical Center between 2008 
and 2019. Patients considered to have SLE (cases) were identi-
fied using International Statistical Classification of Diseases and 
Related Health Problems, Tenth Revision (ICD- 10) codes assigned 
by experienced pediatric rheumatologists (4). Included cases were 
youths who were age ≤21 years at the time of initial diagnosis of 
SLE by a pediatric rheumatologist. Controls were patients diag-
nosed with juvenile dermatomyositis (DM), juvenile scleroderma, or 
juvenile systemic sclerosis (SSc) as per the corresponding ICD- 10 
codes. Controls were chosen due to commonality in clinical and 
laboratory features with SLE, including common positivity for ANA. 
Patients were excluded if there were insufficient medical records 
(e.g., second opinions). Patients carrying ICD- 10 codes for undif-
ferentiated connective tissue disease (UCTD) or mixed connective 
tissue disease (MCTD) per the pediatric rheumatologist were also 
reviewed but not included in comparisons between cases and 
controls.

Patient- level data. Data extracted by one author and 
reviewed by another (NA and KN) included patient age at diag-
nosis, race, and sex, discrete data for review of systems, vital 
signs, physical examination findings, results of complete blood 
counts with differentials, urinalysis, timed proteinuria, protein/
creatinine ratio on random urine samples, autoantibodies, C3 

and C4 complement levels, reports of diagnostic procedures 
(chest radiographs/transthoracic echocardiograms) and rele-
vant biopsy results (skin, kidney). Data were captured in RED-
Cap, then analyzed and reported in a de-identified aggregate 
form.

Classification criteria for SLE included in this study. 
Both SLE criteria sets considered here are widely published (2,3). 
Briefly, the 1997 ACR criteria classify a patient as having SLE 
if ≥4 items are present concurrently or in sequence, and in the 
absence of another offending agent or disease process that can 
explain the abnormality (2). Grouped in domains, these 11 items 
are malar rash, discoid rash, photosensitivity, oral/nasopharyngeal 
ulcers, arthritis, serositis, and renal/neurologic/hematologic disor-
ders. Immunologic items considered are ANA and the presence 
of autoantibodies to double-stranded DNA (anti- dsDNA), Sm anti-
gens, and phospholipids.

The 2019 EULAR/ACR criteria mandate the presence 
of a positive ANA titer of ≥1:80 on HEp- 2 cells, or an equiva-
lent test, for any patients to be classified as having SLE. Other 
items are grouped in 7 clinical (constitutional, hematologic, 
 neuropsychiatric, mucocutaneous, serosal, musculoskeletal, 
renal) and 3 immunologic domains (antiphospholipid antibodies, 
complements, and SLE- specific antibodies), with individual items 
receiving different scores (range 2– 10). Only the highest item 
score in each domain is counted toward the overall  classification 
 summary score. A patient is classified as having SLE if they receive 
a classification summary score of ≥10 (3).

Process of classification of cases/controls. Cases 
were reviewed for the 1997 ACR and the 2019 EULAR/ACR cri-
teria, starting at the visit when the diagnosis of SLE (ICD- 10) or 
another rheumatic condition was made. We also recorded earlier 
and later visits to establish the timely relationships between SLE 
diagnoses (ICD- 10, standard criterion) and fulfillment of the 2019 
EULAR/ACR criteria and/or 1997 ACR criteria.

Statistical analysis. Descriptive statistics were calculated. 
Between- group comparisons were assessed for important differ-
ences via 2- tailed t- test, Fisher’s exact test, and chi- square test, 
as appropriate. The sensitivity and specificity of both the 1997 
ACR and 2019 EULAR/ACR criteria were assessed against the 
standard criterion (ICD- 10), considering different age groups 
(<11 years, 11– 17 years, and 18– 21 years), sex (female/male), 
and race (White/non- White). Patients with MCTD and UCTD were 
excluded from the assessment of the sensitivity and specificity 
analysis of the SLE criteria sets. Instead, in exploratory analysis, 
we determined whether or not patients with MCTD and UCTD 
fulfilled the 1997 ACR and/or the 2019 EULAR/ACR criteria. 
GraphPad Prism software, version 7.05, was used to perform the 
statistical analyses. This study was reviewed and approved by the 

SIGNIFICANCE & INNOVATIONS
• The 2019 European League Against Rheumatism 

(EULAR)/American College of Rheumatology (ACR) 
criteria are significantly more sensitive than the 
1997 ACR criteria for children and young adults 
with systemic lupus erythematosus (SLE).

• There were no significant differences in the speci-
ficity of the 2 criteria sets.

• Compared to the 1997 ACR criteria, the 2019 
 EULAR/ACR criteria are signficantly better able to 
correctly classify White youths with SLE.

• Like the 1997 ACR criteria, the 2019 EULAR/ACR cri-
teria performed similarly well for female and male 
youths with SLE.

• Pediatric controls with juvenile dermatomyositis com -
monly have the highest likelihood of being mis-
classified as having SLE using the 2019 EULAR/ACR 
criteria.
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Cincinnati Children’s Hospital Medical Center Institutional Review 
Board (#2019- 1240).

RESULTS

Sample demographics. Among 217 patients included in 
this study, there were 112 with SLE (cases) and 105 with juvenile 
DM, juvenile scleroderma, or juvenile SSc (controls). Most patients 
were White, and 81% of the patients and 71% of controls were 
female (Figure 1). At the time of diagnosis, 18% of patients (20 of 
112) and 7% of controls (7 of 105) were young adults (ages 18– 21 
years). Compared to cases, controls were younger at diagnosis 
(mean ± SD age 15 ± 3.3 years versus 10 ± 5 years) and more 
frequently White (57% versus 83%).

Performance of the 2019 EULAR/ACR criteria. At diag-
nosis (ICD- 10), patients in the SLE group (cases) fulfilled items 
considered in the 2019 EULAR/ACR criteria in a median of 4 
domains (range 1– 10), compared to a median of 1 (range 0– 4) 
among controls. Figure 1 depicts the distribution of patients per 
classification criteria set, considering the patient’s race (White ver-
sus non- White) and ANA positivity. As expected, most of the cases 
and controls were ANA positive, but frequencies differed mark-
edly between cases and controls (96% versus 71%). Cases and 
control groups shared nearly similar clinical domain frequencies, 
including cutaneous, neurologic, and serositis domains, but more 
cases than controls scored in the immunologic domains (Table 1).

The mean ± SD for the 2019 EULAR/ACR classification 
summary score was 19.6 ± 9.8 among cases versus 6.6 ± 4.2 

Figure 1. Application of the 2019 European League Against Rheumatism (EULAR)/American College of Rheumatology (ACR) and 1997 
ACR criteria to systemic lupus erythematosus (SLE) (cases) and juvenile dermatomyositis, juvenile scleroderma, and juvenile systemic sclerosis 
(controls), classified by race and antinuclear antibody (ANA) status. +ANA/– ANA = positive or negative ANA; +1997 = met 1997 ACR criteria; 
+2019 = met 2019 EULAR/ACR criteria.
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among controls. The mean ± SD of 2019 EULAR/ACR clas-
sification summary scores among cases ages 1– 11 years at 
diagnosis were similar to those of cases diagnosed at ages 
12– 17 years or 18– 21 years (P = 0.71). The mean ± SD clas-
sification summary scores were significantly higher among the 
48 non- White patients (7 Asian, 35 Black, 6 other) than among 
the 64 White patients (22.41 ± 10.04 versus 17.59 ± 9.19; 
P < 0.01).

Fulfilling the 2019 EULAR/ACR criteria preceded the rheu-
matologist’s diagnosis of SLE only in 4 females (3.6% of cases). 
These 4 patients had a median 2019 EULAR/ACR classifica-
tion summary score of 11.5 (range 10– 12) at the visit when they 
first met the criteria (see Supplementary Table 1, available on 
the Arthritis Care & Research website at http://onlin elibr ary.wiley.
com/doi/10.1002/acr.24430/ abstract, for additional details). In 
the other 108 cases, the time of diagnosis of SLE coincided 
with reaching a 2019 EULAR/ACR classification summary score 
of ≥10.

Comparison of the performance of the 1997 ACR and 
2019 EULAR/ACR criteria. Of the 112 cases, 81 (72%) met the 
1997 ACR criteria, while 95 (85%) met the 2019 EULAR/ACR cri-
teria (Table 2). Therefore, the sensitivity of the 2019 EULAR/ACR 
criteria was significantly higher than that of the 1997 ACR criteria 
(P = 0.023), while there were no significant differences in specific-
ity (P = 0.456).

Among cases that failed to meet the 2019 EULAR/ACR cri-
teria (n = 17), 13 patients (76%) were White. Patients who failed 
to meet 2019 EULAR/ACR classification criteria were mostly ANA 
positive, and the classification summary score was <10 (range 
5.5– 9). One patient, however, was ANA negative with a classifica-
tion summary score of 17.

Among cases that failed to meet the 1997 ACR criteria, 
roughly one-half (15 of 31) fulfilled the 2019 EULAR/ACR criteria. 
The 2019 EULAR/ACR domains that were met the most consist-
ently in these patients were complement, SLE-specific antibody, 
antiphospholipid antibodies, and hematologic. For additional 
information, see Supplementary Tables 2 and 3, available on the 
Arthritis Care & Research website at http://onlin elibr ary.wiley.com/
doi/10.1002/acr.24430/ abstract. Of the 105 controls, 14 (13%) 
and 18 (17%) met the 1997 ACR and 2019 EULAR/ACR criteria, 
respectively (Table 2).

The sensitivity of the 2019 EULAR/ACR criteria was higher 
at 92% in non- White patients versus 80% in White patients 
(P = 0.08). More profound racial differences were observed for the 
1997 ACR criteria, with sensitivity estimates of 83% versus 64% 
for non- White patients and White patients (P < 0.02). The sensi-
tivity/specificity in females versus males were similar for both the 
2019 EULAR/ACR (86%/81% versus 81%/87%) and the 2019 
ACR criteria (71%/85% versus 76%/90%). In exploratory analysis, 
we confirmed that the performance of both sets of criteria was 
comparable in patients age ≥18 years versus the younger age 
stratum of patients age <18 years of age at diagnosis (data not 
shown). There were 5 patients diagnosed with either MCTD or 
UCTD; among them were 2 MCTD patients who met the 2019 
EULAR/ACR criteria for SLE (1997 ACR: 1 MCTD patient).

DISCUSSION

The validity of the 2019 EULAR/ACR classification criteria for 
youths with SLE was evaluated and confirmed in our study. We 

Table 1. Frequency of 2019 EULAR/ACR criteria domains and 
ANA positivity by study group*

Domains
SLE

(n = 112)
Controls
(n = 105) P

Clinical
Constitutional 35 (31) 16 (15) 0.0054
Cutaneous 81 (72) 76 (72) 0.9922
Arthritis 57 (51) 37 (35) 0.0200
Neurologic 13 (12) 8 (8) 0.3207
Serositis 17 (15) 9 (9) 0.1342
Hematologic 68 (61) 11 (10) <0.0001
Renal 31 (28) 8 (8) 0.0001

Immunologic
Antiphospholipid 

antibody
46 (41) 11 (10) <0.0001

Complement 77 (69) 14 (13) <0.0001
Specific antibody 

domain positive
71 (63) 12 (11) <0.0001

2019 EULAR/ACR 
criteria summary 
score, median 
(range)

18.5 (3– 47) 6 (0– 18) <0.0001

ANA positivity† 108 (96) 75 (71) <0.0001
* Values are the number (%) unless indicated otherwise. ACR = 
American College of Rheumatology; ANA = antinuclear antibody; 
EULAR = European League Against Rheumatism; SLE = systemic 
lupus erythematosus. 
† ANA is an entry criterion, not a domain item, on the 2019 EULAR/
ACR criteria. 

Table 2. Performance of the 1997 ACR and the 2019 EULAR/ACR classification criteria for SLE against the 
rheumatologist’s diagnosis (standard criterion)*

Criteria Sensitivity Specificity PPV NPV
1997 ACR 72.3 (63– 80) 86.7 (78.9– 92) 85.2 (76.7– 91) 74.6 (66.2– 81.5)
2019 EULAR/ACR 84.8 (77– 90.3) 82.8 (74.5– 88.7) 84.1 (76.2– 89.5) 83.7 (75.3– 89.5)
P† 0.023 0.456 – – 

* Values are the percentage (95% confidence interval) unless indicated otherwise. ACR = American College of 
Rheumatology; EULAR = European League Against Rheumatism; NPV = negative predictive value; PPV = positive 
predictive value; SLE = systemic lupus erythematosus. 
† P values from contingency table analysis. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24430/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24430/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24430/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24430/abstract


ALJABERI ET AL 584       |

found the 2019 EULAR/ACR criteria to be significantly more sen-
sitive and similarly specific compared to the 1997 ACR cri teria 
when considering a control population of young patients with 
juvenile DM, juvenile scleroderma, or juvenile SSc.

The premise of the 2019 EULAR/ACR criteria is to allow 
SLE cases to be classified early. Indeed, the 2019 EULAR/ACR 
weighted criteria performed better than the 1997 ACR criteria in 
terms of sensitivity (96% versus 83%), while maintaining speci-
ficity (93% for both) in adults with SLE who were predominantly 
White and of middle age (3). Although our results are consistent in 
terms of the comparison to the 1997 ACR criteria, we found the 
sensitivity of the 2019 EULAR/ACR criteria in our cohort of youths 
with SLE to be lower (not significant). Differences between reports 
from adults and our results may be explained by differences in 
racial distribution or research methodology, including the choice of 
the standard criterion, or due to true differences between SLE in 
youths as compared to adults. Nonetheless, differences between 
the performance of the 2019 EULAR/ACR criteria in adults and 
children can be considered minor and would not support the 
notion that different or additional criteria are needed to classify 
youths with SLE.

Our study confirms superior sensitivity of the new criteria over 
the 1997 ACR criteria in youths with SLE. The difference in sen-
sitivity estimates between the 2 criteria sets (2019 EULAR/ACR 
versus 1997 ACR) may be explained by a higher weight being 
assigned to immunologic criteria, less strict hematologic criteria 
(not requiring ≥2 occurrences), and the inclusion of subjective fea-
tures of arthritis. Notably, our estimates of the sensitivity of the 
2019 EULAR/ACR criteria were similar to those reported from a 
Brazilian pediatric study by Rodrigues Fonseca et al (87.7%) that 
also used physician diagnosis as a reference standard (5).

The ability to capture SLE early (sensitivity) in both criteria sets 
was higher in non- White patients than in White patients, likely due to 
the more severe disease presentation in non- White patients at diag-
nosis (6). In our cohort, the severity of SLE may be reflected by the 
higher 2019 EULAR/ACR summary score, which has been found in 
other studies to correlate to disease activity index to an extent (7).

While there have been several other attempts to improve on 
classification criteria for SLE, we focused on SLE criteria sets that 
achieved endorsement by ACR or EULAR. Arguably, we could 
have also considered other criteria, such as the 2012 Systemic 
Lupus International Collaborating Clinics (SLICC) classification 
criteria; these require fulfillment of a minimum of 4 clinical items, 
with at least 1 immunologic item and 1 clinical item. As per these 
criteria, SLE classification also is met if a kidney biopsy demon-
strates lupus nephritis and serology results are positive for ANA 
or anti- dsDNA antibodies (8,9). However, several prior studies 
already showed that the SLICC criteria offer higher sensitivity but 
lower specificity than the 1997 ACR criteria across all age strata 
of patients with SLE, including youths (5,10– 12).

An exception may be a study by Ma et al that evaluated 
the 2019 EULAR/ACR criteria, the SLICC criteria, and the 

1997 ACR criteria in pediatric patients followed in New York 
(13). Ma et al reported equivalent high sensitivity between the 
2019 EULAR/ACR and SLICC criteria and again lower sensi-
tivity of the 1997 ACR criteria in youths with SLE. A wide range 
of specificity estimates of 2019 EULAR/ACR criteria and other 
SLE criteria has been reported in prior studies in youths with 
SLE. While Ma et al reported comparable specificity of all 3 
criteria sets, Rodrigues Fonseca et al showed that the 2019 
EULAR/ACR criteria may be less specific than the 1997 ACR 
criteria (67.4% versus 83.2%) (5).

Specificity estimates for criteria sets depend on the choice of 
the control population, and 66% of our controls were diagnosed 
with juvenile DM. Similar to other studies, including that by Rodri-
gues Fonseca et al (5,10), our lower specificity of the 2019 EULAR/
ACR criteria may be explained by higher rates of misclassification 
of juvenile DM controls. Many of the juvenile DM controls pre-
sented with malar rash, arthritis, and ANA positivity, i.e., features 
common to both juvenile DM and SLE. Indeed, our controls most 
commonly scored in the cutaneous domain and least likely in the 
immunologic domain of the 2019 EULAR/ACR criteria. Thus our 
observations are congruent with results of a meta- analysis that 
concludes that consideration of immunologic abnormalities is 
essential for the correct classification of SLE patients (12). We 
suspect that the higher specificities reported by Ma et al (13) stem 
from controls that included pediatric diseases with marked phe-
notypic differences from SLE, such as juvenile idiopathic arthritis.

It is worth reiterating the difference between diagnostic and 
classification criteria (14). While the former depend on the unique 
presentation of a given patient, the latter aim to identify homo-
geneous patient groups for clinical research. Cincinnati Children’s 
Hospital Medical Center is a well- known referral center for pedi-
atric rheumatology, and physician diagnosis is the usual external 
standard for criteria development for SLE (2,3,9). Recognition of 
the diverse clinical disease spectrum is reflected in diagnoses 
of UCTD or MCTD that, as in our study, can evolve into SLE. A 
limitation of our study may be that we used retrospective data. 
However, we had access to longitudinal structured information 
from our electronic medical record, a standard template to record 
clinical data, and a standard laboratory test panel.

Our study adds insight about the performance of the new 
2019 EULAR/ACR criteria in the clinical setting for youths with 
SLE and emphasizes the importance of these criteria in classifi-
cation of patients for research. To conclude, aligning with recently 
published pediatric studies, we found that the 2019 EULAR/ACR 
criteria are more sensitive and similarly specific to the 1997 ACR 
criteria when applied to youths with SLE.
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Cumulative Damage in Juvenile Idiopathic Arthritis: 
A Multicenter Study From the Pediatric Rheumatology 
Arab Group
Sulaiman M. Al- Mayouf,1  Soad Hashad,2 Khulood Khawaja,3 Abeer Alrasheedi,1 Reem Abdwani,4 
Awatif Abushhaiwia,2 Muatasem AlSuwaiti,5 Raed Alzyoud,5 Safiya AL Abrawi,6 Abdulrahman Asiri,7 
Manal Alshaikh,1 Elsadeg Sharif,8 Mohammed Muzaffer,9 Wafa Alsewairi,10 Mabruka Zlenti,2 Ebtisam Kawaja,2 
Muna Almutairi,11 Mahmoud Majeed,12 Hala Lotfy,13 Munira AlMarri,7  and Nora Almutairi,14 for the Pediatric 
Arab Rheumatology Group

Objective. To report the cumulative articular and extraarticular damage in Arab children with juvenile idiopathic 
arthritis (JIA) and to identify variables that correlate with disease damage.

Methods. We conducted a multicenter, cross- sectional study among 14 pediatric rheumatology centers from 
7 Arab countries. JIA patients who met the International League of Associations for Rheumatology classification 
criteria and had a disease duration of >1 year were enrolled. Disease activity status was assessed using the Juvenile 
Arthritis Multidimensional Assessment Report. Disease damage was assessed by the Juvenile Arthritis Damage 
Index, articular (JADI- A) and extraarticular (JADI- E).

Results. A total of 702 (471 female) JIA patients with a median age of 11.3 years (interquartile range [IQR] 8.0– 14.0 
years) were studied. Median age at disease onset was 5 years (IQR 2.0– 9.0 years) and the median disease duration 
was 4 years (IQR 2.0– 7.0 years). The most frequent JIA categories were oligoarticular JIA (34.9%), polyarticular JIA 
(29.5%), and systemic JIA (24.5%). Clinical remission was achieved in 73.9% of patients. At the last clinic visit, 193 
patients experienced joint damage, with a mean ± SD JADI- A score of 1.7 ± 4.5, while 156 patients had extraarticular 
damage, with a mean ± SD JADI- E score of 0.5 ± 1.1. Patients with enthesitis- related arthritis had the highest JADI- A 
score. JADI- A correlated significantly with the presence of a family history of JIA. JADI- A and JADI- E had a significant 
correlation with long disease duration.

Conclusion. Cumulative damage was common in this Arab JIA cohort, and consanguinity and JIA in a sibling 
were frequent findings and were associated with a greater cumulative damage.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common 
chronic childhood rheumatic disease, affecting approximately 1 
in 1,000 children (1,2). JIA refers to a heterogeneous group of 
diseases in which the onset of idiopathic inflammatory arthritis 
lasts for at least 6 weeks and begins before age 16 years. JIA 
includes several disease categories, each of which has distinct 

epidemiologic presentations, clinical manifestations, disease 
pathogenesis, and genetic background (3– 5). Patients with JIA, 
particularly the systemic category, might experience a chronic 
course with cyclic disease activity states (5). Delay in diagnosis 
and treatment may lead to irreversible joint destruction, as well 
as extraarticular complications, including chronic uveitis, growth 
retardation, amyloidosis, and macrophage activation syndrome 
(MAS) (6).
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Despite advances in the treatment of JIA, a large number of 
patients continue to have active disease with or without damage 
on long- term follow- up (5). Approximately half of JIA patients (42– 
67%) have active disease while transitioning to adult care, while 
45– 50% have functional limitations (7). Several studies on the long- 
term outcome of JIA have been published (8– 12), but comparing 
these studies can be challenging, as most were single- centered, 
cross- sectional, or retrospective and lacked standardized out-
come measures. In addition, most of these studies originate from 
Europe or North America. There are scarce data published on JIA 
outcome measures in Arab children, and most have emanated 
from single centers (13). Our study aimed to report the cumulative 
articular and extraarticular damage in Arab children with JIA and 
identify variables that correlate with disease damage.

PATIENTS AND METHODS

This was a multicenter, cross- sectional, observational cohort 
analysis of collected data of children with JIA from 14 pediatric rheu-
matology centers from 7 Arab countries between July 2010 and 
July 2019. The general methods of the research in the Pediatric 
Rheumatology Arab Group (PRAG) study have been described pre-
viously (14). Briefly, an invitation to participate in this study was sent 
to all pediatric rheumatologists in the Arab countries who are mem-
bers of PRAG. Fourteen pediatric rheumatology centers from 7 
Arab countries, including Saudi Arabia, Libya, United Arab Emirates, 
Jordan, Oman, Egypt, and Kuwait agreed to participate. Health care 
systems vary among Arab countries because of financial, adminis-
trative, and organizational obstacles, which may delay access to 

timely and appropriate care. Most of the study population depends 
on public, comprehensive, government- funded health service, par-
ticularly for complicated illnesses such as JIA. Children age <14 
years who met International League of Associations for Rheuma-
tology classification criteria for JIA with a minimal disease duration 
of 1 year were enrolled consecutively. Patients with arthritis other 
than JIA were not included. The cutoff age of transferring pediatric 
patients to adult care services in most Arab countries is 14 years.

Data collection. Eligible patients were assessed every 
3– 6 months with a detailed history, musculoskeletal examination, 
and laboratory evaluation, and therapy was adjusted accordingly. 
Data on age, sex, JIA category, age at disease onset and at diag-
nosis, disease duration, and the presence of uveitis or MAS were 
collected (15,16). Familial JIA (defined as siblings with JIA), fam-
ily history of autoimmune diseases, and consanguinity were also 
noted. A complete blood count and inflammatory marker testing 
were requested for all patients. Rheumatoid factor (RF) and antinu-
clear antibody (ANA) testing using immunoassay and HLA– B27 by 
flow cytometry were requested when clinically indicated. RF was 
tested at least twice, with a minimum of 3 months apart. Test results 
were interpreted according to cutoff values of the local laborato-
ries. Medications used were reviewed at each visit during the study 
period. Initiating methotrexate treatment >6 months after disease 
diagnosis and biologic agent treatment >12 months from disease 
onset (despite active disease) was considered as late treatment.

Instruments and assessment. We used validated JIA- 
specific instruments to measure the disease activity status and the 
disease- related damage. At the last follow- up visit, investigators 
were asked to interview and assess the overall disease activity 
status using the Juvenile Arthritis Multidimensional Assessment 
Report (JAMAR), which includes a rating of the level of disease 
activity status at the time of the visit. JAMAR is a widely agreed 
upon, cross- culturally adapted, and validated tool that is translated 
into several languages, including the Arabic language (17,18). 
The main disease activity categories were remission off treat-
ment, remission on treatment, or active disease. Disease damage 
was measured using the Juvenile Arthritis Damage Index (JADI), 
which is composed of 2 parts, one devoted to the assessment of 

SIGNIFICANCE & INNOVATIONS
• Limited data exist on the outcomes of juvenile idio-

pathic arthritis (JIA) in Arab countries.
• This study from 14 Arab pediatric rheumatology 

centers shows that 1 in 4 children had evidence of 
damage at the last follow- up.

• Consanguinity and JIA in a sibling were frequent 
findings and were associated with a greater cumu-
lative damage.

Figure 1. The frequency of juvenile idiopathic arthritis (JIA) categories in Arab children (n = 720). ERA = enthesitis- related arthritis; Poly RF+ = 
polyarticular rheumatoid factor positive; Poly RF–  = polyarticular rheumatoid factor negative.
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articular damage (JADI- A) and one devoted to the assessment of 
extraarticular damage (JADI- E) (19). Joint contracture and other 
deformities are only scored when they are not due to active arthri-
tis and are present for at least 6 months. Completed data sheets 
were sent back to the principal investigator at King Faisal Special-
ist Hospital and Research Center, Riyadh for analysis.

Statistical analysis. All statistical analyses were performed 
using SAS software, version 9.4. Descriptive statistics for con-
tinuous variables were reported as mean ± SD, and categorical 
variables were summarized as frequencies and percentages. 
The median and interquartile range (IQR) were used when deemed 
necessary. Continuous variables were compared by independent 
Student’s t- test/analysis of variance, and nonparametric variables 
were compared by Mann- Whitney U test or Kruskal- Wallis test as 
appropriate. A correlation test was performed using Spearman’s 
correlation coefficient where deemed appropriate. The level of sig-
nificance was set at P value less than 0.05.

Ethical considerations. The study was conducted in 
accordance with the Declaration of Helsinki. The Ethics Com-
mittee of the Research Affairs Council at King Faisal Special-
ist Hospital and Research Center approved the study protocol 

(RAC#2191- 110) on December 19, 2019. Ethics approval was 
also obtained at all the participating centers from their institutional 
research ethics committee. All the collected data were the result 
of routine medical assessments. All data were collected anony-
mously, and the confidentiality of the patients was protected. 
Personal identifying data were collected for this research project. 
Ethics committees from the participating centers agreed to waive 
the requirement of consent for participation due to the nature of 
our work. However, the patient’s enrollment was documented in 
the medical file as per institutional regulations.

RESULTS

Demographic and clinical features. A total of 702 JIA 
patients with a median age of 11.3 years (IQR 8.0– 14.0 years) 
were enrolled. The median age at disease onset was 5 years (IQR 
2.0– 9.0 years) and the median disease duration was 4 years (IQR 
2.0– 7.0 years). All JIA categories were represented, as shown in 
Figure 1. The most frequent JIA categories were oligoarticular JIA, 
polyarticular JIA, and systemic JIA, while enthesitis- related arthritis 
(ERA) and psoriatic arthritis were less frequent. There was a female 
preponderance, with a male:female ratio of 1:2.1 (231 boys and 
471 girls). Patients with oligoarticular category (n = 51), followed by 
systemic category (n = 35), had a younger age at onset (<2 years). 
Of note, 11.3% of patients (n = 79) had a positive family history of 
familial JIA (familial aggregation of JIA), and 7 had RF positivity. A 
total of 21.5% of patients (n = 151) had a family history of auto-
immune diseases, including rheumatoid arthritis, diabetes mellitus, 
hypothyroidism, vitiligo, celiac disease, and others. The consan-
guinity rate was 51.1% of the enrolled families. Detection of positive 
ANA and RF was noted in 30.9% and 9.3% of JIA patients, respec-
tively, while HLA– B27 was positive in 5.3% of the tested patients.

Outcome. The mean ± SD referral time to a pediatric rheu-
matologist was 4.1 ± 8.3 months. Patients received various con-
ventional synthetic and biologic disease- modifying antirheumatic 
drugs (DMARDs) with variable response. Table 1 shows the fre-
quency and distribution of corticosteroids and DMARDs used 

Table 1. Frequency and distribution of corticosteroids and DMARDs used across JIA categories at the last follow- up visit in Arab JIA cohort*

Total
P- Oligo

(n = 202)
Ex- Oligo
(n = 43)

Poly RF+
(n = 48)

Poly RF– 
(n = 159)

sJIA
(n = 172)

PsA
(n = 28)

ERA
(n = 39)

uJIA
(n = 11)

Corticosteroids 107 27 6 10 8 44 2 7 3
Methotrexate 309 79 13 30 81 81 11 12 2
Adalimumab 96 31 3 14 25 9 5 9 0
Tocilizumab 124 2 43 9 14 53 2 0 1
Etanercept 57 15 4 5 21 1 7 4 0
Anakinra 14 0 0 0 0 14 0 0 0
Infliximab 9 3 0 1 1 4 0 0 0
Abatacept 8 0 0 2 4 1 1 0 0
Canakinumab 4 0 0 0 0 4 0 0 0

* ERA = enthesitis related arthritis; Ex- Oligo = extended oligoarthritis juvenile idiopathic arthritis (JIA); DMARD = disease- modifying antirheumatic 
drug; P- Oligo = persistent oligoarthritis JIA; Poly = polyarticular; PsA = psoriatic arthritis; RF = rheumatoid factor; sJIA = systemic JIA; uJIA = 
undifferentiated JIA. 

Figure 2. Disease activity status at the last follow- up visit in the 
Arab juvenile idiopathic arthritis cohort (n = 702).
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across JIA categories at the last follow- up visit. Methotrexate was 
the most common conventional synthetic DMARD, while adali-
mumab was the most common biologic DMARD prescribed. 
The mean ± SD time to begin methotrexate and biologic agents 
from the disease onset was 18.4 ± 29 and 22.2 ± 29 months, 
respectively. At the last follow- up visit, 73.9% of patients (n = 519) 
were in remission, with nearly one- third in remission without med-
ication. On the other hand, 22.6% of patients (n = 159) showed 
active disease despite intensive treatment. In addition, there were 
24 patients with poor compliance to treatment who had active 
disease at the time of data collection (Figure 2). In our cohort, 
uveitis occurred in 8.3% of patients (n = 58) during their disease 
course, mostly in the oligoarticular category (70.7%), while MAS 
occurred in 4.6% of patients (n = 32), mostly in the systemic cat-
egory (84.4%); all were treated successfully. None of our patients 
developed amyloidosis.

Overall, 193 patients (27.5%) experienced joint damage, 
with a mean ± SD JADI- A score of 1.7 ± 4.5, while 156 patients 
(22.2%) had extraarticular damage with a mean ± SD JADI- E score 
of 0.5 ± 1.1. Tables 2 and 3 show the frequency of articular and 
extraarticular damage among JIA categories. The articular damage 
was more frequent among JIA patients with hip and wrist joints, 
followed by knee and elbow joint involvement. There was a statis-
tically significant difference between JIA categories; patients with 
ERA had the highest JADI- A score (P < 0.001). There was a positive 
correlation between high JADI- A score and a family history of JIA 
(P < 0.0001). In addition, there was a positive correlation between 
both damage scores and late initiation of DMARDs (methotrexate 
and biologic agents), indicating that the later the commencement 
of DMARDs, the greater the disease damage (Spearman’s correla-
tion coefficients of 0.39, 0.36, and 0.45, 0.36, respectively). Among 
the extraarticular damage domains, musculoskeletal nonarticular 
damage and growth failure were more noticeable in our patients. 
Although 58 patients had ocular involvement, specifically uveitis, 
only 31 patients had the consequence of chronic uveitis at the last 
follow- up visit assessment. Both JADI- A and JADI- E had a signifi-
cant correlation with long disease duration (P < 0.04). There was a 

negative correlation between the age of onset and JADI- A score, 
indicating that the younger the age of onset, the more the articu-
lar damage (Spearman’s correlation coefficient 0.14). None of the 
other variables correlated significantly with either JADI- A or JADI- E. 
Table 4 shows the correlation of various variables with JADI- A and 
JADI- E.

DISCUSSION

Data about the long- term outcome of JIA are increasingly 
reported worldwide. However, the available published data from 
Arab countries about JIA outcome are scarce. In this study, we 
presented the largest set of data on the cumulative damage ever 
reported in Arab children with JIA. Our cohort showed a relatively 
low prevalence of oligoarticular JIA and a higher prevalence of 
RF+ polyarticular JIA and systemic JIA compared to other studies. 
The exact explanation for this discrepancy among JIA categories 
compared to other studies remains unclear. However, a high prev-
alence of familial cases and high consanguinity rate, in addition to 
Arab ethnicity, might influence our JIA phenotype. Nevertheless, 
the referral bias cannot be excluded. Our results showed variability 
in the frequency of JIA categories across Arab countries, simi-
lar to the observations from other studies (11,20,21). Most of the 
patients were in clinical remission. However, 22.6% showed active 
disease. The JADI score was calculated at the last follow- up visit, 
with 26.5% and 22.2% of our patients having articular and extraar-
ticular damage, respectively. In comparison with other published 
cohorts, the estimated frequency of disease- related damage in 

Table 2. Frequency of articular and extraarticular damage in Arab 
JIA cohort (n = 702), measured by JADI scores*

Articular 
JADI ≥1

Extraarticular 
JADI ≥1

Persistent oligoarthritis 34/202 (16.8) 36/202 (17.8)
Extended oligoarthritis 13/43 (30.2) 10/43 (23.3)
RF+ polyarthritis 19/48 (39.6) 10/48 (20.8)
RF–  polyarthritis 58/159 (36.5) 40/159 (25.2)
Systemic 41/172 (23.8) 38/172 (22.1)
Psoriatic arthritis 7/28 (25) 7/28 (25)
Enthesitis- related 

arthritis
19/39 (48.7) 13/39 (33.3)

Undifferentiated 2/11 (18.2) 2/11 (18.2)
* Values are the number/total number of patients (%). JADI = juvenile 
arthritis damage index; JIA = juvenile idiopathic arthritis; RF  = 
rheumatoid factor. 

Table 3. Frequency of articular and extraarticular damage in Arab 
JIA cohort (n = 702), by type*

Category Values
Articular damage

Hip 142 (23.3)
Wrist 137 (22.5)
Knee 113 (18.5)
Elbow 105 (17.2)
Ankle 50 (8.2)
Shoulder 25 (4.1)
Cervical 24 (3.9)
TMJ 14 (2.3)

Extraarticular damage
MSK nonarticular 93 (38.1)
Leg length discrepancy 41 (16.8)
Muscle wasting 28 (11.5)
AVC 10 (4.1)
AVN 8 (3.3)
Osteoporosis 6 (2.5)
Growth failure 70 (28.7)
Ocular 31 (12.7)
Striae 25 (10.2)
Pubertal delay 15 (6.1)
DM 10 (4.1)

* Values are the number of patients (%). AVC = abnormal vertebral 
curve; AVN = avascular necrosis; DM = diabetes mellitus; JIA = juvenile 
idiopathic arthritis; MSK = musculoskeletal; TMJ = temporomandibular 
joint. 
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Arab children with JIA appears to be high, unlike the findings 
from the multicenter Nordic JIA cohort, which showed a lower 
incidence of JADI- A score (13.4%) (11). This discrepancy may be 
related to the differences in the ethnicity or quality of the health 
care system in the Scandinavian countries. Furthermore, disease 
damage in our cohort was assessed over time and with indetermi-
nate, wide disease duration, while the Nordic JIA cohort was from 

a distinct population base at a defined time after disease duration. 
Therefore, comparisons should be interpreted carefully (11). On 
the other hand, our cohort, in contrast to published studies of 
Indian cohorts, had a longer disease duration and a lower rate 
of cumulative damage (12,22). The nature of the studies, poten-
tial referral bias, and ethnic differences may explain the observed 
differences in damage. Table 5 shows the comparison of our find-
ings with international data.

The long- term outcome of JIA may possibly be affected by 
several factors. Numerous variables have been proposed as early 
predictors of global, articular, and extraarticular damage in JIA 
patients. However, most predictors were not validated (23,24). 
Consanguinity and family history of JIA were not considered as pre-
dictive outcome variables in the previous reports. The familial aggre-
gation of JIA represents 11.3% of our patients. This study shows 
a unique finding in the form of a positive correlation between artic-
ular damage and the presence of a family history of JIA, indicating 
that patients with a positive family history of JIA might experience a 
chronic course associated with more significant articular damage. 
This finding emphasized the findings of our previous observation, 
which showed that patients with familial JIA had a refractory and 
progressive disease course, with limited functional capacity (25).

Although ERA represented a small percentage of our data 
compared to other categories, patients with ERA had more articu-
lar damage, similar to previous reports, which showed high articu-
lar damage and significant functional limitations (26). Interestingly, 
a recent study showed that children with enthesitis had worse 
scores in multiple patient- reported outcomes than those without 

Table 4. Disease damage in Arab children with JIA by clinical 
variables, measured with JADI scores*

Variable JADI- A JADI- E
Sex† 0.5 0.9
Age at onset‡ 0.14 (P = 0.001) – 0.02 (P = 0.6)
Disease duration‡ 0.4 (P = 0.02) 0.3 (P = 0.04)
JIA category†

Oligoarthritis 0.072 0.53
Polyarthritis 0.45 0.29
Systemic arthritis 0.09 0.16
Psoriatic arthritis 0.14 0.11
Enthesitis- related arthritis 0.001 0.31
Undifferentiated arthritis 0.81 0.09

Family history of JIA† <0.0001 0.15
Late starting methotrexate‡ 0.39 (P = 0.02) 0.36 (P = 0.04)
Late starting biologic agents‡ 0.45 (P = 0.01) 0.36 (P = 0.04)
Hip joint involvement† <0.0001 <0.0001
Wrist joint involvement† <0.0001 <0.0001

* JADI- A = juvenile arthritis damage index– articular; JADI- E = juvenile 
arthritis damage index– extraarticular; JIA = juvenile idiopathic 
arthritis. 
† Nonparametric variables were compared by Mann- Whitney U test 
and Kruskal- Wallis test. 
‡ Correlation coefficient by Spearman’s test was used to correlate 
continuous variables. 

Table 5. Comparison of cumulative damage in Arab children with JIA with international cohorts*

PRAG cohort
Nordic cohort

(ref. 11)
Indian cohorts

(ref. 12, 22)
Patients, no. 702 423 62 89
Male:female ratio 1:2.1 1:1.9 1:1.4 1.7:1
Age at onset, median (IQR) years 5 (2– 9) 5.5 (2.5– 9.7) 5.8 (0.75– 12.3) 9 (1– 16)
Disease duration, median (IQR) months 48 (24– 84) 98 (95– 102) 24 (7– 60.8) 60 (12– 240)
JIA categories, no. (%)

Oligoarthritis persistent 202 (28.8) 218 (51.5) 14 (22.6) 6 (6.7)
Oligoarthritis extended 43 (6.1) 23 (5.4) 1 (1.6) 9 (10.1)
Polyarticular RF+ 48 (6.8) 4 (0.95) 2 (3.2) 12 (13.5)
Polyarticular RF– 159 (22.6) 93 (22) 24 (38.7) 35 (39.3)
Systemic 172 (24.5) 0 (0) 20 (32.3) 23 (25.8)
Psoriatic 28 (3.9) 6 (1.4) 0 (0) 1 (1.1)
ERA 39 (5.6) 24 (5.7) 1 (1.6) 0 (0)
Undifferentiated 11 (1.6) 55 (13) 0 (0) 0 (0)

Remission, no. (%) or no./total (%)
Off treatment 183 (26.1) 166/410 (40.5) NA 0
On treatment 336 (47.8) 38/410 (9.3) NA 9 (10.1)
Not in remission 183 (26.1) 206/410 (50.2) NA 80 (89.9)

JADI- A, no. (%) 193 (27.5) 29/216 (13.4) 19 (30.6) 54 (60.7)
JADI- E, no. (%) 156 (22.2) NA 15 (24.3) 35 (39.3)
Predictive variables of high cumulative 

damage
Long duration; ERA; late 

DMARDs; family history 
of JIA

No. of active joints; 
polyarticular RF– 

Young age; long 
duration

Long duration; 
polyarticular, systemic 
JIA; no. of active joints

* DMARD = disease- modifying antirheumatic drug; ERA = enthesitis- related arthritis; IQR = interquartile range; JADI- A = juvenile arthritis damage 
index– articular; JADI- E = juvenile arthritis damage index– extraarticular; JIA = juvenile idiopathic arthritis; PRAG = Pediatric Rheumatology Arab 
Group; ref. = reference; RF = rheumatoid factor. 
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enthesitis, which may represent an increased risk for physical 
disability (27). Although we included only patients up to age <14 
years, our finding is consistent with the observation from previously 
published reports, indicating that the longer the disease duration 
with ongoing disease activity, the higher the cumulative disease- 
related damage (8,28). Early referral of JIA patients to the pediatric 
rheumatology clinics is essential to begin proper treatment. Early 
appropriate aggressive treatment with methotrexate and biologic 
agents may modify the disease prognosis and outcome (29– 31). 
Our data showed a significant correlation of cumulative damage 
with late initiation of methotrexate or biologic agents. This delay 
in starting DMARDs cannot be justified, but it might be partially 
explained by the potential variations in treatment modalities and 
resources availability. The optimal time to start DMARDs is still 
unknown. However, early aggressive treatment is highly recom-
mended to achieve clinical remission within 6 months (31,32).

Our study’s main strengths include the wide geographical dis-
tribution of the study cohort among Arab countries from the Mid-
dle East and North Africa. We also used validated tools to measure 
the disease activity that have been culturally validated, such as 
JAMAR, as well as validated tools to measure disease damage. 
Given the high rate of consanguineous marriage in Arab countries, 
we have considered this consanguinity and family  history of JIA as 
additional predictive variables for disease outcome. To our knowl-
edge, these predictive variables have never been investigated 
before and are unique to our cohort of Arab children with JIA. How-
ever, this study has limitations and results should be interpreted 
carefully. The study is a cross- sectional analysis of collected data 
from patients diagnosed over a long period from different centers 
across Arab countries. Patient selection bias cannot be ignored 
because the participating centers did not enroll the same number 
of patients. There are variations in management modalities based 
on the availability of medications and resources.

In summary, this study presents the first and largest data 
set on long- term damage in Arab children with JIA. It shows that 
disease- related damage is common. Family history of JIA and 
longer disease duration are associated with more disease- related 
damage. We hope that this work will help to highlight the burden 
of JIA and increase understanding of the long- term outcome of 
this disease in Arab children. This study may help in developing 
different management strategies for JIA in children. We expect 
that this study will promote the regular use of quantitative tools in 
the clinical assessment of children with JIA across Arab countries.
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Comparing the Patient- Reported Physical Function 
Outcome Measures in a Real- Life International Cohort of 
Patients With Psoriatic Arthritis
Ying Ying Leung,1  Ana- Maria Orbai,2  Maarten de Wit,3  Andra Balanescu,4 Emmanuelle Dernis,5 
Martin Soubrier,6 Lihi Eder,7  Josef S. Smolen,8 Laura C. Coates,9  and Laure Gossec,10  for the 
Remission/Flare in PsA Study Group

Objective. We evaluated the psychometric properties of 3 patient- reported outcome measures to assess the 
physical function in psoriatic arthritis (PsA).

Methods. Data were available for the Health Assessment Questionnaire disability index (HAQ DI), the 12- item 
Short Form instrument physical component summary (SF- 12 PCS), and the Psoriatic Arthritis Impact of Disease 
instrument functional capacity score (PsAID- FC). Data came from a longitudinal study in 14 countries of consecutive 
adults with definite PsA with ≥2 years of duration. The score distribution, construct validity, responsiveness, and 
thresholds of meaning of the patient- reported outcome measures were evaluated.

Results. At baseline, 414 subjects (52% male) were analyzed. The mean ± SD age was 52.4 ± 12.5 years 
and duration of illness was 10.9 ± 8.1 years. Ceiling effects were noted in 31% and 21% of patients for HAQ DI 
and PsAID- FC, respectively; floor effects were minimal. All 3 patient- reported outcome measures met a priori 
hypotheses for construct validity. After a median follow- up of 4.1 (interquartile range 2.7) months in 350 patients, 
27%, 54%, and 18% of patients reported themselves improved, not changed, and worsened, respectively. 
Change scores were statistically different for groups for worsening versus no- change for all patient- reported 
outcome measures. PsAID- FC was more sensitive to change than the other 2 patient- reported outcome measures. 
Comparing groups with worsening condition to no- change, the standardized response mean square ratios were 
HAQ DI 29.9, SF- 12 PCS 16.7, and PsAID- FC 40.1.

Conclusion. HAQ DI, SF- 12 PCS, and PsAID- FC are valid measures of physical function for PsA. PsAID- FC, a 
single question, performed similarly to the other patient- reported outcome measures and may be an additional option 
to measure PsA- specific physical function.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic inflammatory disease 
with diverse manifestations, including peripheral joint inflamma-
tion, dactylitis, enthesitis, spine inflammation, skin psoriasis, and 

nail lesions. It has a tremendous impact on patients’ lives, affect-
ing multiple aspects (1,2). Inflammation of joints leads to pain and 
loss of function, and structural damage resulting from PsA has 
been well recognized (3,4). Many patients with PsA experience 
significant joint damage and disability over time (5,6). For these 
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reasons, physical function is an important outcome in PsA and 
is one of the core domains to be monitored in every randomized 
controlled trial (RCT) and longitudinal observational study for PsA 
(7,8).

Several patient- reported outcome measures that assess 
physical function in PsA (9,10) have been used in clinical trials (11), 
although none were developed specifically for PsA. The Health 
Assessment Questionnaire disability index (HAQ DI) has been the 
most commonly used patient- reported outcome measure, fol-
lowed by the physical component summary (PCS) and the phys-
ical functioning domain of the Medical Outcomes Study 36- item 
Short Form instrument (SF- 36). Apart from 2 studies that evaluated 
the construct validity of HAQ DI and SF- 36 physical functioning 
(12,13), the validity and responsiveness of different patient- reported 
outcome mea sures for the assessment of physical function in PsA 
have not been compared. The SF- 12 is a short version of the SF- 
36 and was recently proposed be a feasible option to replace the 
SF-36 in scoring a composite measure of disease activity in PsA, 
giving similar results as the original formula (14).

Physical function is also an important aspect of health- related 
quality of life (HRQoL). HRQoL is a multidimensional concept 
influenced by individuals’ experiences of their illness and treat-
ment, interacting with individuals’ beliefs, expectations, culture, 
and environment (15,16). HRQoL is also one of the core domains 
to be measured for PsA (8). The Psoriatic Arthritis Impact of Dis-
ease instrument (PsAID) is a multifaceted tool developed from 
the perspective of patients with PsA to assess both the physical 
and psychological impact specifically for PsA (17). The domains 
of importance to PsA were derived from patients with PsA and 

validated across 13 European countries. The Outcome Measures 
in Rheumatology (OMERACT) has recently provisionally endorsed 
PsAID as a measurement of HRQoL domain for PsA (18). The PsAID 
includes a numeric rating scale (NRS) for physical function (PsAID 
functional capacity [FC]). The psychometric properties of PsAID- FC 
for the assessment of physical function in PsA have not been eval-
uated. Individual components of the PsAID have been previously 
suggested for use as single measures of PsA impact domains (19).

In this study, we aimed to compare the score distribution, 
construct validity, known group validity (distinguishing patients with 
or without remission), responsiveness, and thresholds of meaning 
of 3 patient- reported outcome measures, HAQ DI, SF- 12 PCS, 
and PsAID- FC, for the assessment of physical function in PsA.

MATERIALS AND METHODS

Participants. We used data from the Remission/Flare in 
PsA study (NCT03119805), which was a prospective longitudi-
nal observational study in 14 countries of consecutive adults with 
physician- diagnosed PsA with ≥2 years of disease duration (20). 
Ethics approval was obtained in each country or center, and all 
patients signed informed consents prior to participation. Inves-
tigators were advised to consider the Classification of Psoriatic 
Arthritis criteria for classification of PsA. Patients without definite 
PsA or with <2 years of disease duration, and patients who did 
not speak or read the local language, were excluded. Patients 
were interviewed twice, at baseline and at a follow- up time point 
1– 6 months apart, according to usual practice. The study did not 
include a specific intervention.

Data collection. Patient demographic variables were col-
lected, including age, sex, work status, level of education, date 
of PsA onset, and the current treatment (yes/no to methotrex-
ate, leflunomide, sulfasalazine, D- penicillamine, etanercept, adal-
imumab, infliximab, golimumab, certolizumab, secukinumab, 
ustekinumab, oral glucocorticoids, and others). Information on 
comorbidities was collected using the Functional Comorbidity 
Index (21). Physical examination included assessment of swol-
len and tender joint count (66/68 joints), Leeds enthesitis count 
(6 sites), and body surface area of psoriasis. Patients completed 
the patient- reported outcome mea sures that assess physical 
function in their own languages, in paper and pencil format.

HAQ DI. The HAQ DI was developed for rheumatoid arthritis 
(RA) (22), and adapted for use in PsA. It has 20 items assess-
ing 8 domains: dressing, rising, eating, walking, hygiene, reach, 
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• We demonstrated the construct validity, respon-

siveness, and thresholds of meaning of the Health 
Assessment Questionnaire disability index (HAQ 
DI), the physical component summary score of the 
12- item Short Form instrument, and the Psoriatic 
Arthritis Impact of Disease instrument functional 
capacity score (PsAID- FC) to assess physical func-
tion in psoriatic arthritis.

• The PsAID- FC had less ceiling effect compared to 
the HAQ DI.

• PsAID- FC has better responsiveness than the other 
2 generic patient- reported outcome measures.

• PsAID- FC can be used to measure physical function 
in PsA at the same time as measuring life impact 
through administration of the PsAID questionnaire.
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grip, and usual activities, with scores ranging from 0 = none to 
3 = maxi mum disability. The threshold considered to represent 
the minimum clinically important difference (MCID) for improve-
ment in PsA RCTs is a score of 0.35 (23).

SF- 12. The SF- 12 is a generic, multipurpose survey with 
12 questions selected from the SF- 36 that results in 2 weighted 
summary scores of mental component score (MCS) and PCS to 
represent overall HRQoL (24). The physical functioning summary 
(SF- 12 PCS) was scored according to the method by the original 
authors (25). The SF- 12 has not been formally validated in a PsA 
population, and no MCID threshold has been defined for the SF- 
12 PCS in PsA (9).

PsAID functional capacity. The PsAID (17) is a composite 
instrument developed to assess both the physical and psycholog-
ical impact of PsA (17). The PsAID assesses health impacts attrib-
uted to PsA in the past week. Within the PsAID, physical function 
was assessed in 1 item (PsAID- FC) as follows: “Circle the number 
that best describes the difficulty you had in doing daily physical 
activities due to your psoriatic arthritis during the last week.” The 
response was recorded on an 11- point NRS (where 0 = no diffi-
culty and 10 = extreme difficulty). No MCID threshold has been 
defined for the PsAID- FC.

Pain and global patient- reported outcome mea-
sures, and global disease status change. Three patient- 
reported outcome measures for patient global assessment of 
arthritis (PtGA- arthritis), pain, and skin (PtGA- skin) were recorded 
on an 11- point NRS (where 0 = very good and 10 = very bad). 
To assess global disease status, at follow- up visits, patients 
were asked: “Think about all the ways your psoriatic arthritis has 
affected you during the last 48 hours. Compared to your last 
assessment with your rheumatologist, how did you feel during the 
last 48 hours? (improved/no change/worse).”

Patient- reported disease status. At both visits, patients 
were asked about their own perception of PsA remission: “At this 
time, is your psoriatic arthritis in remission, if this means: you feel 
your disease is as good as gone?” (for remission) and “At this 
time, are you in low disease activity, if this means: your disease is 
in low activity but it’s not as good as gone?” (for low disease activ-
ity [LDA]). The wording for these items was developed with input 
from patient research partners (20). Patients were also asked 
whether they were at a patient- acceptable symptom state (PASS) 
(26): “If you were to remain for the next few months as you were 
during the last 48 hours, would this be acceptable or unaccept-
able for you? (acceptable/ unacceptable).”

Table 1. Baseline characteristics of the psoriatic arthritis cohort, Remission/Flare in PsA study*

All eligible 
patients, baseline

(n = 454)

Patients with complete 
data set

Baseline
(n = 414)

Follow- up
(n = 350)

Male, % 50.4 51.5 51.0
Age, years 52.2 ± 12.6 52.4 ± 12.5 53.1 ± 12.4
Duration of PsA, years 10.9 ± 8.4 10.9 ± 8.1 10.8 ± 8.8
Continent, %

Asia 6.4 7.0 8.0
Europe 68.7 66.2 65.1
North America 18.1 19.6 19.1
South America 6.8 7.2 7.7

Education, years 12.3 ± 4.4 12.3 ± 4.5 12.2 ± 4.5
Paid work, % 56.2 56.6 54.6
Swollen joint count (0– 66) 2.20 ± 6.94 1.30 ± 2.92 1.26 ± 2.83
Tender joint count (0– 68) 4.68 ± 9.46 3.96 ± 7.80 3.70 ± 6.85
Body surface area affected by psoriasis, no. (%)

None 158 (36.1) 143 (34.9) 130 (37.1)
1– 5 236 (53.9) 221 (53.6) 176 (50.3)
6– 20 35 (8.0) 29 (7.1) 31 (8.9)
>20 9 (2.1) 6 (1.5) 3 (0.9)

Patient global assessment for arthritis (0– 10) 4.20 ± 2.75 4.06 ± 2.71 3.99 ± 2.72
Pain (0– 10) 4.12 ± 2.80 4.02 ± 2.75 3.83 ± 2.76
Patient global assessment for skin (0– 10) 3.02 ± 2.87 2.88 ± 2.75 2.55 ± 2.56
MDA, % 37.7 40.4 39.4
DAPSA LDA, % 56.4 58.1 55.7
Current cDMARDs, % 62.4 62.9 59.2
Current bDMARDs, % 61.1 61.3 61.2

* Values are the mean ± SD unless indicated otherwise. bDMARDs = biologic disease- modifying 
antirheumatic drugs; cDMARDs = conventional DMARDs; DAPSA = Disease Activity Index for Psoriatic 
Arthritis; LDA = low disease activity criteria by DAPSA; MDA = minimal disease activity; PsA =psoriatic 
arthritis. 
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Composite measures of disease activity. Treatment 
targets for PsA have been proposed through a consensus exer-
cise as very low/minimal disease activity or Disease Activity Index 
for Psoriatic Arthritis (DAPSA) remission/LDA (21,27). For remis-
sion/LDA, 2 methods of definition were used: 1) DAPSA cutoffs 
of ≤4/≤14 (28,29), respectively, and 2) minimal disease activity 
(MDA)/very low disease activity (VLDA) (30).

Psychometric evaluations. Score distribution. We eval-
uated the 3 patient- reported outcome measures for consistency 
in assessment of physical function according to the instrument 
selection algorithm outlined in the OMERACT filter 2.1 (31,32). 
The 3 physical function patient- reported outcome measures 
(HAQ DI, SF- 12 PCS, and PsAID- FC) were described for score 
distribution and proportion of missing data of the cohort. The floor 
effect (defined as worst possible score for physical capacity) and 
ceiling effect (defined as best possible score for physical capac-
ity) were reported for each patient- reported outcome measure 
individually.

Construct validity. We assessed Spearman’s rho correla-
tions of physical functioning patient- reported outcome meas-
ures using a priori hypotheses (Table 1). Spearman’s rho values 
of <0.3, 0.3 to <0.5, 0.5 to 0.7, and >0.7 were considered 
very weak, weak, moderate, and strong, respectively (33). 
We hypothesized that physical function patient- reported out-
come measures would correlate strongly with each other, and 
less strongly  (moderately to strongly) with disease activity, PtGA- 
arthritis, and the 68 tender joint count. We hypothesized finding 
weak- moderate correlations with the 66 swollen joint count, and 
very weak correlations with PtGA- skin. The expected  direction 
and magnitude of correlation are summarized in Supplemen-
tary Table 1, available on the  Arthritis Care & Research web-
site at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24139/ 

abstract. We also evaluated whether the patient- reported 
 outcome  measures for physical function may distinguish groups 
that are known to be different. The known groups evaluated were 
patient- defined remission/LDA in comparison with the group at 
higher disease activity levels.

Longitudinal construct validity. This psychometric prop-
erty is traditionally known as responsiveness. We first evaluat-
ed the correlations between change scores of physical function 
patient- reported outcome measures with other patient- reported 
outcomes. The correlations were expected to be less strong 
compared with those of construct validity, but with a similar pat-
tern (see Supplementary Table 1, available on the Arthritis Care 
& Research website at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24139/ abstract). We evaluated the change of score in the HAQ 
DI, SF- 12 PCS, and PsAID- FC, anchoring with patient- defined 
change of condition at the follow- up visit (improved/no change/
worse). We calculated the effect size by Cohen’s d (mean change 
in scores/pooled SD) (34,35) and standardized response mean 
(SRM; mean change in scores/SD of the change scores) (35). The 
effect sizes are interpreted as trivial (effect size <0.20), small (effect 
size ≥0.20 and <0.50), moderate (effect size ≥0.50 and <0.80), or 
large (effect size ≥0.80) (36). We also calculated the relative effec-
tiveness by dividing the square of the SRM of the improved/worse 
group by the SRM of the placebo group (SRM2 ratio).

Threshold of meaning. We evaluated several thresholds 
of meaning for interpretation. We evaluated the cutoffs for the 
3 patient- reported outcome measures to predict the following 
outcomes with the external anchor: 1) MCID for improvement/ 
worsening, anchored with the group of patients endorsing 
 “improved/worse” to the change in condition question at the follow- 
up visit; the mean change of scores from baseline to follow- up for 
each patient- reported outcome was taken as the MCID (37,38); 2) 
remission: VLDA and DAPSA remission; 3) achieving at least LDA 

Table 2. Physical function patient- reported outcome measures score distribution*

No. Mean ± SD Median (IQR)
Floor 

effect, %
Ceiling 

effect, %
HAQ DI

Baseline 414 0.64 ± 0.68 0.50 (0.00– 1.13) 0 31.2
Follow- up 350 0.63 ± 0.64 0.50 (0.00– 1.13) 0 28.6

SF- 12 PCS
Baseline 414 41.4 ± 11.0 42.1 (32.9– 51.0) 0 0
Follow- up 350 41.2 ± 10.4 42.2 (33.1– 50.3) 0 0

PsAID- FC
Baseline 414 3.54 ± 2.99 3.00 (1.00– 6.00) 2.2 20.6
Follow- up 350 3.57 ± 3.05 3.00 (1.00– 6.00) 2.6 22.0

PsAID
Baseline 414 3.27 ± 2.38 2.80 (1.29– 4.91) 0 2.2
Follow- up 350 3.15 ± 2.33 2.78 (1.20– 5.01) 0 3.7

* Floor and ceiling effects were defined as scores representing maximal and 
minimal level of physical capacity by the patient- reported outcome. HAQ DI = Health 
Assessment Questionnaire disability index; IQR = interquartile range; PsAID = Psoriatic 
Arthritis Impact of Disease instrument; PsAID- FC = PsAID functional capacity; SF- 12 
PCS = Medical Outcomes Study Short Form 12 instrument physical component score. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
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(inclusive of patients in remission): MDA and DAPSA LDA; and 4) 
patient- acceptable disease status (PASS), anchored with the group 
of patients endorsing “acceptable” for the PASS question.

For threshold of remission/LDA/PASS, the cutoff scores of 
the patient- reported outcome measures were established by 
2 methods, first using the 25th/75th centile of scores (39); second 
is the receiver operating characteristic (ROC) curve and the cutoff 
correspondent to the Youden’s J index (40) for the group identified 
by the external anchors as mentioned. For the MCID for worsen-
ing, the change scores of the patient- reported outcome measures 
from baseline to follow- up visits were used, whereas for other out-
comes, data for baseline were calculated.

For all analyses, patients with missing data for a patient- 
reported outcome were excluded from analysis of that particular 
patient- reported outcome. Statistical analyses were conducted 
using SPSS statistics, version 25 (41). The effect size analyses 
were conducted using Medcalc statistical software, version 19.1 

(42). All reported P values were 2- sided, and P values less than 
0.05 were considered statistically significant.

RESULTS

Of 466 patients recruited, 12 were ineligible (no confirmed 
PsA diagnosis [n = 11] and age <18 years [n = 1]). Of these 
454 eligible patients, 394 were followed up after a median of 
4.1 months (interquartile range 3.0– 5.7 months). Missing data for 
the HAQ DI, SF- 12 PCS, and PsAID- FC at baseline were 1.3%, 
7.5%, and 0.2%, respectively. The respective values for missing 
data at follow- up were 0.8%, 4.1%, and 2.0%, respectively.

For all other analyses with baseline data, we included 
414 patients who had complete data for all 3 patient- reported 
outcome measures at baseline. For analysis of the follow- up 
data, we included 350 patients who had complete data for all 
3 patient- reported outcome measures at both time points. The 

Table 3. Spearman’s rho correlations between physical function patient- 
reported outcome measures with other measures*

No.

Spearman’s rho†

HAQ DI SF- 12 PCS PsAID- FC
HAQ DI

Baseline 414 – – 0.788 0.711
Follow- up 350 – – 0.751 0.725

SF- 12 PCS
Baseline 414 – 0.788 – – 0.751
Follow- up 350 – 0.751 – – 0.754

PsAID- FC
Baseline 414 0.711 – 0.751 – 
Follow- up 350 0.725 – 0.754 – 

PtGA- arthritis
Baseline 414 0.608 – 0.665 0.784
Follow- up 350 0.609 – 0.666 0.747

Pain
Baseline 414 0.605 – 0.651 0.757
Follow- up 350 0.612 – 0.647 0.771

PtGA- skin
Baseline 414 0.228 – 0.241 0.364
Follow- up 350 0.287 – 0.284 0.350

Swollen joint count (66)
Baseline 414 0.316 – 0.291 0.292
Follow- up 350 0.256 – 0.191 0.272

Tender joint count (68)
Baseline 414 0.481 – 0.469 0.472
Follow- up 350 0.446 – 0.391 0.511

DAPSA
Baseline 414 0.593 – 0.600 0.687
Follow- up 350 0.603 – 0.554 0.716

PsAID
Baseline 414 0.707 – 0.731 0.902
Follow- up 350 0.724 – 0.721 0.912

* DAPSA = Disease Activity Index for Psoriatic Arthritis; HAQ DI = Health 
Assessment Questionnaire disability index; PsAID = Psoriatic Arthritis 
Impact of Disease instrument; PsAID- FC = PsAID functional capacity; PtGA- 
arthritis = patient global assessment of joint condition; PtGA- skin = patient 
global assessment of skin condition; SF- 12 PCS = Medical Outcomes Study 
Short Form 12 instrument physical component score. 
† All P < 0.001. 
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characteristics of patients included in the analysis are summa-
rized in Table 1. Half of these patients were men, mean ± SD age 
and disease duration at baseline were 52.4 ± 12.5 and 10.9 ± 8.1 
years, respectively. Patients came from 14 countries across 4 
continents; they had moderate disease affecting joints and mild 
disease affecting skin. At baseline, 40% and 58% fulfilled LDA cri-
teria (including VLDA or remission) by MDA and DAPSA, respec-
tively. A total of 63% were taking conventional disease- modifying 
antirheumatic drugs (DMARDs), and 61% were taking biologic 
DMARDs.

Score distribution. Score distribution of the 3 patient- 
reported outcome measures for physical function is summarized 
in Table 2. Ceiling effects were noted in one- third of patients for 
HAQ DI and in 20% for SF- 12 PCS. Internal consistency measured 
by Cronbach’s alpha for HAQ DI was 0.92. Cronbach’s alpha was 
not applicable for SF- 12 PCS and the single item PsAID- FC.

Construct validity. The patient- reported outcomes for 
physical function met a priori hypotheses (Table 3). As we hypothe-
sized, the patient- reported outcome measures correlated strongly 
with each other. As expected, we found the highest correlation 
(rho >0.9) between PsAID- FC and PsAID because the former is 
a component of the latter. The physical function patient- reported 
outcomes correlated strongly with each other (rho >0.7), moder-
ately to strongly with PtGA- arthritis (rho 0.61– 0.78) and pain (rho 
0.61– 0.77), moderately with tender joint count (rho 0.39– 0.51) and 
DAPSA (rho 0.55– 0.72), weakly with swollen joint count (rho 0.19– 
0.32), and very weakly with PtGA- skin (rho 0.24– 0.36). Average 
scores for all 3 physical function patient- reported outcome mea-
sures distinguished groups of patients in remission, LDA, and 
PASS versus not achieving the respective status (all P < 0.01) (see 

Supplementary Table 2, available on the Arthritis Care & Research 
website at http://onlin elibr ary.wiley.com/doi/10.1002/acr.24139/ 
abstract).

Longitudinal construct validity. The correlations 
between change scores of physical function patient- reported 
outcome measures and other measures were consistent with 
the hypothesized magnitude and direction (see Supplementary 
Table 3, available at http://onlin elibr ary.wiley.com/doi/10.1002/
acr.24139/ abstract). Similarly, the change scores for physical 
function patient- reported outcome measures strongly correlated 
with each other, moderately with disease activity indices (joint 
count, pain, PtGA- arthritis), and weakly with PtGA- skin.

Among the 350 patients who had follow- up and a com-
plete data set for all 3 patient- reported outcome measures at 
both time points, 27%, 54%, and 18% reported their condi-
tion had improved, did not change, or got worse, respectively. 
Compared to the change scores of the group who reported 
no change, the change scores for all 3 patient- reported out-
come measures in the worse group were statistically signifi-
cantly different, but not for the change scores in the improved 
group (Table 4). All 3 patient- reported outcome measures 
for physical function were more sensitive for worsening than 
improvement. Moderate effect sizes were seen in all 3 patient- 
reported outcome measures in mea surement of worsening. 
The SRM scores for worsening for the HAQ DI, SF- 12 PCS, and 
PsAID- FC were 0.37, – 0.45, and 0.38, respectively. Although 
the effect size estimations (Cohen’s d and SRM) were similar 
across the physical function patient- reported outcome meas-
ures, the relative effectiveness (SRM2 ratio) was higher for 
PsAID- FC than for the other 2 generic patient- reported out-
come measures for physical function for worsening (Table 4).

Table 4. Responsiveness of the patient- reported outcome measures for physical function*

Baseline 
score

Change 
score

Responsiveness

SRM2 
ratio†

Cohen’s d
(95% CI)

SRM
(95% CI)

HAQ DI (0– 3)
Improved (n = 95) 0.78 ± 0.75 – 0.16 ± 0.87 – 0.24 (– 0.48, 0.04) – 0.19 (– 0.38, 0.04) 7.37
No change (n = 189) 0.59 ± 0.66 – 0.05 ± 0.81 – 0.08 (– 0.27, 0.08) – 0.07 (– 0.21, 0.07) – 
Worse (n = 64) 0.65 ± 0.64 0.30 ± 0.81‡ 0.46 (0.12, 0.78) 0.37 (0.10, 0.61) 27.9

SF- 12 PCS (0– 100)
Improved (n = 95) 41.0 ± 10.5 0.84 ± 14.2 0.08 (– 0.23, 0.34) 0.06 (– 0.17, 0.24) 0.30
No change (n = 189) 41.4 ± 11.5 1.54 ± 13.5 0.14 (– 0.06, 0.31) 0.11 (– 0.04, 0.25) – 
Worse (n = 64) 41.4 ± 10.7 – 6.05 ± 13.‡ – 0.57 (– 0.92, – 0.24) – 0.45 (– 0.74, – 0.19) 16.7

PsAID- FC (0– 10)
Improved (n = 95) 3.66 ± 2.95 – 0.56 ± 4.08 – 0.19 (– 0.46, 0.10) – 0.14 (– 0.33, 0.08) 5.4
No change (n = 189) 3.34 ± 2.97 – 0.23 ± 3.83 – 0.08 (– 0.26, 0.11) – 0.06 (– 0.20, 0.09) – 
Worse (n = 64) 4.05 ± 3.08 1.54 ± 4.0‡ 0.51 (0.16, 0.87) 0.38 (0.12, 0.66) 40.1

* Values are the mean ± SD unless indicated otherwise. 95% CI = 95% confidence interval; HAQ DI = Health 
Assessment Questionnaire disability index; MDA = minimal disease activity; PsAID- FC = Psoriatic Arthritis Impact of 
Disease instrument functional capacity; SF- 12 PCS = Medical Outcomes Study Short Form 12 instrument physical 
component score; SRM = standardized response mean; SRM2 = mean change in scores/SD of the change scores. 
† Compared to the no- change group. 
‡ P < 0.05 by Kruskal- Wallis test. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
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Threshold of meaning. The mean ± SD MCID scores 
for improvement/ worsening for HAQ DI were – 0.16 ± 0.87 for 
improvement and 0.30 ± 0.81 for worsening; for SF- 12 PCS they 
were 0.84 ± 14.2 for improvement and – 6.05 ± 13.4 for worsen-
ing; for PsAID- FC they were – 0.56 ± 4.08 for improvement and 
1.54 ± 4.01 for worsening (Table 4). The cutoffs for physical function 
patient- reported outcome measures that define patient- defined 
remission/LDA/PASS are shown in Table 5. Further information on 
remission/LDA by composites is given in Supplementary Table 4, 
available on the Arthritis Care & Research website at http://online 
libr ary.wiley.com/doi/10.1002/acr.24139/ abstract. The  thresholds 
to define PASS and LDA were similar and more stringent for 
remission. Using the 75th centile and ROC methods, the respec-
tive cutoffs for patient- defined remission/LDA were 0.5– 0.63/0.75 
for HAQ DI, 43.5/36.7– 38.0 for SF- 12 PCS, and 2.0/3.0– 4.0 for 
PsAID- FC (Table 5).

DISCUSSION

Data from the current study support the similar construct 
validity according to our a priori hypothesis for PsAID- FC com-
pared to the HAQ DI and SF- 12 PCS in PsA. The 3 patient- 
reported outcome measures distinguished groups hypothesized 
to be different: patient- defined remission/LDA/PASS versus those 
patients not achieving these states. All 3 patient- reported out-
come mea sures were more sensitive to worsening than improve-
ment. The PsAID- FC was more sensitive to change compared 
with the other 2 generic patient- reported outcome measures. The 
cutoff threshold for remission/LDA/PASS was shown as reference. 
Among the 3 patient- reported outcome measures, PsAID- FC had 

the least missing data and supported the feasibility of PsAID- FC 
in clinical practice. The SF- 12 PCS had the most missing data, 
while having no ceiling and floor effects. Compared to the HAQ DI, 
PsAID- FC had less ceiling effect in measurement.

Both physical function and HRQoL are within the core domain 
set to be measured in all clinical trials and observational studies 
(8). The World Health Organization defines health as a “state of 
complete physical, mental, and social wellbeing, and not merely 
the absence of disease” (43). Physical function has always been 
an integral component of HRQoL, despite not encompassing the 
totality of it. Physical function in PsA has been assessed in obser-
vational studies and RCTs using different measures. The HAQ DI 
and SF- 36 have been the most commonly used measures for 
physical function in clinical trials. The construct validity of the HAQ 
DI has been demonstrated in PsA (12,13,38,44,45). The HAQ DI 
is the most widely used patient- reported outcome measure for 
physical function in clinical trials and generally shows responsive-
ness to change and good discrimination between active treat-
ments and placebo (11). The HAQ DI was originally developed 
for RA (22) and later adapted to be a generic measurement of 
physical function for arthritis. Although patients with PsA share 
some features with RA, there are differences in manifestations, 
including more involvement of lower extremities, spine, enthesitis, 
dactylitis, and skin that may not be captured by the HAQ DI.

The concern for “domain match” of the HAQ DI to physi-
cal function in PsA has been raised. In a face- to- face discussion 
exercise followed by Delphi voting (both PsA experts and patient 
research partners), 56% of patients voted “uncertain” for use 
of the HAQ DI in PsA assessment (46). In addition, the HAQ DI 
has more pronounced ceiling effect in patients with PsA than RA. 

Table 5. Thresholds of meaning for each physical function patient- reported outcome measure*

Patient- defined 
remission
(n = 86)

Patient- defined 
LDA

(n = 245)
PASS

(n = 280)
HAQ DI

Median 0.00 0.25 0.13
75th centile of scores† 0.50 0.75 0.63
Youden’s J index cutoff from ROC‡ 0.63 0.75 0.63
Sensitivity/specificity/AUC 0.88/ 0.47/ 0.71 0.79/ 0.55/ 0.69 0.76/ 0.72/ 0.81

SF- 12 PCS
Median 50.1 46.4 46.9
75th centile of scores† 43.5 36.7 38.3
Youden’s J index cutoff from ROC‡ 43.5 38.0 39.6
Sensitivity/specificity/AUC 0.76/0.61/0.71 0.73/0.59/0.68 0.73/0.78/0.81

PsAID- FC
Median 1.00 2.00 2.00
75th centile of scores† 2.00 4.00 4.00
Youden’s J index cutoff from ROC‡ 2.00 3.00 3.00
Sensitivity/specificity/AUC 0.79/0.64/0.76 0.70/0.68/0.74 0.73/0.84/0.85

* AUC = area under the curve of the receiver operating characteristic (ROC) curve; HAQ DI = Health 
Assessment Questionnaire disability index; LDA = low disease activity; PASS = patient- acceptable 
symptom state; PsAID- FC = Psoriatic Arthritis Impact of Disease Instrument functional capacity; 
SF- 12 PCS = Medical Outcomes Study Short Form 12 instrument physical component score. 
† The 75th centile of scores in the group as defined by the external anchor. 
‡ The correspondent cutoff from the Youden’s J index from the ROC. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24139/abstract
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In a study using Rasch model analysis, the ceiling effect of HAQ DI 
was 30.4% in PsA compared to 6.9% in RA (12). In another study 
that compared several outcome measures for physical function in 
PsA, the ceiling effect of the HAQ DI in PsA stood high, at 24%, 
compared with 7.5% for the physical functioning domain of the 
SF- 36 (13). This ceiling effect makes the HAQ DI inappropriate 
for modern PsA clinical studies, where physical function is being 
examined at a higher level of functioning than before the availabil-
ity of targeted therapeutics (47).

The physical functioning domain of the SF- 36 may have 
 better construct validity, including less ceiling effect, better fit to 
the Rasch model, with a higher item separation, longer measure-
ment span, and better measurement distribution (12,13). How-
ever, to use the physical functioning domain of the SF- 36, the 
full 36- items must be administered, making the instrument difficult 
to use in clinical practice. The SF- 12 is a shorter version devel-
oped using normative data of SF- 36 in the US, to reproduce the 
2 summary scores (MCS and PCS) (24). The ability to distinguish 
between different disease groups was less precise (25,48) and 
has lower responsiveness compared to SF- 36 (48). The SF- 12 
has not been formally validated in a PsA population (9). In addition, 
the SF- 12 PCS has a more complicated HRQoL concept than 
purely physical function. It could be suitable for large epidemiology 
studies for comparing disease groups with population standards 
(norm) rather than in observational trials where improvement or 
worsening are more relevant. In the current study, we provided 
evidence to support the construct validity of the SF- 12 PCS in 
PsA. The absence of ceiling and floor effects was desirable. How-
ever, the SF- 12 PCS had the most missing data in the whole 
cohort, as high as 7.5% at baseline, which would have an impact 
on its feasibility. In addition, the SF- 12 PCS was the least respon-
sive, particularly for an improvement in PsA.

PsAID has been considered for a multifaceted measurement 
of disease impact for PsA, inclusive of the physical function aspect, 
with great feasibility in observational trials or daily clinical practice 
(18). Although physical function is evaluated in a single item in 
PsAID, the wording for assessment of physical function is framed 
in such a way that it is attributed to PsA per se. The data from this 
study provide evidence for the single- item PsAID- FC in the meas-
urement of physical function in PsA in the setting of real- life cohort 
studies. All 3 patient- reported outcome mea sures were more 
sensitive to worsening than improvement. For instance, the MCID 
scores for the HAQ DI for improvement and worsening were – 0.16 
and 0.3, respectively, which were consistent with those previously 
reported in cohort study setting (38). An MCID score for the HAQ 
DI for improvement of 0.3– 0.35 was derived from previous trial 
settings (23). Although sensitivity to change for patient- reported 
outcome measures is well known to vary in different directions 
(32), an explanation for these differences perhaps lies in the rel-
atively stable condition of the study patients (56% in LDA by 
DAPSA), with scores of physical function patient- reported out-
come measures toward minimal physical functional impairment, 

with higher ceiling effects. This ceiling effect limited the patient- 
reported outcome measures to show further sensitivity to change 
toward good physical function, and in fact change scores were 
not statistically significant at the group level between patients 
who reported improvement versus stable status. The MCID for 
improvement may be more appropriately derived for its intended 
use from clinical trial settings, where patients with active disease 
were expected to improve with a particular treatment. However, 
the MCID for deterioration derived from this cohort study setting 
would be a good guidance for stable patients who have dete-
riorated if there is a change score of +0.3 for HAQ DI, – 6.1 for 
SF- 12 PCS, and +1.5 for PsAID- FC. Of the 3 patient- reported 
outcome measures, the PsAID- FC showed slightly better sensitiv-
ity to change by the SRM2 ratio comparing either the improvement 
group versus the no-change group or the worsening group versus 
the no-change group. The better sensitivity of the PsAID-FC is 
perhaps because of its disease specificity, where patients were 
asked to rate their physical capacity attributed to the effect of 
PsA. Several methods of effect size estimation have been used in 
the current study and have resulted in similar estimation. Guyatt’s 
responsiveness has been proposed as a good alternative method 
for effect size estimation (35). When we calculated Guyatt’s effect 
size, results were similar to effect sizes estimated by Cohen’s d 
and SRM (data not shown).

One of the strengths of our study is the adherence to guide-
lines set forth by OMERACT for outcome measure evaluation 
(31,32). This is the first study to compare the longitudinal valid-
ity and responsiveness of patient- reported outcome measures 
for physical function within the same cohort study design that 
involved a large sample of patients with PsA from 4 continents. 
We also provided the threshold or cutoff of meaning anchored 
by outcomes that are patient- defined. These criteria included the 
remission/LDA/PASS. The wordings of these external anchors 
were developed with input from patients with PsA, and therefore 
the wordings are relevant to patients.

In the current study, the cutoffs changed slightly (within a 
small range) according to the different standards used. Although 
the definite cutoff threshold of meaning may require validation from 
other cohorts, a recommendation is reasonable to take the tighter 
remission/LDA cutoffs of ≤0.5/≤0.75 for HAQ DI, ≥44.0/≥38.0 for 
SF- 12 PCS, and ≤2.0/≤3.0 for PsAID- FC. There are a few limita-
tions for interpretation of the current study. First, the patients in the 
study were recruited from highly specialized tertiary centers. The 
patients had definite PsA of more than 2- year duration, which may 
limit the generalizability to patients with milder or early disease. 
Data from patient- reported outcome measures administered 
in local languages were combined, although the regionally vali-
dated versions were encouraged. Translation of patient- reported 
outcome mea sures, if necessary, has been performed using 
standardized guideline (49) and protocol. The responsiveness for 
improvement of all 3 patient- reported outcome measures was 
relatively small compared to data derived from RCTs (11,23), but 
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rather comparable to data derived from a longitudinal cohort study 
(38). The current study reflects the real situation in longitudinal 
cohort studies, where most patients have been stabilized and 
are not expected to improve over time. The MCID thresholds for 
improvement need to be interpreted with caution due to the high 
floor effect, which is particularly true for the HAQ DI and SF- 12 PCS.

In summary, we report results from an international real- 
life setting study, on the construct validity, responsiveness, and 
thresholds of meaning of the HAQ DI, SF- 12 PCS, and PsAID- FC 
to assess physical function in PsA. The PsAID- FC had less ceiling 
effect compared to the HAQ DI, exhibited similar construct validity 
to the other 2 generic instruments, and was slightly more respon-
sive to change. PsAID- FC can be used to measure physical func-
tion in PsA at the same time as measuring life impact through 
administration of the PsAID questionnaire.
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Adherence to the Dietary Approaches to Stop Hypertension 
Diet and Hyperuricemia: A Cross- Sectional Study
Yun Gao,1 Liu- fu Cui,2 Yuan- yuan Sun,3 Wen- hao Yang,2 Jie- rui Wang,2 Shou- ling Wu,4 and Xiang Gao5

Objective. Although several individual nutrients/foods are associated with uric acid status, the association of 
overall diet quality with hyperuricemia remains unclear. The current study was undertaken to examine the association 
between adherence to the Dietary Approaches to Stop Hypertension (DASH) diet and the odds of having hyperuricemia 
in a Chinese adult population.

Methods. Included were 71,893 Chinese participants in the Kailuan I study and the Kailuan II study (mean age 
51.4 years) who were free of gout prior to or in 2014. Dietary intakes were assessed using a validated food frequency 
questionnaire, and the DASH diet score was calculated based on consumptions of vegetables, fruit, dairy, beans, 
whole grains, meat, fat, sodium, and sugar- sweetened beverages. Fasting blood samples were collected in 2014, and 
hyperuricemia was defined as serum uric acid concentrations of ≥7 mg/dl for men, and of ≥6 mg/dl for women. The 
association between DASH diet score and hyperuricemia was assessed using multiple logistic regression models, 
adjusting for age, sex, total energy, obesity, physical activity, education, smoking, alcohol drinking, blood pressure, 
fasting glucose, lipid profiles, renal function, and presence of cardiovascular disease.

Results. A High DASH diet score was associated with low odds of having hyperuricemia (adjusted odds ratio 
for quartile 4 versus quartile 1 0.70 [95% confidence interval 0.66, 0.75], P for trend < 0.001) after adjusting for 
potential confounders. The association between the DASH diet and hyperuricemia was more pronounced among 
older individuals (age ≥50 years), women, and physically inactive participants compared with their counterparts (P for 
interaction < 0.01 for all).

Conclusion. The DASH diet was associated with a low likelihood of having hyperuricemia in Chinese adults.

INTRODUCTION

Hyperuricemia, which occurs in ~8– 21% of the general 
population (1,2) is a well- established pathogenic factor for gout 
(3) and a potential risk factor for hypertension, type 2 diabe-
tes mellitus, chronic kidney disease, cardiovascular morbidity, 
and mortality (4– 7). Dietary factors have been considered as 
one of the major determinants of hyperuricemia and gout. For 
example, higher consumptions of red meat, seafood, sugar- 
sweetened beverages, and alcoholic beverages have been 
associated with a higher serum uric acid (UA) concentration 
and risk of gout (8– 10). Thus, guidelines for the management 
of gout and hyperuricemia have incorporated relevant dietary 
recommendations (11,12).

However, diet intake is complex, and overall diet quality, 
instead of single nutrients, could provide an overall picture of the 
association between diet and health outcomes (13,14). Higher 
diet quality has been reported to be associated with better health 
status and lower mortality rate (15). Some dietary patterns that 
are composed of the overall diet may be beneficial for prevention 
and treatment of hyperuricemia (10,16). For example, the Dietary 
Approaches to Stop Hypertension (DASH) diet, which was orig-
inally designed to examine the effectiveness of an overall dietary 
pattern for reducing blood pressure (17), has been suggested to 
potentially reduce UA levels in the Western population with hype-
ruricemia (18,19). To validate whether these observed beneficial 
effects in the Western population could apply to the Chinese 
population, which has different dietary patterns and habits, we 

Supported by The Pennsylvania State University College of Health 
and Human Development and Department of Nutritional Sciences (start- 
up grant) and the National Natural Science Foundation of China (grant 
81700087).

1Yun Gao, MD, PhD: West China Hospital, Sichuan University, Chengdu, 
China; 2Liu- fu Cui, MD, Wen- hao Yang, MD, Jie- rui Wang, MD: Kailuan General 
Hospital, Tangshan, China; 3Yuan- yuan Sun, PhD: Institute of Basic Medical 
Sciences, Chinese Academy of Medical Sciences and Peking Union Medical 
College, Beijing, China; 4Shou- ling Wu, MD, PhD: Kailuan General Hospital, 

Tangshan, China; 5Xiang Gao, MD, PhD: The Pennsylvania State University, 
University Park.

No potential conflicts of interest relevant to this article were reported.
Address correspondence to Shou-ling Wu, MD, PhD, Department of Cardiology, 

Kailuan General Hospital, 57 Xinhua East Road, Tangshan 063000, China (email: 
drwusl@163.com); or to Xiang Gao, MD, PhD, Department of Nutritional Sciences, 
Pennsylvania State University, University Park, PA 16802 (email: xxg14@psu.edu).

Submitted for publication August 9, 2019; accepted in revised form 
January 14, 2020.

mailto:
mailto:
https://orcid.org/0000-0003-2617-6509
mailto:drwusl@163.com
mailto:xxg14@psu.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Facr.24150&domain=pdf&date_stamp=2021-03-26


GAO ET AL 604       |

explored the association between adherence to the DASH diet 
and the odds of having hyperuricemia using the cross- sectional 
data from a large- scale cohort study including >70,000 Chinese 
adults. In secondary analyses, we also examined the association 
of various dietary components related to the DASH diet with the 
odds of having hyperuricemia individually.

MATERIALS AND METHODS

Study population. Our study was based on Kailuan stud-
ies I and II, 2 large, prospective cohort studies designed to inves-
tigate risk factors for common noncommunicable diseases. The 
Kailuan I study comprises 101,510 participants ages 18– 98 years 
from Tangshan City, China at the time of enrollment, between 
June 2006 and October 2007. The Kailuan II study was estab-
lished between June 2008 and October 2010, when 35,856 Kai-
luan residents ages ≥18 years who were not part of the Kailuan 
I study were enrolled to complete the first survey. As detailed 
elsewhere (20,21), all participants underwent a comprehensive 
survey, including a questionnaire (e.g., demographic characteris-
tics, medical comorbidities, medication use, and lifestyle factors), 
physical examination, and laboratory tests. The participants’ infor-
mation was updated at follow- up, every 2 years.

In 2014, a total of 99,019 participants from the Kailuan study 
I and the Kailuan study II completed a questionnaire on habitual 
dietary intakes over the preceding year and simultaneously com-
pleted the UA examination. We excluded participants who were 
previously diagnosed as having gout (n = 462), who reported 
an implausible energy intake (<800 kcal/day or >4,000 kcal/
day for men, and <500 kcal/day or >3,500 kcal/day for women) 
(n = 9,916), who had poor results on food frequency question-
naires (FFQs) (n = 14,617), and who provided incomplete informa-
tion on demographic data (n = 2,131), leaving 71,893 participants 
included in the final analysis (Figure 1). The participants in this 
study were younger (51.4 years versus 55.4 years) and included 

a higher proportion of men (80.6% versus 75.6%) than the group 
that was not included. However, the DASH diet score (27.9 versus 
27.0) and serum UA concentrations (309 versus 312 μmoles/liter) 
were similar between these 2 groups. The study was approved by 
the Kailuan General Hospital Ethics Committee. Written informed 
consent was obtained from all participants.

Dietary assessment. Dietary food intake during the last 
year was assessed with a self- administered, semiquantitative FFQ 
with 33 food items and 7 condiments. This FFQ was validated in 
Chinese population and used for the Chinese National Nutrition 
Survey in 2002 (22). Participants answered 2 questions about 
each food item: 1) the frequency of food consumption (never or 
number of times per day, week, or month) in the past year; and 
2) the consumption amount each time in the unit of liangs (50 
gm/liang). The average daily intake of each food item was calcu-
lated by multiplying the intake frequency of each food per day by 
the amount consumed at each time. For condiments, the total 
family consumption (gm) per month and the total number of fam-
ily members eating at home were asked. The average daily intake 
for each condiment was calculated by total family consumption 
divided by total family members and 30 days. Nutrients from each 
food item were calculated based on the Chinese Food Composi-
tion Table (23) by multiplying the nutrient density (nutrient per 100 
gm) for each food item by the average amount of each food item 
per day.

Calculating the DASH diet score (exposure). We cal-
culated the DASH diet score in accordance with scoring methods 
developed by Fung et al (24). The DASH diet score was con-
structed based on food and nutrients emphasized or minimized in 
the DASH diet, focusing on 9 components: vegetables, fruit, dairy, 
beans, whole grains, meat, fat, sodium, and sugar- sweetened 
beverages (25). For each of the components, all participants were 
classified into fifths according to their intake ranking. Component 
scores for vegetables, fruits, dairy, beans, and whole grains were 
assigned 1– 5 points in accordance with the order from lowest 
to highest quintiles, while component scores for sodium, meats, 
fat, and beverages were assigned 1– 5 points in accordance with 
the order from highest to lowest quintiles. The quintiles of each 
component were summed to obtain an overall DASH diet score 
ranging from 9 (worst) to 45 (best).

Ascertainment of hyperuricemia (outcome). After an 
overnight fast (8 hours or longer), serum specimens were col-
lected and then centrifuged, aliquoted, and immediately delivered 
to the central laboratory of the Kailuan General Hospital without 
freezing or storage (20,26). Serum concentrations of UA were 
determined by spectrophotometry (Maccura Biotechnology) with 
the uricase method to form allantoin and H2O2. The intraassay 
and interassay coefficients of variation for serum UA were ≤4.0% 
and ≤5.1%, respectively. Hyperuricemia was defined as a serum 

SIGNIFICANCE & INNOVATIONS
• Evidence on the association between overall diet 

quality and hyperuricemia remains limited, particu-
larly in the Chinese population. We thus examined 
the association between adherence to the Dietary 
Approaches to Stop Hypertension (DASH) diet and 
the odds of having hyperuricemia in a large- scale, 
population- based study.

• This study, including 71,893 Chinese adults, found 
that the DASH diet was associated with a low likeli-
hood of having hyperuricemia.

• The inverse association between the DASH diet and 
hyperuricemia appeared to be more pronounced in 
older individuals (age ≥50 years), women, and in-
dividuals who are physical inactive relative to their 
counterparts.
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urate level ≥7 mg/dl (416 mmoles/liter) for men, and ≥6 mg/dl 
(357 mmoles/liter) for women (26,27).

Assessment of covariates. In the 2014 questionnaire, 
we collected information on covariates, including education level, 
income level, occupation, physical activity, drinking, smoking sta-
tus, use of medications (e.g., sleep medications and antihyper-
tensives), and history of coronary heart disease and stroke. The 
presence of coronary heart disease and stroke was ascertained 
based on reviewing medical records (21,28).

Physical activity levels were defined based on guidelines for 
data processing and analysis of the International Physical Activity 
Questionnaire (29). Those in the “high active” category included 
those who move for at least an hour of moderate- intensity phys-
ical activity or for one- half hour of vigorous- intensity physical 
activity daily. Those in the “moderate active” category included 
those who move for one- half hour of at least moderate- intensity 
physical activity on most days. Those in the “mild active” category 

were defined as those who move but do not meet any of the 
criteria for the abovementioned categories. Weight and height 
were measured by trained field workers during the 2014 interview, 
and body mass index (BMI) was calculated as weight (kg) divided 
by height squared (m2). Systolic and diastolic blood pressure (BP) 
was measured twice from the seated position using a mercury 
sphygmomanometer. We used the average of the 2 readings for 
analysis. After fasting blood samples were collected, we deter-
mined concentrations of glucose, total cholesterol, high- density 
lipoprotein (HDL) cholesterol, low- density lipoprotein (LDL) cho-
lesterol, and triglyceride and serum creatinine using a Hitachi 747 
autoanalyzer (Hitachi) at the central laboratory of the Kailuan Gen-
eral Hospital. The estimated glomerular filtration rate (eGFR) was 
calculated using serum creatinine, sex, and age, according to the 
Modification of Diet in Renal Disease formula (30).

Hypertension was defined as a systolic BP of 140 mm Hg 
or greater, a diastolic BP of 90 mm Hg or greater, a history of 
physician- diagnosed hypertension, or self- reported current 

Figure 1. Flow chart of participants in the study.
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treatment for hypertension with antihypertensive medication. 
Diabetes mellitus was defined as a fasting blood glucose (FBG) 
level of 7 mmoles/liter (126 mg/dl) or higher, a history of physician- 
diagnosed diabetes mellitus, or taking medications for diabe-
tes mellitus.

Statistical analysis. Data were analyzed using SAS, version 
9.4. Participants were divided into 4 groups according to DASH 
diet score quartiles. We used logistic regression to calculate odds 
ratios (ORs) and 95% confidence intervals (95% CIs) and to test 
differences in the odds of having hyperuricemia across DASH diet 
score quartiles. Three multivariate models were employed: model 
1 adjusted for age, sex, and energy; model 2 further adjusted for 
BMI (kg/m2), physical activity (low, moderate, or high), education 
(high school or less, college degree or higher), and current smoker 
(yes, no, unknown); model 3 further adjusted for systolic BP, FBG 
level, triglyceride, HDL cholesterol, LDL cholesterol, eGFR, and 
presence of coronary heart disease and stroke. Linear trends were 
tested for significance by assigning to each participant the median 
value in each category to create a continuous variable. Addition-
ally, an association between each component of the DASH diet 
and the odds of having hyperuricemia was also analyzed.

To minimize the potential effects of obesity and major chronic 
disease (e.g., diabetes mellitus, hypertension, chronic kidney dis-
ease, and cardiovascular and cerebrovascular diseases), we con-
ducted a sensitivity analysis by excluding individuals who had been 
diagnosed with these diseases in 2012. We also tested interaction 
between the DASH diet and age (<50 years, ≥50 years; approx-
imately the mean of participants’ age), sex, and physical activity 
(low, moderate/vigorous) in the fully adjusted model. P values less 
than 0.05 (2- tailed) were considered significant.

RESULTS

Participants with a higher score for the DASH diet tended 
to be older, female, current nonsmokers, and at a lower level 
of physical activity than those with a lower score (Table 1). We 
observed that the highest quartile of DASH diet scores was asso-
ciated with a lower likelihood of having hyperuricemia (adjusted 
OR 0.70 [95% CI 0.66, 0.75], comparing 2 extreme quartiles;  
P for trend < 0.001) (Table 2), adjusting for potential confounders. 
In the sensitivity analyses, exclusion of the participants with self- 
reported chronic kidney disease, abnormal eGFR (<60 ml/minute 
per 1.73 m2), obesity, diabetes mellitus, hypertension, myocardial  

Table 1. Characteristics of participants according to DASH diet score*

Factor
Quartile 1  

(n = 18,024)
Quartile 2  

(n = 12,325)
Quartile 3  

(n = 22,041)
Quartile 4  

(n = 19,503)
DASH diet score, mean ± SD 23.3 ± 1.8 26.5 ± 0.5 28.3 ± 0.5 31.8 ± 1.7
Age, years 49.0 (0.1) 49.7 (0.1) 53.6 (0.1) 52.3 (0.1)
Men 15,549 (86.3) 10,499 (85.2) 16,793 (76.2) 15,072 (77.3)
Energy, kcal† 1,510 (4.3) 1,578 (5.1) 1,797 (3.8) 1,758 (4.0)
BMI, kg/m2† 24.7 (0.03) 24.7 (0.03) 24.8 (0.02) 24.8 (0.03)
Education

High school or less 14,977 (86.1) 10,254 (86.4) 18,013 (86.9) 16,178 (87.4)
College degree or higher 2,421 (13.9) 1,620 (13.6) 2,715 (13.1) 2,338 (12.6)

Physical activity
Low 5,308 (29.4) 4,051 (32.9) 9,536 (43.3) 9,389 (48.1)
Moderate 3,812 (21.1) 1,865 (15.1) 1,267 (5.7) 1,686 (8.6)
High 5,954 (33.0) 3,772 (30.6) 3,257 (14.8) 5,070 (26.0)
Unknown 2,950 (16.4) 2,637 (21.4) 7,981 (36.2) 3,358 (17.2)

Current smoker
No 9,049 (51.5) 6,150 (51.0) 12,541 (60.0) 10,934 (58.5)
Yes 8,530 (48.5) 5,912 (49.0) 8,371 (40.0) 7,757 (41.5)

Alcohol consumption, gm/day† 4.1 (0.1) 3.7 (0.1) 9.0 (0.1) 3.8 (0.1)
Systolic BP, mmoles/liter† 132.8 (0.1) 132.0 (0.2) 133.3 (0.1) 131.8 (0.1)
Diastolic BP, mmoles/liter† 80.0 (0.1) 80.2 (0.1) 80.8 (0.1) 80.8 (0.1)
Serum UA, μmoles/liter† 308.5 (0.7) 309.1 (0.8) 316.5 (0.6) 300.9 (0.6)
FBG, mmoles/liter† 5.8 (0.02) 5.7 (0.02) 5.8 (0.01) 5.8 (0.01)
TG, mmoles/liter† 1.6 (0.02) 1.6 (0.02) 1.6 (0.01) 1.6 (0.02)
TC, mmoles/liter† 5.2 (0.01) 5.2 (0.01) 5.3 (0.01) 5.2 (0.01)
HDL cholesterol, mmoles/liter† 1.4 (0.004) 1.4 (0.004) 1.4 (0.004) 1.4 (0.004)
LDL cholesterol, mmoles/liter† 2.9 (0.01) 2.9 (0.01) 2.8 (0.01) 2.9 (0.01)
eGFR, ml/minute per 1.73 m2† 97.3 (0.2) 97.3 (0.2) 100.8 (0.1) 95.2 (0.1)
Presence of coronary heart disease 293 (1.6) 212 (1.7) 555 (2.5) 388 (2.0)
Presence of stroke 501 (2.8) 361 (2.9) 923 (4.2) 708 (3.6)

* Values are the number (%) or the mean (±SE) unless indicated otherwise. BMI = body mass index; BP = 
blood pressure; DASH = Dietary Approaches to Stop Hypertension; eGFR = estimated glomerular filtration 
rate; FBG = fasting blood glucose; HDL = high- density lipoprotein; LDL = low- density lipoprotein; UA = uric 
acid; TC = total cholesterol; TG = triglyceride. 
† Adjusted for age and sex. 
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infarction, and stroke did not materially change the observed 
association between DASH diet score and hyperuricemia (P for 
trend < 0.01 for all) (Table 3).

We found significant interactions between age, sex, and 
physical activity and DASH diet score in relation to serum UA 
concentrations (P for interaction < 0.001 for all). The association 

between DASH diet score and hyperuricemia was more pro-
nounced among older individuals (age ≥50 years), women, and 
physically inactive participants compared with their counterparts 
(Table 4).

Additionally, the association of each component of the DASH 
diet with the odds of having hyperuricemia was explored. As shown 

Table 2. Odds ratios (ORs) and 95% confidence intervals (95% CIs) of hyperuricemia, according to Dietary 
Approaches to Stop Hypertension (DASH) diet score*

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend
No. of cases/total no. 3,305/18,024 2,308/12,325 4,033/22,041 2,816/19,503
Model 1† Ref. 1.03 (0.97, 1.09) 0.99 (0.94, 1.05) 0.77 (0.72, 0.81) <0.0001
Model 2‡ Ref. 1.02 (0.96, 1.09) 0.90 (0.85, 0.96) 0.77 (0.72, 0.82) <0.0001
Model 3§ Ref. 1.02 (0.95, 1.08) 0.90 (0.84, 0.96) 0.70 (0.66, 0.75) <0.0001

* Values are the OR (95% CI) unless indicated otherwise. Ref. = reference. 
† Adjusted for age, sex, and energy. 
‡ Further adjusted for body mass index, physical activity (low, moderate, high, unknown), education (high school 
or less, college degree or higher), current smoker (yes, no, unknown), and alcohol consumption. 
§ Further adjusted for systolic blood pressure, fasting blood glucose, triglyceride, high- density lipoprotein 
cholesterol, low- density lipoprotein cholesterol, estimated glomerular filtration rate, and presence of coronary 
heart disease and stroke. 

Table 3. Sensitivity analysis of the association between DASH diet score and hyperuricemia*

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for trend
Model 1† <0.001

No. of cases/total no. 3,283/17,919 2,298/12,249 4,000/21,903 2,794/19,397
OR (95% CI) Ref. 1.02 (0.96, 1.09) 0.90 (0.84, 0.96) 0.70 (0.66, 0.75)

Model 2‡ <0.001
No. of cases/total no. 3,139/17,233 2,155/11,790 3,819/21,286 2,594/18,346
OR (95% CI) Ref. 0.99 (0.93, 1.06) 0.89 (0.83, 0.95) 0.70 (0.65, 0.74)

Model 3§ <0.001
No. of cases/total no. 2,483/15,145 1,781/10,454 3,034/18,573 2,075/16,496
OR (95% CI) Ref. 1.04 (0.97, 1.12) 0.90 (0.83, 0.97) 0.69 (0.64, 0.74)

Model 4¶ <0.001
No. of cases/total no. 2,141/11,684 1,466/8,056 2,111/12,365 1,550/11,958
OR (95% CI) Ref. 1.01 (0.93, 1.09) 0.93 (0.85, 1.01) 0.69 (0.64, 0.76)

Model 5# <0.001
No. of cases/total no. 3,104/16,118 2,156/11,091 3,667/19,287 2,511/17,253
OR (95% CI) Ref. 1.01 (0.95, 1.08) 0.90 (0.84, 0.96) 0.68 (0.64, 0.73)

Model 6** <0.001
No. of cases/total no. 3,191/17,265 2,204/11,784 3,763/20,642 2,659/18,472
OR (95% CI) Ref. 1.01 (0.94, 1.08) 0.90 (0.84, 0.96) 0.70 (0.66, 0.75)

Model 7†† <0.001
No. of cases/total no. 1,661/10,331 1,129/6,703 1,026/7,499 1,465/11,181
OR (95% CI) Ref. 1.02 (0.93, 1.12) 0.88 (0.80, 0.97) 0.77 (0.70, 0.85)

Model 8‡‡ <0.001
No. of cases/total no. 751/5,024 503/3,336 371/3,089 541/5,176
OR (95% CI) Ref. 1.00 (0.88, 1.15) 0.91 (0.78, 1.07) 0.77 (0.67, 0.90)

* Adjusted for age, sex, energy, body mass index, physical activity (low, moderate, high, unknown), education (high 
school or less, college degree or higher), current smoker (yes, no, unknown), alcohol consumption (except for model 
7 and model 8), systolic blood pressure, fasting blood glucose, triglyceride, high- density lipoprotein cholesterol, low- 
density lipoprotein cholesterol, estimated glomerular filtration rate, and presence of coronary heart disease and 
stroke (except for model 6 and model 8). 95% CI = 95% confidence interval; DASH = Dietary Approaches to Stop 
Hypertension; OR = odds ratio; Ref. = reference. 
† Excluding participants with self- reported chronic kidney disease. 
‡ Excluding participants with abnormal estimated glomerular filtration rate (<60 ml/minute per 1.73 m2). 
§ Excluding participants with obesity. 
¶ Excluding participants with hypertension. 
# Excluding participants with diabetes mellitus. 
** Excluding participants with coronary heart disease or stroke. 
†† Excluding participants with alcohol consumption. 
‡‡ Excluding participants with all the aforementioned diseases or alcohol consumption. 
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in Figure 2, higher intakes of vegetables, fruits, or grains, and lower 
intakes of fat, sweetened beverages, beans, or dairy products were 
associated with a lower likelihood of having hyperuricemia (Figure 2).

DISCUSSION

The current study investigated the association between 
adherence to the DASH diet and the odds of having hyper-
uricemia using data from 71,893 Chinese adults. We found that 
greater DASH accordance was independently associated with 
a lower likelihood of having hyperuricemia, after adjustment for 
potential confounding factors such as demographic and lifestyle 
factors, energy intake, and other relevant biomarkers and chronic 
conditions. Excluding participants with major chronic diseases did 
not materially change the results.

The finding that greater adherence to the DASH diet was 
inversely associated with hyperuricemia is in accordance with 
the findings of previous studies. A randomized trial with 103 
adults from the US with prehypertension or stage 1 hypertension 
showed that the DASH diet could reduce serum UA (– 0.35 mg/dl  
[95% CI – 0.65, – 0.05) (31). Although another DASH intervention 
study of 123 participants with controlled hypertension did not 
observe a significant reduction of serum UA concentrations in 
the overall study population, there was a significant association 
toward greater reduction in serum UA concentrations among par-
ticipants who had higher serum UA concentrations at baseline 
(P for trend = 0.008) (18). Moreover, in a prospective observational 
study that included 44,444 men with no history of gout at base-
line, a higher DASH dietary pattern score was associated with a 
lower risk for gout, a form of inflammatory arthritis that develops 
in some individuals who have high serum UA concentrations in 
the blood (the adjusted relative risk for extreme quintiles was 0.68 
[95% CI 0.57, 0.80], P < 0.001) (19).

Interestingly, we observed a stronger association between 
adherence to the DASH diet and low odds of having hyperuricemia 
in older individuals (age ≥50 years) or individuals who were physi-
cally inactive compared with counterparts. Aging (32) and physical 
inactivity (33,34) have been reported to be associated with high 
serum UA concentrations. It has been reported that in participants 
with high baseline serum UA concentrations, the urate- lowering 
effect of a healthy plant- based diet may be more pronounced than 
in those with low baseline serum UA concentrations (18).

We observed a significant difference in sex in the relation 
between the DASH diet and hyperuricemia; the association was 
stronger in women relative to men. The exact underlying mecha-
nism remains unclear. Previous studies have shown that female 
sex hormones and antiandrogen therapy could protect against 
the development of hyperuricemia (35,36). Although few previous 
studies have investigated whether there were sex differences in 
the role of a healthy diet pattern in lowering serum UA concentra-
tions, the synergetic effect of both the DASH diet and estrogen on 
serum UA concentrations still probably exists. Further study would 
be needed to clarify this speculation.

When the DASH items were studied individually, higher 
intakes of vegetables, fruits, or grains and lower intakes of fat or 
sweetened beverages were associated with a lower likelihood 
of having hyperuricemia, which is consistent with findings from 
previous clinical and epidemiologic studies (9,10,37). Interestingly, 
intake of beans was positively associated with hyperuricemia, 
which provides evidence to support the adverse effect of bean 
products on serum urate level (38,39).

In our study, we did not observe significant associations 
between meats or sodium intake and hyperuricemia, which were 
consistent with previous findings in the Chinese population. In a 
large prospective study including 14,809 participants, Chuang et 
al reported that frequent intake of lean meat was not positively 
associated with increased UA level in the Nutrition and Health Sur-
vey in Taiwan Study (40). A case– control study of Taiwanese men 
also failed to find a significant association between total meat and 
hyperuricemia (41). Similar insignificant results for meat consump-
tion and serum UA were also observed in the Shanghai Men’s 
Health Study and the Health Professional  Follow- up Study (10,42). 
Previous studies regarding sodium intake and serum UA also gen-
erated mixed results. One clinical trial reported that high dietary 
sodium intake was associated with greater reduction of serum 
UA (31), but another reported a significant increase in serum UA 
(43). In contrast to previous studies from a Western population 
(8,10,19,37) in which high dairy consumption was associated 
with lower serum UA, we found that higher consumption of dairy 
products was associated unexpectedly with higher odds of having 
hyperuricemia. The discrepancy could be partially due to the sig-
nificantly lower intake of dairy products in the Chinese population. 
In the current study, 43.1% of participants did not eat dairy prod-
ucts, and the mean level in the highest quintile of dairy (mainly milk) 
intake was only 133.5 gm. In a cross- sectional study including 

Figure 2. Odds ratios (ORs) for the Dietary Approaches to 
Stop Hypertension items associated with the odds of having 
hyperuricemia. 1 = component scores were reverse coded (a higher 
score represents lower consumption); 2 = a higher score represents 
higher consumption. The consumption amount of each food item 
was recorded using a unit of 50 grams. Error bars indicate the 95% 
confidence interval; vertical broken line indicates that the OR = 1.
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1,235 African Americans and 903 White adults, Beydoun et al 
found that African Americans consumed lower amounts of dairy 
products compared with White adults, with no significant associ-
ation of total dairy product intake with lower serum UA concen-
trations detected at baseline (44). Alternately, high consumption 
of dairy in this Chinese population could be a marker of adapting 
to Western lifestyle, which is associated with hyperuricemia (19).

The DASH diet encompasses many of the elements known 
to be inversely associated with hyperuricemia and gout, such 
as lower purine content and higher vitamin C intake with fruits 
(8,37,45). Furthermore, recent evidence has shown that consum-
ing a vegetarian diet high in vegetables and fruits facilitated greater 
urinary UA excretion and lower serum UA concentrations than 
consuming an acidic diet rich in animal- based foods (46). The 
effects of the DASH on serum UA concentrations could also be 
explained by the effect of DASH on improving insulin resis tance. 
Insulin resistance may disturb the glycolysis pathway and the renal 
handling of UA, which induce diversion of glycolytic intermediates 
toward UA and decrease urinary UA clearance (47,48). The DASH 
diet pattern has been demonstrated to significantly improve insulin 
resistance (49).

In the current study, hyperuricemia rather than gout was con-
sidered as the outcome. Various epidemiologic studies have iden-
tified significant associations of hyperuricemia with gout and other 
chronic conditions, such as diabetes mellitus and cardiovascular 
disease (4– 7). Although the potential beneficial effects of urate- 
lowering drugs in individuals with asymptomatic hyperuricemia 
remain unclear, dietary advice, such as adherence to a healthy 
dietary pattern, may improve general health conditions in patients 
with hyperuricemia and other risk factors for cardiovascular dis-
ease (50). Previous studies have revealed that hyperuricemia was 
associated with an increased risk for incident hypertension, inde-
pendent of traditional hypertension risk factors such as advanced 
age, obesity, and hyperglycemia (4).

Our study has several potential limitations. First, dietary 
data were self- reported and therefore subject to measurement 
error and recall bias. Second, we cannot rule out the possibil-
ity that unmeasured factors might contribute to the association 
observed. Additionally, as the current study was cross- sectional, 
the causality of the observed association in this study could not 
be established. We cannot exclude possibility of reverse causality, 
that is, partic ipants may change their dietary behaviors because 
of comorbidities related to elevated serum UA concentrations. How-
ever, we obtained similar significant associations after exclusion of 
those with common comorbidities of hyperuricemia. Nevertheless, 
further prospective cohort studies are warranted to understand 
the temporal relation between the DASH diet and UA status. In 
this study, total energy intake was likely to be underestimated due 
to the small number of food items in the FFQ, which might miss 
some important foods. Thus, total energy intake was adjusted as 
a covariate in all multiple regression models in order to reduce 
the influence of this systematic error. Finally, all participants in 

this study were residents of the Kailuan community of Tangshan 
City, China, who are mainly Northern Han Chinese. Therefore, our 
results may not be generalizable to the entire Chinese population. 
Further studies are needed to replicate our findings in a nationally 
representative sample of Chinese adults.

In conclusion, we found that high DASH diet accordance is 
independently associated with a low likelihood of having hyper-
uricemia. Moreover, older individuals, women, and individuals who 
are physically inactive exhibited a significantly stronger association 
between adherence to the DASH diet and low odds of having 
hyperuricemia.
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