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E D I T O R I A L

How Should We Consider Lupus Without Antinuclear 
Antibodies?
David I. Daikh1 and Martin Aringer2

Most patients with systemic lupus erythematosus (SLE) 
are antinuclear antibody (ANA) positive, but some are not (1). 
Although this difference represents a small number of patients, the 
size of this minor population is still debated. A fundamental ques-
tion regarding this subset of patients is whether SLE can develop 
in the absence of an autoantibody response to nuclear antigens, 
with the alternative concept that ANA negativity reflects a testing 
anomaly. Some of the imperfect sensitivity is definitely due to inad-
equate testing and technical issues (2). Patients may also have 
autoantibody subsets with preferential or exclusive cytoplasmic 
staining. Moreover, ANA may be reduced below the detectable 
threshold by therapy. This possibility may be more likely if positive 
ANA results are exclusively based on antibodies that correlate with 
disease activity, such as those to double-stranded DNA (dsDNA) 
or histones.

In this issue, Choi et al report on a very thorough analysis 
of ANA in the SLE International Collaborating Clinics inception 
cohort that attempts to control for all these technical issues (3). 
The authors used an experienced laboratory to analyze the first 
available serum of 1,137 patients, where the same technician 
used the high-quality gold standard method of indirect immuno-
fluorescence to measure ANA. Notably, however, the HEp-2000 
cell was used as a substrate in this study. This cell is enriched 
with Ro antigen and had a relatively high false negative rate in a 
previous study (2).

In the analysis of Choi et  al, 1,049 of the 1,137 patients 
(92.3%) had positive nuclear staining at a 1:160 titer or higher. 
An additional 17 patients (1.5%) had isolated cytoplasmic stain-
ing, which supports the idea that cytoplasmic staining should be 
reported. The patients with negative HEp-2000 immunofluores-
cence in this cohort were largely white, had lower disease activity, 
and had more commonly received glucocorticoids.

Of the remaining 71 patients without detected indirect 
immunofluorescence staining, 16 had anti-Ro antibodies and 8 

had anti-dsDNA antibodies. Accordingly, despite considerable 
expertise and an optimized substrate, there are clearly technical 
laboratory issues that can influence ANA sensitivity. These issues 
can be far more significant with other technology and in laborato-
ries without adequate immunologic experience (4,5). This prob-
lem presumably exists for diagnosing other connective tissue 
diseases (CTDs) as well, for which ANA is used as a screening 
test. It is not clear how many of the remaining 47 patients had 
an initial ANA test after SLE treatment was initiated and there-
fore may have converted to ANA negative. Regardless, the study 
confirms that the frequency of true ANA-negative SLE is very low.

Based on this idea, Choi et  al propose replacing the well-
established term CTD (6) with ANA-associated rheumatic disease 
(AARD). While we strongly agree with the underlying concept that 
the development of ANA reflects a fundamental aspect of the 
pathogenesis of SLE and likely other CTDs, we view the proposed 
term critically. These diseases were originally referred to as CTDs 
based on a concept that is not entirely correct from today’s point 
of view. The same could also be said for rheumatoid arthritis (RA), 
or even for systemic lupus erythematosus. However, CTD in the 
more narrow sense, not including RA, remains a useful descriptive 
term, rather than a precise concept. Additional terms, such as 
mixed connective tissue disease (5) and undifferentiated connec-
tive tissue disease have followed, and every rheumatologist still 
knows what is meant by CTD (7,8).

Would the same be true for AARD, and would this term 
be more precise to a degree supporting a fundamental name 
change? This appears unlikely in two respects. First, the authors 
highlight two important issues in their manuscript that do not sup-
port the term, namely the fact that there are ANA-negative patients 
with SLE and the fact that cytoplasmic staining is of importance. 
The consequence of the former issue would be referring to ANA-
negative ANA-associated rheumatic disease. The latter issue 
could bring up the suggestion to replace the term ANA by the 
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term anticellular antibodies to be more accurate, thus leaving 
rheumatologists with a combination of two incomplete concepts.

Second, while ANA tests are used as a screening test for 
CTDs, patients with many other diseases that may or may not 
have major similarities in pathogenesis, such as RA or autoim-
mune thyroid disease, commonly have positive ANA results. This 
limitation in specificity in comparison to its high sensitivity has led 
to a reconsideration of the original position of ANA in a recent 
SLE classification approach jointly supported by the European 
League Against Rheumatism (EULAR) and the American College 
of Rheumatology (9). These novel criteria have not yet been pub-
lished in full, but validation results were presented at the EULAR 
congress in June 2018 (10). Rather than providing clarity, lumping 
diseases together under the banner of such a nonspecific test will 
only serve to confuse less experienced practitioners and students. 
The goal of such designations should be to clarify and illuminate 
conceptually unifying features of disease, for example on the basis 
of pathogenesis.

The main focus of Choi et al, however, is a different and very 
valid point. ANA testing requires an appropriate substrate as well 
as great care and experience. Importantly, we should not miss the 
additional information obtained by taking HEp-2 (or HEp-2000) 
cytoplasmic fluorescence into account. In this regard, we would 
fully concur with the argument of this study (3), which by its design 
and sample size is an important contribution to better understand-
ing ANA performance in SLE.

AUTHOR CONTRIBUTIONS
Drs. Daikh and Aringer drafted the article, revised it critically for impor-

tant intellectual content, and approved the final version to be published.

REFERENCES
	1.	 Leuchten N, Hoyer A, Brinks R, Schoels M, Schneider M, Smolen J,  

et al. Performance of antinuclear antibodies for classifying sys-
temic lupus erythematosus: a systematic literature review and 
meta-regression of diagnostic data. Arthritis Care Res (Hoboken) 
2018;70:428–38.

	2.	 Pisetsky DS, Spencer DM, Lipsky PE, Rovin BH. Assay variation in 
the detection of antinuclear antibodies in the sera of patients with 
established SLE. Ann Rheum Dis 2018;77:911–3.

	3.	 Choi MY, Clarke AE, St. Pierre Y, Hanly JG, Urowitz MB, Rome-
ro-Diaz J, et al. Antinuclear antibody–negative systemic lupus ery-
thematosus in an international inception cohort. Arthritis Care Res 
(Hoboken) 2019;71:893–902.

	4.	 Bonilla E, Francis L, Allam F, Ogrinc M, Neupane H, Phillips PE, 
et al. Immunofluorescence microscopy is superior to fluores-
cent beads for detection of antinuclear antibody reactivity in sys-
temic lupus erythematosus patients. Clin Immunol 2007;124: 
18–21.

	5.	 Mariz HA, Sato E, Barbosa SH, Rodrigues SH, Dellavance A, An-
drade LE. Pattern on the antinuclear antibody–Hep-2 test is a critical 
parameter for discriminating antinuclear antibody–positive healthy 
individuals and patients with autoimmune rheumatic diseases. Ar-
thritis Rheum 2011;63:191–200.

	6.	 Klemperer P. The concept of connective-tissue disease. Circulation 
1962;25:869–71.

	7.	 Sharp GC, Irvin WS, Tan EM, Gould RG, Holman HR. Mixed con-
nective tissue disease: an apparently distinct rheumatic disease syn-
drome associated with a specific antibody to an extractable nuclear 
antigen (ENA). Am J Med 1972;52:148–59.

	8.	 LeRoy EC, Maricq HR, Kahaleh MB. Undifferentiated connective tis-
sue syndromes. Arthritis Rheum 1980;23:341–3.

	9.	 Aringer M, Dorner T, Leuchten N, Johnson SR. Toward new cri-
teria for systemic lupus erythematosus: a standpoint. Lupus 
2016;25:805–11.

	10.	Aringer M, Costenbader KH, Brinks R, Boumpas D, Daikh D, Jayne D,  
et al. Validation of new systemic lupus erythematosus classification 
criteria [abstract]. Ann Rheum Dis 2018;77 Suppl 2:60.



855  

Arthritis Care & Research
Vol. 71, No. 7, July 2019, pp 855–864
DOI 10.1002/acr.23716 
© 2018, American College of Rheumatology

Cost-­Effectiveness of Diet and Exercise for Overweight and 
Obese Patients With Knee Osteoarthritis
Elena Losina,1  Karen C. Smith,2  A. David Paltiel,3 Jamie E. Collins,1 Lisa G. Suter,4 David J. Hunter,5   
Jeffrey N. Katz,1 and Stephen P. Messier6

Objective. The Intensive Diet and Exercise for Arthritis (IDEA) trial showed that an intensive diet and exercise 
(D+E) program led to a mean 10.6-kg weight reduction and 51% pain reduction in patients with knee osteoarthritis 
(OA). The aim of the current study was to investigate the cost-effectiveness of adding this D+E program to treatment 
in overweight and obese (body mass index >27 kg/m2) patients with knee OA.

Methods. We used the Osteoarthritis Policy Model to estimate quality-adjusted life-years (QALYs) and lifetime 
costs for overweight and obese patients with knee OA, with and without the D+E program. We evaluated cost-
effectiveness with the incremental cost-effectiveness ratio (ICER), a ratio of the differences in lifetime cost and QALYs 
between treatment strategies. We considered 3 cost-effectiveness thresholds: $50,000/QALY, $100,000/QALY, and 
$200,000/QALY. Analyses were conducted from health care sector and societal perspectives and used a lifetime 
horizon. Costs and QALYs were discounted at 3% per year. D+E characteristics were derived from the IDEA trial. 
Deterministic and probabilistic sensitivity analyses (PSAs) were used to evaluate parameter uncertainty and the effect 
of extending the duration of the D+E program.

Results. In the base case, D+E led to 0.054 QALYs gained per person and cost $1,845 from the health care sector 
perspective and $1,624 from the societal perspective. This resulted in ICERs of $34,100/QALY and $30,000/QALY. In 
the health care sector perspective PSA, D+E had 58% and 100% likelihoods of being cost-effective with thresholds 
of $50,000/QALY and $100,000/QALY, respectively.

Conclusion. Adding D+E to usual care for overweight and obese patients with knee OA is cost-effective and 
should be implemented in clinical practice.

INTRODUCTION

Knee osteoarthritis (OA) is highly prevalent, affecting 14 million 
Americans, ~50% of whom are obese (1,2). Obesity and knee 
OA together result in 3.5 quality-adjusted life-years (QALYs) lost 
per person (1 QALY measures the equivalent of 1 year of perfect 
health) (2). Weight management and exercise are recommended 
by OA treatment guidelines, including those of the Osteoarthri-
tis Research Society International and the American Academy of 
Orthopaedic Surgeons (3,4).

Other treatment options for knee OA have inherent lim-
itations. Pharmacologic treatments, including nonsteroidal 
antiinflammatory drugs (NSAIDs) and opioids, are moderately 
efficacious, but their long-term use is frequently limited by side 
effects such as cardiovascular and gastrointestinal events and 
opioid addiction (5,6). While total knee arthroplasty (TKA) is both 
effective and cost-effective, it is generally reserved for patients in 
the later stages of OA progression (7,8).

Several randomized controlled trials (RCTs) have shown 
that weight loss is associated with reduced pain in patients with 
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knee OA (9). A meta-analysis of RCTs showed that a weight 
loss of 10% is expected to have a clinically relevant effect on 
disability (10). Participants randomized to a diet and exercise 
(D+E) regimen in the Arthritis, Diet, and Activity Promotion Trial 
(ADAPT) experienced a 30% reduction in pain over 18 months 
compared to 17% in the healthy lifestyle control group (11). The 
intent-to-treat analysis in the Intensive Diet and Exercise (IDEA) 
trial demonstrated that patients randomized to the D+E group 
experienced a 51% reduction in pain severity over 18 months 
compared to a 28% reduction in those randomized to receive 
exercise alone (the attention control). After 18 months, 38% of 
participants in the D+E group reported little or no pain compared 
to 22% of those in the exercise group and 20% of those in the 
diet group (12).

Economic evaluations of D+E regimens are scarce. A recent 
systematic review identified only 1 economic evaluation of an OA 
intervention targeting obesity: a cost-effectiveness analysis of the 
ADAPT trial (13,14). That analysis did not investigate the cost-
effectiveness of D+E regimens in the context of other OA treat-
ments. It was also limited to the 18-month trial time frame; this 
short-term time horizon is problematic, because OA is a chronic 
disease. The authors of the review concluded that there is a press-
ing need for long-term analyses that report cost per QALY out-
comes to facilitate comparisons of D+E cost-effectiveness across 
health care sectors (13). In the current study, we addressed this 
gap in the literature with a formal cost-effectiveness analysis of 
adding a D+E regimen to usual care for overweight and obese 
patients with knee OA.

MATERIALS AND METHODS

Analytic overview. We used the Osteoarthritis Policy 
(OAPol) model, a validated, published computer simulation 
model of knee OA (2,7,15,16), to assess the cost-effectiveness 
of adding a D+E program to usual care for knee OA. OAPol is 
a state-transition Monte Carlo simulation model that estimates 
quality-adjusted life expectancy (QALE) and lifetime medical costs 
for patients with knee OA. A state-transition model characterizes 
the clinical progress in each patient with knee OA as a sequence 
of annual transitions between health states. Monte Carlo refers to 
the process of simulating one hypothetical patient with knee OA at 
a time and determining that patient’s health state transitions with 
a set of transition probabilities.

Our primary outcome was the incremental cost-
effectiveness ratio (ICER), a ratio of the differences in costs and 
QALYs gained between treatments. We considered a treatment 
cost-effective if its ICER was below a given willingness-to-pay 
(WTP) threshold. No single WTP threshold is used to make deci-
sions in the US, and discussion about an appropriate threshold 
remains unsettled (17). In selecting a threshold, we sought to 
present how the preferred strategy depends on society’s will-
ingness to pay for an additional QALY and to provide compar-
ative guidance on what ICER might be considered an accept-
able value. To this end, we included 3 thresholds. A threshold 
of $50,000/QALY is commonly used in the field of cost-effec-
tiveness analysis, and because some evidence suggests that 
$50,000/QALY is too low for US health care, we also included 
thresholds of $100,000/QALY and $200,000/QALY (18).

We conducted analyses from both the health care sector 
and societal perspectives, as recommended by the Second 
Panel on Cost-Effectiveness in Health and Medicine (19). The 
latter includes costs of caregiving and lost productivity due to 
OA pain and surgery. Supplementary Table 1 (available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr23716/abstract) outlines the cost and 
quality-of-life components of each perspective. All costs are 
in 2016 US dollars, and costs and QALYs were discounted by 
3% annually.

OA policy model. The OAPol model simulates patients 
with knee OA based on demographic and clinical characteristics 
including age, BMI, comorbidities, and knee OA pain and struc-
tural severity. Model patients transition annually between health 
states, defined by obesity, comorbidities, and severity of knee 
OA. Time in each health state, including all associated costs and 
health-related quality of life effects, is accounted for from model 
entry until death.

QALE was estimated using data from the Osteoarthritis 
Initiative (OAI), a large longitudinal cohort study in patients with 
knee OA (20). The OAI measured health-related quality of life 
using the Short Form 12 (SF-12) health survey. We transformed 

SIGNIFICANCE & INNOVATIONS
•	 While previous work has established the clinical 

efficacy (pain reduction) of diet and exercise pro-
grams for the treatment of knee osteoarthritis (OA), 
this study is the first to confirm that such programs 
also provide excellent economic value when com-
pared to alternative uses of scarce OA treatment 
resources.

•	 We considered multiple willingness-to-pay thresholds 
($50,000, $100,000, and $200,000 per quality-adjusted 
life-year [QALY]). In the base case, the diet and exer-
cise program was cost-effective at all thresholds con-
sidered. 

•	 If payers are willing to spend $50,000 per QALY 
gained, allowing patients to participate in the diet 
and exercise program for up to 8 years provides 
the best value. If they are willing to spend $100,000 
per QALY gained, allowing patients to participate in 
the diet and exercise program indefinitely provides 
the best value.

•	 Programs to provide patients with knee OA with ac-
cess to diet and exercise treatment should be im-
plemented in clinical care.
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SF-12 responses into preference-based measures (i.e., utilities) 
using a previously published conversion algorithm (21). These 
utilities, stratified by age, comorbidities, obesity, and knee OA 
pain, were the weights used by the OAPol model to estimate 
quality-adjusted survival.

Model patients with a BMI ≥30 kg/m2 are considered 
obese. Obesity lowers quality of life utility, increases the inci-
dence of cardiovascular disease, diabetes mellitus, and can-
cer, and increases mortality (2,22,23). The model assumes that 
patients with a BMI of 18.5–24.99 kg/m2 and those with a BMI of 
25–29.99 kg/m2 carry similar risks of comorbidities.

Knee OA treatments in the OAPol model include NSAIDs, 
TKA, and D+E. All treatments can affect quality of life utility by 
reducing knee OA–related pain. TKA also alters the presence of 
structural knee OA, and D+E reduces BMI. Each treatment has 
an associated cost and likelihood of toxicities. Toxicities carry 
their own costs and quality of life decrements.

OAPol includes all direct medical costs of knee OA treat-
ment as well as non-OA medical costs stratified by age and 
comorbidities (see Supplementary Table 2, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr23716/abstract). Costs were adjusted for 
inflation using the method recommended by the Second Panel 
on Cost-Effectiveness in Medicine (Supplementary Appendix 
Section 1a, available on the Arthritis Care & Research web site 
at http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract) 
(19).

Cohort characteristics. We derived cohort characteris-
tics and quality of life utilities from the IDEA trial (Tables  1 and 
2). The mean ± SD age of the patients was 66 ± 6 years, 72% 
were female, and the average BMI was 33.6 kg/m2. The severity 
of OA-related pain was assigned using the Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC) pain sub-
scale (24). The mean ± SD baseline WOMAC pain score was 32.5 
± 15.5 (0–100 scale, with 100 = worst). At the time of initiation of 
the trial, 13% of the cohort had diabetes mellitus, and 10% had 
cardiovascular disease. Other comorbidity incidence data were 
derived from National Health and Nutrition Examination Survey 
(NHANES) 2011–2014 data, and relative risks of mortality were 
derived using data from NHANES and Centers for Disease Control 

and Prevention Life Tables, 2011 (25,26).

Treatment strategies. The duration, efficacy, discontin-
uation rate, and cost of the usual care and D+E regimens are 
described below. Patients receiving usual care began their treat-
ment sequence at year 1. Patients receiving D+E began both the 
D+E regimen and the usual care treatment in parallel at year 1.

Usual care. Usual care treatment consisted of a pharmaco-
logic NSAID regimen, followed by TKA in those eligible and willing 
to undergo surgery and revision TKA in those for whom primary 

TKA failed. Based on NSAID utilization in the IDEA cohort at base-
line (unpublished observations), half of the patients were assumed 
to begin with the NSAID regimen. The other half used analgesics 
intermittently, without any long-term efficacy, until they were eligi-
ble for TKA (see Supplementary Appendix Section 2c, available 
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr23716/abstract). Usual care does not 
include steroid injections, because although these injections are 
efficacious in the short-term, they have not been shown to have 
long-term efficacy in reducing knee OA–related pain (27).

Intervention duration. Patients could continue on the NSAID 
regimen for up to 20 years. As we describe below, discontinuation 
due to minor toxicity or treatment failure caused most patients to 
end treatment before this maximum was reached.

Efficacy. Data for NSAID efficacy were derived from the 
Glucosamine/chondroitin Arthritis Intervention Trial (28). TKA struc-
tural efficacy rates were derived from data in a study by Paxton and 
colleagues (29). TKA pain decrements were derived from 2 longitu-
dinal studies in patients with knee OA undergoing TKA: the Adding 

Table  1.  Cohort characteristics and indirect annual costs 
associated with OA*

Parameter Value

Age, mean ± SD years 66 ± 6
Women, % 72
Race, %

White non-Hispanic 81
African American non-Hispanic 6.3
African American Hispanic 6.3
White Hispanic 6.3

BMI, mean ± SD kg/m2 33.6 ± 3.7
BMI at year 1, minimum, maximum 27, 41

K/L grade 2, % 50
K/L grade 3, % 50
WOMAC pain score, mean ± SD

Year 1 32.5 ± 15.5
Subsequent year increase† 2 ± 10

Comorbidity prevalence, %
Cardiovascular disease 10
Diabetes mellitus 13

Indirect costs, dollars
Annual OA pain productivity cost‡ 1,037
Annual OA caregiving cost‡ 1,128
Productivity costs for TKA, year 1 3,311
Productivity costs for revision TKA (year 1) 3,592

* Data for patient characteristics were derived from reference 12. 
Data for indirect costs were derived from references 15, 43, and 50. 
BMI = body mass index; K/L = Kellgren/Lawrence (grade range 0–4, 
with 4 representing most severe). TKA = total knee arthroplasty 
‡ Costs incurred by patients with knee osteoarthritis (OA) with a 
Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC) pain score of >40 in the base case. 
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Value in Knee Arthroplasty (AViKA) study (30) and the Study of Total 
Knee Arthroplasty Responses (STARs) (31) (see Supplementary 
Appendix Section 2a and Supplementary Table 3, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr23716/abstract).

Discontinuation. A total of 11.28% of model patients receiving 
NSAIDs discontinue treatment in the first year due to minor toxic-
ities. This probability was derived from multiple, large randomized 
controlled trials of NSAIDs in arthritis (32–36). We assume that 
all discontinuations due to minor toxicity occur in the first year. 
In all years of treatment, patients can discontinue NSAIDs due to 
treatment failure. Discontinuation attributable to treatment failure 
is considered to occur if patients return to within 9 points of their 
starting pain score (half of the average initial decrease in pain).

After TKA, patients only move to a subsequent treatment if they 
require revision surgery. Therefore, we assume that discontinuation 
due to minor toxicity is 0%. Treatment failure–associated discontin-
uation can only occur if a patient experiences a structural failure and 
if pain returns to within 21 points of his or her starting pain score (half 
of the average initial decrease in pain) (see Supplementary Appen-
dix Section 2b, available on the Arthritis Care & Research web site 
at http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract).

Cost. The cost of NSAID treatment was calculated using 
an average of the cost of treatment (from Red Book Online 
[37]) weighted by the utilization of treatments by OA patients 
(Medicare Current Beneficiary Survey 2009 [38]). The cost also 
included an annual office visit and laboratory tests. NSAIDs cost 
$841 in the first year and $810 in subsequent years. TKA costs, 
derived from Medicare Fee Schedules, were $17,976 (primary) 
and $24,985 (revision) and $109 each year after the year of 

surgery (39). Cost derivation methods for NSAIDs and TKA are 
described in a prior publication (15).

Diet and exercise. Intervention duration. Consistent with the 
IDEA trial duration (18 months), in the base case, patients could 
remain on the D+E program for up to 2 years. Sensitivity analy-
ses were performed to evaluate implementing D+E for longer du-
rations. Because data on long-term weight loss are limited, we 
conservatively assumed that benefits from D+E were not main-
tained after the program ended (see Supplementary Appendix 
Section 3a, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract).

Efficacy. Patients on the D+E regimen were assigned a prob-
ability of the percent BMI reduction, derived from the IDEA trial 
data. The BMI reduction was associated with a percent reduc-
tion from baseline in the WOMAC pain score (Tables 3 and 4). 

Table 2.  Quality of life utilities (nonobese/obese)*

Age group, years

WOMAC pain score (0–100 scale)

0 1–15 16–40 41–70 71–100

0 comorbidities
45–54 0.841/0.830 0.816/0.806 0.780/0.769 0.714/0.703 0.656/0.645
55–64 0.847/0.836 0.822/0.812 0.786/0.775 0.720/0.709 0.662/0.651
65–74 0.871/0.860 0.846/0.835 0.810/0.799 0.744/0.733 0.685/0.675
75+ 0.854/0.843 0.829/0.818 0.793/0.782 0.727/0.716 0.669/0.658

1 comorbidity
45–54 0.818/0.807 0.791/0.780 0.755/0.744 0.679/0.668 0.645/0.634
55–64 0.824/0.813 0.797/0.786 0.761/0.750 0.685/0.674 0.651/0.640
65–74 0.848/0.837 0.821/0.810 0.785/0.774 0.708/0.698 0.674/0.664
75+ 0.831/0.820 0.804/0.793 0.768/0.757 0.692/0.681 0.658/0.647

2+ comorbidities
45–54 0.806/0.795 0.794/0.783 0.732/0.721 0.635/0.624 0.500/0.489
55–64 0.812/0.801 0.800/0.789 0.738/0.727 0.641/0.630 0.506/0.495
65–74 0.836/0.825 0.824/0.813 0.762/0.751 0.665/0.654 0.530/0.519
75+ 0.819/0.808 0.807/0.796 0.745/0.734 0.648/0.637 0.513/0.502

* Data were derived from references 20 and 21. WOMAC = Western Ontario and McMaster Universities Osteoarthritis 
Index. 

Table 3.  Diet and exercise efficacy*

Percent 
reduction 

in BMI
Probability of 
BMI reduction

Percent  
reduction in 

WOMAC pain 
score,  

mean ± SD

Probability of 
weight loss 

failure  
(subsequent 

years)

20–25 0.08 52.1 ± 40.3 0.04
15–20 0.11 42.6 ± 53.1 0.04
10–15 0.23 27.5 ± 51.6 0.04
5–10 0.29 27.5 ± 51.6 0.34
0 0.30 11.9 ± 44.6 NA

* Data were derived from the Intensive Diet and Exercise for Ar-
thritis trial data sets. BMI = body mass index; WOMAC = Western 
Ontario and McMaster Universities Osteoarthritis Index; NA = not 
applicable. 

http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract


COST-­EFFECTIVENESS OF DIET AND EXERCISE FOR OA |      859

Each subsequent year, a patient had a probability of either los-
ing the BMI reduction (termed weight loss failure) or losing the 
pain reduction (pain failure). Pain and weight loss failures did not 
necessarily occur together, but weight loss failure increased the 
probability of pain failure. Probability of weight loss failure was 
stratified by the amount of BMI reduction. If a patient experi-
enced weight loss or pain failure, they reverted to the weight or 
pain level that they would have experienced had they not been 
on the D+E regimen. Likewise, in the year following termination 
of D+E, all patients revert to the weight or pain levels that they 
would have experienced had they not received the D+E inter-
vention (see Supplementary Appendix Section 3b, available on 
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr23716/abstract).

We validated OAPol-predicted weight loss from the D+E regi-
men by comparing mean BMI in the D+E arm of the IDEA trial at the 
5-year follow-up (18% of patients reporting data) to OAPol-predicted 
BMI at 5 years. The BMI in the IDEA trial D+E cohort was 31.65 kg/m2,  
and OAPol-predicted BMI for D+E patients was 32.94 kg/m2.

Discontinuation. Patients had an overall probability of discon-
tinuing the D+E regimen each year. This overall discontinuation 

was divided into general discontinuation (discontinuation unre-
lated to treatment efficacy) and treatment failure discontinuation 
(discontinuation due to failure to maintain weight loss). Because 
we do not have data on why patients discontinued the D+E pro-
gram in the IDEA trial, in the base case, we assumed that the 8% 
discontinuation rate was based entirely on general discontinua-
tion; patients who had lost weight had an equal probability of dis-
continuing as those who did not. In sensitivity analyses, we varied 
the percent of discontinuations due to treatment failure (see Sup-
plementary Appendix Section 3c, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr23716/abstract).

Cost. The cost of the D+E regimen was estimated using 3 
components: personnel ($328 in the first year, $281 in subse-
quent years), meal replacements ($455 in the first year), and gym 
membership ($600 each year). Personnel costs were derived 
using 2015–2016 interventionist salaries at Wake Forest Univer-
sity. Meal replacement costs were derived using the current retail 
cost of the meal replacements (40) and the average number of 
meal replacement containers used by study patients (unpublished 
trial data). Gym costs were an assumption. Fixed costs were not 
included (see Supplementary Appendix Section 3d, available on 
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr23716/abstract).

Process benefits. Exercise may confer additional increases 
in quality-of-life utility beyond those due to reductions in pain 
and weight. We refer to these increases as “process benefits,” 
because they appear to be attributable to the process of exercis
ing rather than outcomes (41). Based on published data, we 
estimated the process benefits from the exercise intervention 
by increasing a patient’s annual utility by 0.026 QALYs (41). The 
base case analysis did not include process benefits; however, in 
a one-way sensitivity analysis, they were added to the first year 
or all years of exercise (see Supplementary Appendix Section 
3e, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract).

Base case analysis. Health care sector perspective. In the 
base case, we used D+E characteristics derived from IDEA trial 
data, with added costs for a gym membership. We assumed that 
D+E regimen costs included personnel costs, meal replacements, 
and a hypothetical $600/year gym membership. Discontinuation 
was estimated at 8% annually (the IDEA trial had a 12% discontin-
uation rate over 18 months). Process benefits were not included.

Societal perspective. The societal perspective included all 
health and quality of life components from the health care sector 
with added costs accounting for lost productivity and caregiv-
ing. Productivity costs reflect work absenteeism among patients 
with OA in the US labor force (42). Knee OA–related pain costs 
$1,037 in lost productivity annually. The primary and revision 
TKA costs were $3,311 and $3,592, respectively, in lost produc-
tivity during the year of the surgery (15).

Table 4.  Diet and exercise failure and cost*

Parameter Value

Probability of pain reduction failure 
(subsequent years)

Given weight loss success 0.21
Given weight loss failure 0.57

Discontinuation
Overall discontinuation, % 8 (12, 16)
Discontinuation due to treatment 

failure, %
0 (50, 100)

Duration of D+E 2 years (3, 5, 8 
years, no limit)

Cost, dollars
Personnel

First year 328
Subsequent years 281

Meal replacements
First year 455 (0)
Subsequent years 0

Gym membership, assumption
First year 600 (0)
Subsequent years 600 (0)

* For overall discontinuation, in the base case, we assumed that 
the diet and exercise (D+E) program would run for 2 years; thus, 
overall discontinuation occurred only in the first year. In sensitivity 
analyses, we tested longer durations of the D+E program and in 
those instances, the probability of discontinuation is annual. Val-
ues in parentheses were assessed by one-way sensitivity analyses. 
Probability of pain reduction failure, overall discontinuation, and 
personnel costs were derived from reference 12. Meal replace-
ment costs were derived from references 12 and 40.  
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Based on a study by Gupta and colleagues in which it was 
reported that 52.1% of the indirect costs for patients with OA 
were related to caregiving (43), we assumed that productivity 
costs due to knee OA pain represented 47.9% of annual indirect 
costs. This resulted in a total annual indirect cost of $2,166. In 
the base case, only patients with a WOMAC pain score >40 
incurred productivity costs related to caregiving and OA pain. 
We varied this threshold in the sensitivity analyses.

Sensitivity analyses. One-way sensitivity analyses var-
ied key D+E parameters. D+E duration was assessed at 2 (base 
case), 3, 5, and 8 years as well as without limits. The cost of D+E 
varied only for personnel costs, to 50% more than the base case 
cost. Overall discontinuations were assessed at 8% (base case), 
12%, and 16% annually; the percentages of discontinuations due 
to treatment failure were assessed at 0% (base case), 50%, and 
100%. Process benefits were not included (base case) or received 
by patients during the first year or all years of D+E. The societal per-
spective included an additional analysis varying the WOMAC pain 
threshold for productivity and caregiving costs from 1 point (any 
pain), to 15, 40, or 70 points.

We used probabilistic sensitivity analyses (PSA) to determine 
the effect of the uncertainty regarding the D+E regimen param-
eters (see Supplementary Appendix Table 4, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr23716/abstract). We varied cost, overall 
discontinuation, the relative reduction in pain severity, and the 
probability of pain and BMI failure. The societal perspective anal-
ysis also varied costs of OA-related caregiving. In all iterations, 
the duration of D+E was 2 years, discontinuation due to treat-
ment failure was 0%, and process benefits were not included.

Results are shown with acceptability curves, which show the 
percentage of PSA simulations (of 1,000) for which an interven-
tion was cost-effective at different values of willingness to pay for 
additional QALYs.

RESULTS

Base case analysis. The D+E regimen led to a gain of 5.4 
QALYs for every 100 patients (increasing per-person QALE from 
8.909 QALYs to 8.963 QALYs). From the health care sector and 
societal perspectives, the D+E regimen raised the per-person 
costs by $1,845 and $1,624, respectively. D+E was cost-effective 
at all thresholds. D+E had an ICER of $34,100/QALY from the 
health care sector perspective and an ICER of $30,000/QALY 

from the societal perspective (Table 5).
The improvement in quality of life from D+E was due to 

decreases in BMI and the WOMAC pain score. During the first year 
of the D+E program, the average WOMAC pain score in the D+E 
cohort was 6.8 (of 100) points lower than that in the usual care 
cohort, and their average BMI was 2.8 kg/m2 lower than that in the 
usual care cohort. During the second year, the average WOMAC 

pain score in the D+E cohort was 4.9 points lower and their BMI 
was 2.3 kg/m2 lower compared to that in the usual care cohort. 
Due to the assumption that D+E benefits would not extend beyond 
2 years, D+E delayed, but did not avert, total knee replacement.

One-way sensitivity analyses from the health care sector 
perspective. D+E was cost-effective at a WTP threshold of 
$100,000/QALY in all variations (Figure  1). Because D+E was 
always cost-effective at a threshold of $100,000/QALY, we do 
not report specific results for the $200,000/QALY threshold. The 
ICER for D+E was greater than the $50,000/QALY threshold only 
when cost was increased to 150% of the base case (ICER = 
$52,100/QALY). When only personnel costs were included, the 
ICER was $6,200/QALY, and when personnel and meal replace-
ment costs were included, the ICER was $12,900. The inclusion 
of process benefits in the first year of D+E lowered the ICER 
to $22,600/QALY, and including process benefits in all years 
lowered the ICER further to $15,300/QALY. Varying discontinua-
tions changed the ICER minimally.

When compared to usual care, all D+E durations were cost-
effective at a WTP threshold of $50,000/QALY. We also compared 
D+E programs of different durations incrementally. The 2-year pro-
gram was dominated by the 3-year program. The 3-year, 5-year, 
8-year, and indefinite D+E programs had ICERs of $32,800/QALY, 
$33,400/QALY, $42,100/QALY, and $79,200/QALY respectively.

One-way sensitivity analyses from the societal perspective. 
D+E was somewhat more cost-effective when analyzed from the 
societal perspective than from the health care sector perspec-
tive. The highest ICER, $48,700/QALY, occurred when cost was 
150% of the base case. Varying the WOMAC pain score thresh-
old for productivity and caregiving costs had a small effect on 
cost-effectiveness. ICERs ranged from $26,800/QALY (WOM-
AC pain score >15) to $32,700/QALY (WOMAC pain score >1) 
(see Supplementary Figure 1, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr23716/abstract).

Probabilistic sensitivity analyses. From the health care 
sector perspective, at WTP thresholds of $50,000/QALY and 
$100,000/QALY, the likelihood of D+E being cost-effective was 

Table 5.  Cost-effectiveness of diet and exercise*

QALE
Lifetime cost, 

dollars
ICER,  

dollars/QALY

Health care perspective
Usual care 8.909 116,200 34,100
Diet and exercise 8.963 118,100

Societal perspective
Usual care 8.909 130,700 30,000
Diet and exercise 8.963 132,400

* Quality-adjusted life expectancy (QALE) and lifetime cost are 
shown as per-person values and were discounted at 3% per 
year. ICER = incremental cost-effectiveness ratio; QALY = quality-
adjusted life-years. 
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58% and 100%, respectively (Figure 2). From the societal per-
spective, at WTP thresholds of $50,000/QALY and $100,000/
QALY, the likelihood of D+E being cost-effective was 68% and 

100%, respectively (see Supplementary Figure 2, available on 
the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr23716/abstract).

Figure 1.  One-way sensitivity analysis of diet and exercise parameters (health care sector perspective). The figure illustrates the incremental 
cost-effectiveness ratio (ICER) estimated for the diet and exercise regimen under a variety of conditions. In each analysis, all parameters were 
held at base case values except for the parameters shown on the vertical axis, which varied according to the values listed. The leftmost end 
of each bar represents the ICER when the parameter of interest is set to its most favorable value; the rightmost end of each bar represents 
what happens when the parameter assumes its least favorable value. The vertical line shows the base case ICER. Process benefits are 
the increase in quality of life utility that occurs from the process of exercising (in addition to increases from weight loss and pain reduction). 
Overall discontinuation refers to the cohort’s overall discontinuation rate, and the percentage of discontinuations due to treatment failure is the 
percentage of discontinuations that occur specifically in patients who did not maintain their weight loss.

Figure 2.  Cost-effectiveness acceptability curve (health care sector perspective). The curves show the percentage of simulations (of 1,000) for 
which an intervention was cost-effective at a given willingness-to-pay threshold. Each of the 1,000 analyses independently sampled model input 
parameters from the specified distribution (see Supplementary Table 4, available on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr23716/abstract). QALY = quality-adjusted life-years.
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DISCUSSION

The results of our analysis suggest that incorporating a D+E 
regimen into usual care treatment for patients with knee OA would 
be highly cost-effective from both societal and health care sector 
perspectives. In our base case evaluation and the majority of sen-
sitivity analyses, D+E had an ICER below $50,000/QALY, the more 
conservative cost-effectiveness threshold. D+E was always cost-
effective with a threshold of $100,000/QALY, which is increasingly 
used in US cost-effectiveness analyses (18).

Both weight loss and D+E are effective for reducing knee 
OA pain and improving function (10–12,44). Cost-effectiveness 
analyses of exercise as treatment for knee OA (without weight 
loss as an explicit goal) have also generally indicated that exer-
cise programs are cost-effective (45,46). A previous analysis of 
D+E in the ADAPT trial showed that D+E was cost-effective for 
self-reported function, pain, and stiffness (14). Our findings cor-
roborate this and suggest that D+E would be cost-effective as a 
program with limited duration or as a program in which patients 
can continue to participate indefinitely. Our comparison of D+E 
durations suggests that with a WTP threshold of $50,000/QALY, 
the 8-year program provides the best value. If the WTP threshold 
is raised to $100,000/QALY, the program without a limit on dura-
tion offers the best value.

Of note, we showed that D+E is cost-effective when the 
effectiveness measure includes an adjustment for quality of life, 
which permits comparisons with other treatments. Although 
the 0.054 difference in QALE between the 2-year D+E program 
and usual care is small, this is because OA treatments primar-
ily improve quality rather than quantity of life. The improvements 
in QALE from the 2-year D+E program are similar to those from 
over-the-counter (OTC) naproxen (0.081 QALYs) (16). The base 
case D+E ICER is also comparable to other OA treatments. OTC 
naproxen and TKA, for example, have ICERs of $57,100/QALY 
and $22,500/QALY, respectively (updated to 2016 US dollars) 
(7,16,47,48).

Given the number of Americans with OA, implementing a 
D+E program into usual care may lead to substantial improvement 
in quality of life on a population level, but funding the program may 
have a non-trivial effect on payers’ budgets. The major compo-
nents of the cost of D+E are meal replacements and a gym mem-
bership. Payers considering coverage for D+E programs could 
develop strategic partnerships with gyms and meal replacement 
manufacturers to minimize the budget impact.

We note several limitations. First, the D+E regimen was 
based on results from a clinical trial D+E regimen, which was led 
by professional interventionists and required significant patient 
investment. The outcomes of D+E regimens should also be 
established in community settings, where patients may not be 
as strongly motivated. In addition, the trial and model cohort had 
an average starting K/L grade of 2.5; therefore, the results may 
not apply to a cohort with more severe OA.

We made several assumptions to project the results of an 
18-month clinical trial over a longer duration. Because data on 
long-term weight loss maintenance are limited, we assumed that 
patients lost all weight and pain reduction benefits once the D+E 
program ended, and that the base case D+E program would 
last for only 2 years. Long-term data on D+E adherence and the 
sustainability of weight loss and pain reduction are needed to 
more accurately model D+E treatments. We also did not con-
sider potential correlations between baseline characteristics 
(e.g., age, pain) and D+E outcomes, which may have biased our 
point estimates.

Model inputs were derived from a variety of national data 
sources and published literature (see Supplementary Table 5, 
available on the Arthritis Care & Research web site at http:// 

onlinelibrary.wiley.com/doi/10.1002/acr23716/abstract). 
Quality of life utilities were derived from the OAI using the SF-
12, rather than directly measured in the IDEA cohort. The util-
ity increase from the process of exercising (process benefit) 
was derived from the Health Survey for England (HSE) using 
the EuroQol 5-domain instrument. Because the populations 
and measures in the OAI and HSE differ, the process benefit 
quality of life values were included only in a one-way sensi-
tivity analysis. Because our costs were trial-based, they may 
not entirely reflect the cost of implementing D+E outside of a 
clinical trial, although we added the gym membership cost to 
more accurately reflect what patients may have to contribute. 
In conformity with widely accepted guidelines for the conduct 
of economic evaluation (19,49), we used extensive sensitivity 
analyses to address uncertainty surrounding our findings. Our 
estimates were robust to uncertainty from the trial data.

Our findings strongly suggest that implementing D+E in 
the treatment of knee OA provides good value and should be a 
priority for clinicians and policy-makers. Further studies should 
consider how best to implement these programs and make 
them accessible to patients with knee OA.
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Knee Osteoarthritis and the Risk of Medically Treated 
Injurious Falls Among Older Adults: A Community-Based US 
Cohort Study
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Objective. The risk of falls among adults with knee osteoarthritis (OA) has been documented, yet, to our knowledge 
no studies have examined knee OA and the risk of medically treated injurious falls (overall and by sex), which is an 
outcome of substantial clinical and public health relevance.

Methods. Using data from the Health Aging and Body Composition Knee Osteoarthritis Substudy, a community-
based study of white and African American older adults, we tested associations between knee OA status and the risk 
of injurious falls among 734 participants with a mean ± SD age of 74.7 ± 2.9 years. Knee radiographic OA (ROA) was 
defined as having a Kellgren-Lawrence grade of ≥2 in at least 1 knee. Knee symptomatic ROA (sROA) was defined as 
having both ROA and pain symptoms in the same knee. Injurious falls were defined using a validated diagnosis code  
algorithm from linked Medicare fee-for-service claims. Cox regression modeling was used to estimate hazard ratios 
(HRs) and 95% confidence intervals (95% CIs).

Results. The mean ± SD follow-up time was 6.59 ± 3.12 years. Of the 734 participants, 255 (34.7%) had an inci-
dent injurious fall over the entire study period. In the multivariate model, compared with those without ROA or pain, 
individuals with sROA (HR 1.09 [95% CI 0.73–1.65]) did not have a significantly increased risk of injurious falls. Com-
pared with men without ROA or pain, men with sROA (HR 2.57 [95% CI 1.12–5.91]) had a significantly higher risk of 
injurious falls. No associations were found for women or by injurious fall type.

Conclusion. Knee sROA was independently associated with an increased risk of injurious falls in older men, but 
not in older women.

INTRODUCTION

Knee osteoarthritis (OA) is a common and disabling chronic 
condition among older adults (ages ≥65 years) (1). In a previous 
study in the US, the prevalence of knee radiographic OA (ROA) 
and symptomatic ROA (sROA) among adults ages ≥60 years was 
shown to be 37.4% and 12.1%, respectively; thus, about 1 in 3 
adults with knee OA have reported pain (2). The prevalence of knee 
ROA was significantly higher in women versus men (42.1% ver-

sus 31.2% but knee sROA prevalence did not differ by sex (2). 
Furthermore, the lifetime risk (to age 85 years) of knee sROA was 
estimated to be about 45% and did not vary by sex (3). Knee OA 
may lead to reduced quality of life (4) and early retirement (5). Major 
health outcomes associated with knee OA include expensive joint 
replacement (620,000 OA-attributable knee replacements in the 
US in 2010) (6), and possibly an increased risk of mortality (7,8).

Falls are the leading cause of injury-related morbidity and 
mortality among older adults, with more than 1 in 4 older adults 
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falling each year (9), resulting in direct medical costs of approxi-
mately $32 billion in 2015 (10). Major fall-related injuries among 
older adults, including hip fractures and brain injuries, are associ-
ated with a decline in functional abilities and reductions in social 
and physical activities (11).

In a systematic review of 12 studies, 17% of the falls were 
attributed to gait/balance disorders or weakness as the most 
likely cause, which are common characteristics of adults with 
knee OA (11). A fairly recent study among adults with knee OA 
showed that lower knee extension muscle strength and lower 
knee flexion muscle strength were associated with increased falls 
(12). Moreover, poor or declining physical function is a risk fac-
tor for fractures, 95% of which occur because of a fall (13–16). 
Multiple cross-sectional studies have examined the association 
between knee OA and falls, yielding primarily null associations 
(17–19). Several studies have examined the association between 
baseline knee OA and risk of incident falls, with some indicating an 
increase in the risk of falls (20–22) and others finding a null result 
(23,24). Knee OA severity appears to impact the risk of falls, with 
greater severity linked to a higher rate of falls (25). Other knee 
OA–related outcomes, such as knee arthroplasty and knee insta-
bility, have been examined in regard to falls. Interestingly, adults 
with knee arthroplasty do not appear to have an increased risk 
of falls compared with adults without knee arthroplasty (26,27), 
whereas knee instability has been shown to be associated with 
a greater prevalence of recurrent falls (28). Yet, injurious falls are 
an outcome of greater clinical and public health relevance (29). 
Two cross-sectional studies found a higher prevalence of injurious 
falls in adults with doctor-diagnosed arthritis versus those without 

doctor-diagnosed arthritis (2 times greater) (30) and in adults with 
lower limb arthritis versus those without lower limb arthritis (about 
1.3 times greater) (31). A longitudinal study of community-dwelling 
older adults showed a 40% increased risk of self-reported injuri-
ous falls among adults with arthritis or rheumatism (32). However, 
to our knowledge, the association between knee OA and the risk 
of incident injurious falls has not been examined. If the risk of injuri-
ous falls is higher among older adults with knee OA, targeted ther-
apy/programs that would modify function and/or pain for those 
with elevated risk would be beneficial in order to reduce morbidity 
and mortality from falls.

To address this substantial knowledge gap, we examined 
the association between knee OA (for both ROA and sROA) and 
treated incident injurious falls among community-dwelling white 
and African American older men and women, from the Health 
Aging and Body Composition (ABC) Knee Osteoarthritis substudy.

Furthermore, we also performed a priori secondary analy-
ses, stratified by sex and by type of injurious fall (fracture versus 
nonfracture). Because of sex differences in pain threshold, when 
reporting pain, the impact of pain on behavior, and overall risk 
behavior, it was important to examine these associations sepa-
rately in men and women. Moreover, it is important to stratify by 
sex because there is evidence that sex hormones influence the 
development of OA and osteoporosis/fracture risk, practically via 
the reduction of estrogen levels in postmenopausal women (33).

PATIENTS AND METHODS

Study population. The parent Health ABC study enrolled 
3,075 women and men, ages 70–79, from 2 field centers, Pitts-
burgh, Pennsylvania and Memphis, Tennessee at visit 1 (base-
line, 1997–1998). Participants had to report no difficulty walk-
ing at least one-fourth of a mile and/or climbing a flight of stairs 
to be eligible to participate. White participants were identified 
from a random sample of white Medicare beneficiaries. Afri-
can American participants were identified as age-eligible com-
munity residents from designated zip code areas surrounding 
Pittsburgh, Pennsylvania and Memphis, Tennessee. Exclusion 
criteria included reported difficulty performing basic activities of 
daily living, obvious cognitive impairment, inability to commu-
nicate with the interviewer, intention of moving within 3 years, 
or participation in a trial involving a lifestyle intervention. There 
were 3,044 enrollees that remained at visit 2 (1998–1999).

The Health ABC Knee Osteoarthritis substudy included 
1,123 participants from visits 2 (1998–1999) or 3 (1999–2000) 
(Figure 1). Participants were included in the substudy at visit 
2 if they had qualifying knee pain and knee radiograph. Cases 
with qualifying knee pain were identified if they had “knee pain, 
aching, or stiffness on most days for at least 1 month” at some 
point over the previous year or if they reported moderate or 
worse knee pain during the previous month in association 
with at least 1 activity on the Western Ontario and McMaster 

SIGNIFICANCE & INNOVATIONS
•	 To our knowledge, no studies have examined the 

association between knee osteoarthritis (OA) and 
the risk of medically treated injurious falls, which is 
an outcome of substantial clinical and public health 
relevance.

•	 Compared with men without radiographic OA or 
pain, men with symptomatic radiographic OA (haz-
ard ratio 2.57 [95% confidence interval 1.12–5.91]) 
had a significantly higher risk of injurious falls. No 
association was found for women.

•	 Nonpharmacologic therapies (e.g., physical activ-
ity interventions) may help reduce the risk of falls 
in older adults, particularly older men with knee 
OA, by improving physical function. For example, 
EnhanceFitness, an evidence-based community- 
delivered physical activity program that is recom-
mended by the Centers for Disease Control for adults 
with arthritis and disseminated by many YMCA rec-
reational facilities across the US, has been shown to 
produce substantial improvements in function (e.g., 
muscle strength and balance) and may reduce the 
risk of a medically treated injurious fall.
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Universities Arthritis Index knee pain scale (34). Additional 
participants with qualifying pain were added at visit 3 if they 
had qualifying knee pain at both visits 2 and 3, and knee 
radiograph at visit 3. Finally, a random set of 270 controls (with 
no qualifying pain at either visit 2 or 3) with knee radiographs 
at visit 3 were selected from 1,798 participants for inclusion in 
the substudy (35).

Participants included in the analytic sample (n = 734) were 
those that were followed after study baseline (i.e., visits 2 or 3 in 
1998–2000) with a clinic visit 4 (Medicare data was only collected 
for those with a clinic visit 4 [2000–2001]), who did not have a 
missing Kellgren-Lawrence (K/L) grade reading of their knee 
radiograph and had Medicare fee-for-service (FFS) in the Centers 
for Medicare and Medicaid Services (to ascertain status of inju-
rious falls) that extended beyond study baseline enrollment date 
(1998–2000) (Figure 1). Participants in the analytic study were fol-
lowed from study baseline (1998–2000) until the occurrence of an 
injurious fall, the loss of FFS, loss to follow-up, death, or through 
visit 11 (2007–2008) (when Medicare claims were last collected 
for this study). Injurious fall status was assessed during this time 
period of FFS in the Centers for Medicare and Medicaid Services 

data set. The institutional review board at each center approved 
the study protocol, and written informed consent was obtained 
from all the participants.

Exposure variable of knee OA and pain. At both visits 
2 and 3, expert readers assessed posteroanterior and skyline 
projection knee Radiolov to assess K/L grade based on individ-
ual radiographic features (joint space narrowing, osteophytes, 
subchondral attrition, cysts, and sclerosis) and scored using 
the Osteoarthritis Research Society International atlas in the 
medial and lateral compartment of the tibiofemoral joint and the 
patellofemoral joint (36). Participants had radiographs taken at 
either visits 2 or 3. Follow-up began at either visit 2 or 3, depend-
ing on when the radiographs were taken. Interrater reliability was 
excellent (weighted kappa 0.87 for K/L grade). Knee ROA was 
defined as a K/L grade ≥2.

Adults were categorized into 4 mutually exclusive groups, 
including knee sROA, knee ROA without pain, knee pain without 
ROA, and no ROA or pain. During the clinic visit when knee imag-
ing was completed, participants were asked if they had “knee pain 
on most days in the past 30 days.” Knee pain was defined as 

Figure  1.  Flow chart for creating the analytic sample. OA = osteoarthritis; K/L = Kellgren/Lawrence; CMS = Centers for Medicare and 
Medicaid Services.
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having pain symptoms (during the majority of the last 30 days) in 
at least 1 knee. Knee ROA was defined as having a K/L grade of 
≥2 in at least 1 knee. Knee sROA was defined as having both ROA 
and pain symptoms in the same knee.

Injurious falls. Incident injurious falls were ascertained 
from outpatient and inpatient Medicare claims and defined using 
a diagnosis code algorithm from linked Medicare claims. All inju-
ries captured in Medicare claims are included, which includes any 
outpatient care billed by any type of provider. Any unique event 
with an International Classification of Diseases, Ninth Revision 
fall code (E880–888) plus nonfracture injury, a vertebral fracture 
code (805–806) with a fall code, or any nonvertebral fracture code 
(800–804, 807–829) with/without a fall code was considered an 
injurious fall, because an estimated 80% of nonvertebral fractures 
are attributed to falls (37). All traumatic (e.g., motor vehicle acci-
dents), intentional, and pathologic injuries were not considered to 
meet the definition of an injurious fall.

In the adjudication of our diagnoses code algorithm as pre-
viously detailed (38), a subset of Medicare fall injuries were com-
pared to the self-reported fall injuries with medical records. The 
injuries adjudicated were included due to potential uncertainty of 
particular diagnoses codes to classify a primary injurious fall; these 
included concurrent stroke code, fall code with uncertain injury, 
fracture code that was not in the first or second positions (i.e., not 
listed as the first or second reason for visit/hospitalization billing), 
and vertebral column/rib fracture without a fall code. Overall, the 
injurious fall adjudication showed an excellent agreement, except 
for vertebral fractures, where only 50% of vertebral fractures were 
confirmed. We revised the initial diagnoses code algorithm to 
exclude vertebral fractures without concurrent fall codes.

Covariates evaluated for inclusion in models. All 
covariates evaluated for inclusion in models were measured once 
at either visit 1 or 2. Potential covariates associated with the expo-
sure or outcome at P < 0.1 were included in the full multivariate 
adjusted model. If covariates were available at both visits, the visit 1 
measurement was used. These potential covariates were selected 
based on documented associations with knee OA and falls. Demo-
graphic variables included self-report of age, sex, race (white or 
African American), and education (less than high school [HS], HS 
graduate, or postsecondary), and study site (Memphis or Pitts-
burgh). Weight was measured on a standard balance beam scale 
to the nearest 0.1 kg. Height was measured by a stadiometer to the 
nearest 0.1 cm. The anthropometric measure of body mass index 
(BMI) was calculated using the formula weight (kg)/height (m2).

Lifestyle factors included self-report of smoking (never, past, 
or current smoker) and physical activity (kcal/kg/week). Physical 
activity was determined using the caloric expenditure in the past 
week for self-reported duration of walking, climbing stairs, and 
exercise (39).

Several medical characteristics were considered for the  
analysis. Participants self-reported their current health status (fair/
poor/very poor versus good/very good/excellent) and history of 
falls in the past 12 months, depression, poor vision, myocardial 
infarction, and stroke. Diabetes was defined using fasting glu-
cose (≥126 mg/dl), self-report, or hypoglycemic medication use. 
Diagnosed and/or treated hypertension was defined via self-report 
or antihypertensive medication use. To assess supplementary 
intake for vitamin D and calcium, and medication use such as non-
steroidal antiinflammatory drugs (NSAIDs), statins, steroids, and 
antidepressants, participants were asked to bring all prescription 
and over-the-counter medications, which were coded based on 
the Iowa Drug Information System (40). The total number of other 
medications was assessed using the number of other prescription 
medications (excluding steroids and antidepressants).

Statistical analysis. Chi-square tests were used to evalu-
ate proportion differences for incident injurious falls across study 
covariates. Two-sample t-tests (Wilcoxon rank sum test for non-
normally distributed data) were used to examine mean differences 
in continuous covariates by incident injurious falls status. In order 
to compare baseline knee OA status with study covariates, chi-
square tests were performed to assess proportion differences. 
Fisher’s exact test was performed for all tests of proportion if the 
expected value for any cell was <5. In order to compare mean 
differences in continuous covariates by baseline knee OA status, 
analysis of variance (Kruskal-Wallis test for non-normally distrib-
uted data) was performed.

Cox proportional hazards models were used to estimate 
hazard ratios (HRs) with 95% confidence intervals (95% CIs) 
and compare the time from the visits 2 or 3 (depending on when 
radiograph was taken) to incident injurious falls by baseline knee 
OA status (knee sROA, knee pain without ROA, knee ROA with-
out pain groups compared with reference group [no ROA or pain]), 
while controlling for potential confounders. Participants were right-
censored if they did not have the event of interest by the time they 
were lost to follow-up, their follow-up ended, or by the time of 
their death. Individuals with missing covariate data were dropped 
from the multivariate analyses. Furthermore, we performed a priori 
secondary analyses, stratified by sex and injurious falls type (frac-
ture versus nonfracture). The proportional hazards assumption 
was assessed by first testing the interaction of knee OA indicator 
variables (sROA, ROA without pain, or pain without ROA, versus 
no ROA/no pain) with log(time) and then the knee OA indicator 
variables using the Supremum test based on Schoenfeld residu-
als, in full multivariate adjusted models. The proportional hazards 
assumption was considered violated if P < 0.05 for the knee OA 
indicator variables *log(time) interaction terms or knee OA indica-
tor variables. Knee OA did not violate the proportional hazards 
assumption in the full multivariate adjusted overall, sex-stratified, 
and injury type–stratified models. All analyses were performed 
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Table 1.  Distributions of baseline knee OA status and incident injurious falls by baseline characteristics (n = 734)*

Knee sROA 
(n = 249)†

Knee ROA 
without 

pain 
(n = 32)‡

Pain with-
out knee 

ROA 
(n = 306)

No knee 
pain or 

ROA 
(n = 147)

P by knee 
OA status

Injurious 
fall 

(n = 255)
P by injurious 

falls status

Overall 33.9 4.4 41.7 20.0 – 34.7 –
Demographic characteristics

Sex 0.32 <0.01
Men 31.3 4.2 41.3 23.3 26.7
Women 35.7 4.5 41.9 17.9 39.9

Race <0.01 <0.01
White 29.3 2.1 47.4 21.2 42.7
African American 40.3 7.4 33.9 18.4 23.9

Site 0.01 0.10
Pittsburgh 40.3 3.1 36.8 19.8 38.1
Memphis 29.1 5.3 45.4 20.2 32.2

Education 0.28 <0.01
<High school 37.4 6.6 37.4 18.5 26.1
High school graduate 29.9 3.6 45.7 20.8 32.6
Postsecondary 34.8 3.3 41.5 20.4 42.8

Lifestyle characteristics 
Smoking 0.19 0.04

Never 37.2 4.3 40.1 18.5 37.2
Past smoker 33.0 4.4 43.2 19.4 35.0
Current smoker 20.6 4.8 44.4 30.2 20.6

Health status 0.04 0.04
Fair/poor/very poor 41.9 5.7 40.3 12.1 26.6
Good/very good/excellent 32.3 4.1 42.0 21.6 36.4

Medical characteristics 
History of falls last 12 months 0.02 0.22

Yes 31.9 2.7 50.8 14.6 38.4
No 34.6 4.8 38.8 21.9 33.5

Diabetes 0.59 0.08
Yes 33.3 5.3 44.4 17.0 29.2
No 34.1 4.1 40.9 21.0 36.4

Hypertension 0.02 0.45
Yes 38.1 4.8 40.4 16.8 33.5
No 29.1 3.8 43.2 23.8 36.2

Stroke 0.20 0.89
Yes 25.0 8.3 33.3 33.3 33.3
No 34.2 4.2 42.1 19.5 34.8

Myocardial infarction 0.42 0.02
Yes 32.4 7.4 36.8 23.5 22.1
No 34.3 4.1 42.2 19.5 36.1

Depression 0.61 0.34
Yes 39.1 2.2 45.7 13.0 41.3
No 33.5 4.6 41.5 20.4 34.4

Poor vision 0.33 0.22
Yes 35.2 3.6 42.9 18.3 36.6
No 32.3 5.3 40.1 22.3 32.3

(continued)
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using the SAS, version 9.3. Statistical significance for all analyses 
was determined at the α < 0.05 level.

RESULTS

Overall. The mean ± SD follow-up time was 6.59 ± 3.12 
years. The mean ± SD age of the participants was 74.7 ± 2.9 
years. There were 249 participants with sROA, 32 had ROA with-
out pain, 306 had pain without ROA, and 147 did not have pain 
or ROA in either knee. For the entire study period, 255 of the 734 
participants (34.7%) had an incident injurious fall. The average 
annual incidence rate of injurious falls across 11 years (from 1998 
through 2008) was 4.84 per 100 person-years. The incidence rate 
per 100 person years of injurious falls, by year, was 0.7 in 1998, 
3.0 in 1999, 4.0 in 2000, 5.8 in 2001, 5.2 in 2002, 3.7 in 2003, 
4.8 in 2004, 5.4 in 2005, 3.2 in 2006, 6.8 in 2007, and 10.3 in 
2008. The distributions of baseline knee OA status and incident 
injurious falls by baseline characteristics are shown in Table  1. 

Baseline knee OA status differed significantly by race, site, health 
status, history of falls, hypertension status, NSAID use, or steroid 
use (Table 1). Women, white subjects, those who had higher edu-
cation, never smoked, better health, or no heart disease, or those 
who took calcium or vitamin D supplements, antidepressants, or 
steroids were significantly more likely to have an incident injurious 
fall by the end of follow-up (Table 1). Mean age and BMI varied 
significantly by knee OA status (P < 0.01 for both). The baseline 
mean age was higher in adults with an incident injurious fall by 
the end of follow-up compared to those without an injurious fall 
by the end of follow-up (75.1 versus 74.5 years, P = 0.01). The 
baseline mean BMI was lower in those with an incident injurious 
fall by the end of follow-up versus those without such a fall by 
the end of follow-up (27.3 versus 28.3 kg/m2; P = 0.01). Median 
physical activity did not significantly differ by knee ROA status (P = 
0.35). Baseline median physical activity was 2.4 kcal/kg/week for 
those with an incident injurious fall and 2.2 kcal/kg/week for those 
without an incident injurious fall by the end of follow-up, P = 0.09. 

Knee sROA 
(n = 249)†

Knee ROA 
without 

pain 
(n = 32)‡

Pain with-
out knee 

ROA 
(n = 306)

No knee 
pain or 

ROA 
(n = 147)

P by knee 
OA status

Injurious 
fall 

(n = 255)
P by injurious 

falls status

Calcium supplement use 0.38 <0.01
Yes 29.7 3.5 47.1 19.8 45.9
No 35.3 4.5 40.1 20.1 31.2

Vitamin D supplement use 0.81 0.02
Yes 35.6 2.3 40.2 21.8 46.0
No 33.8 4.5 42.0 19.8 33.1

Antidepressant use 0.50 0.03
Yes 26.1 4.4 56.5 13.0 56.5
No 34.2 4.2 41.3 20.2 34.0

Statin use 0.84 0.25
Yes 30.6 5.1 43.9 20.4 39.8
No 34.5 4.1 41.5 19.9 33.9

NSAID use <0.01 0.09
Yes 46.4 4.1 43.8 5.7 39.7
No 29.5 4.3 41.0 25.2 32.8

Steroid use 0.04 0.01
Yes 23.8 4.8 61.9 9.5 54.8
No 34.5 4.3 40.5 20.7 33.5

Knee OA status – 0.15
sROA – – – – 35.3
ROA – – – – 28.1
Pain without ROA – – – – 38.2
No pain or ROA – – – – 27.9

* Values are the percentage of participants unless indicated otherwise. Data from the Health Aging and Body Composition (Health ABC) 
study, a US cohort study of 3,075 women and men, ages 70–79 years. OA = osteoarthritis; sROA = symptomatic radiographic osteoarthritis; 
NSAID = nonsteroidal antiinflammatory drug. 
† Kellgren-Lawrence grade ≥2 + symptoms. 
‡ Kellgren-Lawrence grade ≥2. 

Table 1. (Cont’d)
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Number of other prescription medications (excluding steroids and 
antidepressants) differed by knee OA status (knee sROA = 3.64, 
knee ROA without pain = 2.81, pain with knee ROA = 3.74, no 
knee pain or ROA = 2.51; all P < 0.01) and was borderline sig-
nificantly higher among adults with an injurious fall versus those 

without an injurious fall (3.61 versus 3.18; P = 0.05).

Men. There were a total of 77 injurious falls out of 288 men 
(26.7%), and the cumulative incidence varied by knee OA status. 
The cumulative incidence of injurious falls by knee OA group was 
33.3% for sROA, 16.7% for ROA without pain, 29.4% for pain 
without ROA, and 14.9% for no ROA or pain.

Women. There were 178 injurious falls out of 446 partici-
pants (39.9%), and the cumulative incidence did not vary by knee 
OA status. The cumulative incidence of injurious falls by knee OA 
group was 36.5% for sROA, 35.0% for ROA without pain, 43.9% 
for pain without ROA, and 38.8% for no ROA or pain.

Multivariate analyses. In the multivariate model with 
men and women combined, compared with those without 
ROA or pain, individuals with sROA (HR 1.09 [95% CI 0.73–
1.65]), ROA without pain (HR 1.01 [95% CI 0.46–2.20]), and 
pain without ROA (HR 1.08 [95% CI 0.74–1.57]) did not have 
a significantly increased risk of injurious falls (Table 2). Among 
men only, and compared with men without ROA or pain, those 
with sROA (HR 2.57 [95% CI 1.12–5.91]) had a significantly 
higher risk of injurious falls (Table 2). No significant association 
existed between knee OA and injurious falls in women. The 
4*2 interaction term predicting injurious falls between knee 
OA and sex was not statistically significant (P > 0.05); how-
ever, interpretation of this result should be viewed with cau-

tion as this analysis was likely underpowered as a result of the 
low number of adults with ROA and no pain. The association 
between knee OA and injurious falls did not differ by injurious 

fall type (fracture versus nonfracture) (Table 3).

DISCUSSION

To our knowledge, this is the first study to examine 
knee OA and the risk of treated incident injurious falls. Our 
study demonstrated that knee sROA was associated with 
an increased risk of injurious falls among older community-
dwelling men, independent of many potential confounders. 
Knee OA was not a predictor of injurious falls overall, among 
women, or by injurious fall type (fracture versus nonfracture). 
Our findings suggest that knee sROA is a risk factor for injuri-
ous falls in men, but not in women. Fall prevention efforts that 
target men with knee sROA are needed in order to reduce 
injurious falls risk.

Men with sROA had a 2.6-fold increased hazard rate of 
injurious falls compared with men who had no pain or ROA in 
either knee. In contrast, there was no significant association 
in women. It is unclear why this association was observed in 
men only. One potential explanation for this observation is that 
men are more likely to fall than women under similar conditions 
of health (e.g., OA) and balance (41). This may be the result 
of several factors, for instance, women who report pain are 
more likely to limit their activity than men (42), and men with 
similar conditions of health are more likely to put themselves 
in hazardous situations than women (41). Additionally, women 
may have a lower pain threshold and men are more likely 
to only report severe pain (43). A recent longitudinal 3-year 
study using data from the Swedish National Study on Aging 

Table 2.  Adjusted risk of injurious falls overall and by sex*

No. w/ injurious 
falls

Knee sROA 
HR (95% CI)†

Knee ROA w/out pain 
HR (95% CI)†

Knee pain w/out ROA 
HR (95% CI)†

Overall
Age-adjusted (n = 734) 255 1.05 (0.72–1.52) 0.91 (0.44–1.87) 1.15 (0.80–1.64)
Full MV model (n = 714) 249 1.09 (0.73–1.64) 1.11 (0.51–2.44) 1.05 (0.72–1.54)

Men
Age-adjusted (n = 288) 77 1.86 (0.91–3.83) 0.93 (0.20–4.25) 1.73 (0.85–3.50)
Full MV model (n = 278) 75 2.59 (1.13–5.98)‡ 1.19 (0.25–5.68) 2.03 (0.94–4.37)

Women
Age-adjusted (n = 446) 178 0.76 (0.49–1.18) 0.83 (0.36–1.88) 0.91 (0.60–1.38)
Full MV model (n = 436) 174 0.88 (0.54–1.43) 1.13 (0.44–2.87) 0.86 (0.56–1.34)

* Values were adjusted for age, sex, race, education, body mass index, physical activity, smoking, health status, history of falls 
in past 12 months, diabetes, hypertension, myocardial infarction, use of steroids, nonsteroidal antiinflammatory drugs, antide-
pressants, calcium supplements, vitamin D supplements, and total number of other prescription medications (excluding steroid 
and antidepressant use). sROA = symptomatic radiographic osteoarthritis; HR = hazard ratio; 95% CI = 95% confidence interval; 
MV = multivariate model. 
† Reference group comprises participants without ROA or pain in a knee. 
‡ Significant. 
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and Care in Kungsholmen showed that among men with the 
presence of pain or pain that limited their daily activities, there 
was an increased risk of injurious falls, but for women these 
associations were null (44). To our knowledge, previous longi-
tudinal studies have not examined knee OA using objectively 
measured radiographic data and related these to injurious falls 
treated in Medicare.

However, a few studies have examined radiographically 
measured knee OA and incident self-reported falls by sex, or in 
1 sex (21,23,24). One study among adults who were followed 
<3 years showed that knee OA was a significant predictor of 
falls in women, but not in men (21), whereas 2 other stud-
ies found no association in either sex (23,24). Further studies 
using radiographically measured knee OA and injurious falls are 
needed, based on our initial findings. Comparing these studies 
is arduous due to the heterogeneity of the study populations and 
exposures and outcomes.

The mechanism regarding the association between knee OA 
and injurious falls in men appears to be perceived pain. Among 
men with knee sROA or pain without ROA, the increased risk of 
injurious falls when compared with men without ROA or pain was 
more than 2-fold. Men with ROA but without pain had a similar 
incidence of injurious falls as men without ROA or pain. This is not 
surprising because pain has been shown to be associated with 
falls in a meta-analysis of 21 studies (45).

Having a history of falls has been shown to be a predictor of 
incident falls (46). In our study, a history of falls varied significantly 
by knee OA status, with 50% of adults with pain without ROA 
having a history of a fall in the last 12 months. However, history 
of falls did not significantly predict incidence injurious falls in both 
the univariate and multivariate analyses, suggesting that injurious 
falls (a proxy for severe falls) may have nonoverlapping risk factors 
when compared with the outcome of falls.

In consideration of the heterogeneity in the association of 
knee OA with fall outcomes across studies, it is prudent to con-
sider nonpharmacologic therapies that might help reduce the risk 

of falls in older adults, particularly older men with knee OA, by 
improving physical function. For example, EnhanceFitness, an 
evidence-based community-delivered physical activity program 
that is recommended by the CDC for adults with arthritis and dis-
seminated by many YMCA recreational facilities across the US, 
has been shown to produce substantial improvements (18% to 
35%) in function (e.g., muscle strength and balance) (47,48). Addi-
tionally, the program has shown that consistent EnhanceFitness 
users had a 26% reduced risk of falls requiring medical care (49). 
Increased implementation of this intervention or other physical 
activity interventions (50) may reduce the risk of injurious falls 
among adults with knee OA, though further studies are needed.

Our study has notable strengths, including being the first to 
examine radiographic knee OA and the risk of incident injurious 
falls. Furthermore, fall injuries were determined from both outpa-
tient and inpatient Medicare claims, which allowed outcomes to 
be collected even if participants did not attend subsequent Heath 
ABC clinic visits. Medicare includes all potentially relevant health 
services provided for injurious falls for adults ≥65 years, though it 
would not capture health services provided by Veterans Affairs. 
which for this age group may affect missingness of health ser-
vices data in men more than women. These adjudicated injurious 
falls from Medicare claims may provide a more complete assess-
ment and time frame of injurious falls versus relying solely on 
self-reported injurious falls, which are likely subject to recall bias. 
Moreover, we examined both nonfracture and fracture fall injuries. 
Finally, we adjusted for many potential confounders, and for a long 
follow-up period (median of >6.5 years).

Our study does, however, have several potential limitations. 
First, we measured knee OA at baseline only, and radiographic 
and pain changes may occur over time. Second, self-report of 
certain potential confounders may bias findings (e.g., physical 
activity). Third, the low prevalence of adults with knee ROA and no 
pain in this sample may have reduced our power to detect associ-
ations with injurious falls in this group. Fourth, the 389 participants 
taken from the Knee Osteoarthritis substudy and excluded from 

Table 3.  Adjusted risk of fracture and nonfracture injurious falls overall*

Injurious falls 
No. with injurious 

falls
Knee sROA 

HR (95% CI)†

Knee ROA without 
pain 

HR (95% CI)†

Knee pain with-
out ROA 

HR (95% CI)†

Fracture 
Age-adjusted (n = 667) 188 1.08 (0.70–1.69) 1.19 (0.56–2.51) 1.18 (0.78–1.81)
Full MV model (n = 649) 184 1.18 (0.73–1.90) 1.70 (0.75–3.83) 1.06 (0.68–1.66) 

Nonfracture‡
Age-adjusted (n = 546) 67 0.99 (0.49–2.01) – 1.18 (0.61–2.30)
Full MV model (n = 530) 65 1.08 (0.49–2.38) – 1.22 (0.59–2.52)

* Values were adjusted for age, race, sex, education, body mass index, physical activity, smoking, health status, history 
of falls in past 12 months, diabetes, hypertension, myocardial infarction, use of steroids, nonsteroidal antiinflammatory 
drugs, antidepressants, calcium supplements, vitamin D supplements, and total number of other prescription medications 
(excluding steroid and antidepressant use). See Table 2 for definitions. 
† The reference group comprises participants without ROA or pain in a knee. 
‡ No nonfracture injuries occurred among participants with knee ROA without pain. 



KNEE OSTEOARTHRITIS AND RISK OF INJURIOUS FALLS  |      873

the analytic sample varied slightly from the analytic sample, which 
may impact the generalizability of the findings. Although knee OA, 
age, sex, and BMI did not differ by group, those excluded were 
more likely to be African American and slightly more educated. In 
addition, our sample comes from a nondisabled well-functioning 
population at baseline, which may also affect generalizability. 
Finally, we adjusted for many potential confounders, but residual 
confounding is a limitation of all observational studies.

In summary, in a cohort of older men and women, knee 
sROA was independently associated with a 2.6- fold increased 
risk of incident injurious falls in men only. More studies are needed 
to confirm this initial finding and explore why this association was 
limited to men. Studies with a larger cohort of participants with 
radiographic evidence of knee OA but no pain are needed to bet-
ter understand the independent impact of knee OA without pain 
on injurious falls.
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What Is the Evidence to Support the Association Between 
Metabolic Syndrome and Osteoarthritis? A Systematic 
Review
Shanshan Li1 and David T. Felson2

Objective. There is conflicting evidence on the association between metabolic syndrome (MetS) with the risk of 
osteoarthritis (OA). We aimed to systematically summarize the empirical evidence and discuss challenges in research 
methodologies in addressing this question.

Methods. We performed a systematic literature review based on PubMed, Embase, Web of Science, and the 
Cochrane Database of Systematic Reviews on published epidemiologic studies that examined the association be-
tween MetS and the risk of OA. We included cross-sectional studies, case–control studies, and cohort studies with 
appropriate covariate adjustments. We extracted information on prevalence, incidence, crude and adjusted effect 
estimates, and the 95% confidence intervals from the articles, or this information was provided by the authors. We 
listed the main methodologic issues existing in current literature and provided recommendations for future research 
on this topic.

Results. We identified 7 eligible studies on knee OA, 3 on hip OA, and 3 on hand OA. In studies that adjusted for 
body mass index or weight, MetS was not significantly associated with the risk of knee OA. No significant associ-
ations were reported for hip OA. For hand OA, the data were sparse and insufficient to reach a conclusion. Studies 
were mostly cross-sectional, exposure included only 1 time measurement, few studies had incident outcomes, and 
covariate adjustment was often insufficient.

Conclusion. Our review was unable to reach a definitive conclusion due to insufficient data, although the data 
suggest that knee and hip OA are not associated with MetS. Future longitudinal studies with incident OA cases, 
repeated measurement of MetS, and appropriate covariate adjustment are needed.

INTRODUCTION

Worldwide prevalence of osteoarthritis (OA) is increasing due 
to aging and the obesity epidemic. Understanding the etiology of 
OA and subsequent systemic consequences of OA is important, 
because it confers a significant public health burden. Metabolic 
syndrome (MetS), a cluster of several cardiometabolic risk factors 
and a common accompaniment of obesity, is defined as central 
obesity, dyslipidemia, impaired fasting glucose, and hypertension. 
Substantial evidence suggests that MetS is associated with an 
increased risk of cardiovascular disease, type 2 diabetes  mellitus, 
and cancer. Emerging evidence also links MetS with the risk of 
OA. Obese individuals are at high risk of developing OA, not only in 

the knee but also in non–weight-bearing joints such as the hand. 
The association between obesity and hand OA has suggested 
that the loading conferred by obesity on weight-bearing joints is 
not the sole explanation for the high risk of OA among obese indi-
viduals. Evidence has emerged that chronic inflammation, insu-
lin resistance, and production of abnormal adipocytokines from 
adipose tissues (such as tumor necrosis factor, interleukin [IL]-1, 
IL-6, leptin, and adiponectin) may play a role in the etiology of OA. 
However, the potential mechanisms underlying this association 
are unclear.

Early reports on the link between MetS and OA appeared 
in 1990, and the number of articles focusing on this issue has 
increased dramatically over the past 15 years (see Supplemen-
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tary Figure 1,  available on the Arthritis Care & Research web site 
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23698/abstract). 
Review articles published on this topic have focused mostly on 
the potential biologic mechanisms underlying this link. There has 
been little critical examination of the evidence, including quality 
of study design and statistical analyses. Whether a link between 
MetS and OA really exists is still under debate (1). There are at 
least 2 major study design concerns that are highly relevant to 
studies of MetS and OA. First, since the loading conferred by obe-
sity is likely to be an independent cause of OA (especially of knee 
and hip OA), studies examining metabolic factors with OA need 
to include an adjustment for weight or body mass index (BMI). 
Second, most published studies are cross-sectional and therefore 
provide only limited evidence for causality. The strongest evidence 
for causal relations comes from high-quality longitudinal studies 
with incident OA as outcomes (2). Thus, the goal of our review 
was to provide a systematic summary of evidence, discuss chal-
lenges in epidemiologic study design and issues regarding the 
study of an association between MetS and OA, discuss the diffi-
culty in analyses and evaluate strengths of the existing evidence, 
and suggest future directions.

MATERIALS AND METHODS

Data sources and searches. We conducted a systematic 
literature review on epidemiologic studies using PubMed, Web 
of Science, the Cochrane Database of Systematic Reviews, and 
Embase. In addition to the articles found, we searched references 
of all identified articles. The search strategies for the PubMed search 
are shown in Supplementary Appendices 1–3, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23698/abstract. All searches were conducted for 

published literature up to May 16, 2018. We followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses state-
ment and the guidelines for performing a meta-analysis and sys-
tematic review of observational studies in epidemiology.

Study selection. Both authors (SL and DTF) inde-
pendently evaluated each study’s eligibility and study quality. 
Discrepancies were resolved by consensus. To be included, 
studies had to: 1) report data from an original, peer-reviewed 
study; 2) be of cross-sectional, case–control, or prospective 
cohort design using a noninstitutionalized adult population (age 
>18 years); 3) be a study of humans with and without OA; 4) 
characterize participants as to whether they had MetS or not; 
5) define OA as clinical OA, knee or hip replacement due to OA, 
or symptomatic OA or radiographic OA, with the latter 2 includ-
ing imaging evidence of OA; 6) report an association between 
the 2 conditions; and 7) have adjustment for confounding fac-
tors, including adjustment for BMI or weight. For studies pub-
lished in languages other than English, we reviewed the English 
abstract and if the full article was needed, we asked a native 
speaker to translate the article into English. For multiple articles 
published from the same study, we reviewed all but presented 
details only from the most recent qualified article.

Data extraction and quality assessment. Informa-
tion from each selected study was extracted by both authors 
independently. We evaluated each study based on study design, 
study population, exposure and outcome definitions, confound-
ing control, bias assessment, and statistical methods, as well as 
the study-defined effect estimates.

Data synthesis and analysis. The odds ratio or hazard 
ratio was reported in eligible studies. Due to the limited num-
bers of longitudinal studies with adequate quality and the het-
erogeneity of these studies, there was not sufficient data for a 
meta-analysis. To be consistent with most eligible studies, we 
presented results on MetS as a binary variable (yes or no).

RESULTS

We found 506 studies on the topic of knee/hip/hand OA 
and MetS from PubMed, 702 studies from Web of Science, 0 
from the Cochrane Database of Systematic Reviews, and 555 
studies from Embase up to May 16, 2018. More than 1 article 
was published based on data from the Research on Osteoar-
thritis/Osteoporosis Against Disability (ROAD) cohort (3). We 
used the one with the most detailed analyses on numbers of 
MetS components that was a prospective cohort study with 
multivariable adjustment (3).

MetS with knee OA. For knee OA, 7 studies met our 
inclusion criteria, of which 2 were cross-sectional (4,5), 1 was 

SIGNIFICANCE & INNOVATIONS
•	 Articles published on the association between met-

abolic syndrome (MetS) and osteoarthritis (OA) 
have focused mostly on potential biologic mecha-
nisms. There has been little critical examination of 
the evidence, including quality of study design and 
statistical analyses. Whether a link between MetS 
and OA really exists is still under debate.

•	 For knee and hip OA, after adjustment for body 
mass index or weight, most studies showed a null 
association.

•	 We found that most existing evidence on the asso-
ciation of MetS and OA risk was of limited quality. 
Either large high-quality longitudinal studies in the 
future or a pooling of studies will permit a further 
examination of the association of MetS, especial-
ly with hand OA. Clarifying the relationship could 
offer opportunities for prevention of OA and have 
important public health and policy implications.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23698/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23698/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23698/abstract
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a case–control study (6), and 4 were cohort studies (7–10) 
(Table 1). Most of the reported effect estimates suggested a 
null association of MetS with knee OA after adjustment for BMI 
or weight (5,7,8,10). Despite meeting all of our selection crite-
ria, the quality of the following studies and results needs to be 
interpreted with caution. The cross-sectional study performed 
by Shin using the fifth Korean National Health and Nutrition 
Examination Survey demonstrated a 1.49-fold increased risk 
for knee OA, and results became nonsignificant after further 
adjustment for body weight or BMI (4). This study did not 
account for sampling weights in the statistical analysis, even 
though the study, a nationwide survey, had a stratified, multi-
stage probability sampling design. Contrary to other literature, 
the small Fasa Osteoarthritis Study showed that the odds ratio 
between MetS and OA paradoxically increased from 6.8 to 
10.9 after adjusting for age, sex, and BMI (6).

MetS with hip OA. For hip OA, 3 studies were eligible, 
all of which were cohort studies (7,9,10) (Table  2). All stud-
ies had large sample sizes and a long duration of follow-up. 
Results before and after BMI adjustment were consistently 
null. Overall, there was no association between MetS with hip 
OA.

MetS with hand OA. For hand OA, the only longitudinal 
study showed a null association (11). However, this study was of 
small sample size and studied only whites. We did not have suffi-
cient data to reach a definitive conclusion in this review (5,11,12) 
(Table 3). The 2016 study by Tomi et al focused on patients with 
HIV and may not be generalizable to the general population (12). 
Although not included in our review, the Netherlands Epidemiol-
ogy of Obesity study provided important evidence on adiposity, 
particularly visceral fat, associated with a 1.3-fold elevated risk 
for hand OA in men (13).

DISCUSSION

In our current review, most evidence pointed to a null 
association of MetS with knee and hip OA. For hand OA, the 
data were limited and conflicting and were not sufficient to 
allow us to reach a definitive conclusion. Our systematic review 
showed that the strongest evidence came from a few longi-
tudinal studies (7–10). More rigorous longitudinal evidence is 
needed.

Overall, we found methodologic deficiencies in most 
studies examining MetS and OA. Few studies used longi-
tudinal data with sufficient sample sizes to assess associa-
tions between MetS and OA (7–10), and even fewer studies 
excluded prevalent OA cases, or prevalent joint replacement 
at baseline (7,8,10). The adequacy of control for confound-
ing varied considerably across studies. The definition of MetS 
and its relevant exposure window were not clear, with existing 

studies having only 1 time measurement of MetS in adulthood. 
Since obesity, sedentary lifestyle, and MetS may increase as a 
consequence of knee or hip OA, cross-sectional studies exam-
ining MetS and OA in these joints are limited in their ability to 
make causal inferences. Evidence was mainly from the US, 
Europe, and Asia, and future studies from black, Hispanic, and 
other minority populations are needed.

Of cross-sectional and longitudinal studies of MetS and knee 
or hip OA, several showed associations unadjusted for BMI or 
weight (4,5,9,10). In unadjusted analyses from all of these stud-
ies, there was a significantly increased risk of OA, and in all, this 
association diminished greatly and became nonsignificant in all 
but 1 when analyses were adjusted for BMI (4,5,9,10). In the Fasa 
Osteoarthritis Study, the odds ratio paradoxically increased from 
6.8 to 10.9 after adjustment for age, sex, and BMI (6). Despite 
consistent findings from the literature that age is a strong risk fac-
tor for OA, this study showed a paradoxically reduced risk of OA 
with advanced age (6).

Inferring causality from observational studies is challenging 
and is based on multiple assumptions. Hill criteria include strength, 
consistency, specificity, temporality, biologic gradient, plausibility, 
coherence, experimental evidence, and analogy (2). Among all 
components, temporality is the most important consideration. Evi-
dence from cross-sectional studies contributes less when com-
pared with longitudinal studies, with exposure preceding outcome 
and confounder control (14). The evidence is further strengthened 
if there is a longitudinal study with control for baseline confounders 
(14). When there is a potential feedback between the exposure 
and outcome (for example, hip and knee OA leading to obesity) 
over time, cross-sectional studies are subject to reverse causa-
tion and cannot be used for drawing inferences. When reverse 
causation is highly unlikely, cross-sectional studies provide some 
evidence. If study investigators have a clear rationale on the tem-
poral ordering of the exposure and outcome, and the confounding 
variables are likely to temporally precede the exposure and out-
come, then cross-sectional evidence can be helpful (14).

Knee and hip OA can lead to changes in lifestyle, such as 
reduced physical activity level and weight gain, that may increase 
the subsequent risk for MetS. Whether there is a bidirectional rela-
tionship between MetS and OA is currently unclear. For studies on 
MetS as a risk factor for OA, differentiating incident from prevalent 
knee OA is therefore important.

Prevalent hand OA cases may be less subject to reverse 
causation, because the hand is a non–weight-bearing joint, and 
hand OA might not be likely to lead to dramatic lifestyle changes 
when compared with knee or hip OA. However, an absence of 
evidence does not prove a null association, and more data on 
the longitudinal association of MetS with hand OA are needed. 
Currently, only 1 study investigated this association longitudinally 
(11) (Table 2).

The current evidence focused on incident OA as defined 
by a Kellgren/Lawrence grade or total joint replacement, which 
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is already late in the pathogenesis of joint pathology. For studies 
using joint replacement as outcomes, excluding prevalent joint 
replacement at baseline is important. Hellevik et al (7) excluded 
prevalent joint replacement at baseline and reported effect esti-
mates for incident joint replacement. Future studies examining 
earlier stages of disease (possibly with magnetic resonance imag-
ing) and joint pain are needed.

Except for the Melbourne Collaborative cohort study (9) (562 
hip replacement, 660 knee replacement) and the Nord-Trøndelag 
Health Study (7) (1,840 hip replacement, 1,111 knee replacement), 
current evidence was based on a limited number of incident OA 
events. In general, studies may not have been large enough to 
give a definite answer and had low power to detect potential effect 
modification. Combining data from studies to leverage existing 
cohort resources and examine potential effect modification, such 
as by sex and race, may be needed.

Currently there is no consistent definition of MetS. In our review, 
we did not exclude studies based on the definition of MetS, and we 
listed all definitions of MetS that were used in the original studies. 
The heterogeneity in MetS definitions has contributed to published 
studies with different definitions and criteria for MetS. Consistency 
of the research findings across different MetS definitions would 
increase the robustness and generalizability of the results.

Current literature mainly focused on MetS as a one-time 
measurement, thus studying a fixed prevalent exposure. There 
is a need for studies examining changes in MetS with risk of OA. 
Questions regarding how MetS changes and how MetS in child-
hood or early life is related to OA risk in later life is unknown. Fur-
ther, according to the developmental origins of chronic disease 
theory, obesity, cardiovascular disease, and type 2 diabetes 
mellitus develop during intrauterine exposure and fetal program-
ming. Whether this programming is also true for OA etiology is 
currently unclear. Future study on the intergenerational effects of 
MetS on OA risk using a life course approach may be of interest.

Whether there is a potential effect modification by sex on the 
association between MetS and OA is currently unclear. Only 2 stud-
ies have tested for this potential effect modification. In the Framing-
ham OA study, Niu et al (8) found no sex-specific findings. Engstrom 
et al (10) also found MetS and OA risk to be similar by sex. Due to 
the limited numbers of studies presenting sex-specific results, we 
cannot have a definite answer regarding effect modification by sex.

Current evidence is subject to uncontrolled and unmea
sured confounding. Socioeconomic factors, dietary informa-
tion, and lifestyle factors contribute to the etiology of both MetS 
and OA. However, existing studies have not fully considered 
nor were able to account for influences of these factors. Each 
study would have been strengthened if the authors had pre-
sented additional analyses on these as potential confounders 
of the association between MetS and OA and had presented 
information on how observed results would be changed by 
these potential confounders. Bias analysis methods have been 
developed to evaluate the robustness of evidence from obser-

vational studies (15). None of the published studies included in 
our search performed sensitivity or bias analyses to assess the 
influence of unmeasured confounding. We encourage future 
studies to perform sensitivity analyses and demonstrate the 
robustness of study findings.

The Korean National Health and Nutrition Examination Study 
showed a nonsignificant association between MetS and OA after 
further adjustment for weight or BMI. Despite a stratified, mul-
tistage probability sampling design, this study used a logistic 
regression model without adjusting for sampling weights, which 
can bias results. It would be helpful for future studies to provide 
results with sampling weights adjustment.

While this systematic review focused on overall MetS, many 
of the articles included also gave data on individual compo-
nents of MetS and their relation with OA. As with MetS, there is 
a burgeoning literature on the potential relation of each of these 
with OA. Further, for each, there are unique biologic reasons to 
suspect a relationship. Our review is insufficient to grapple com-
prehensively with the evidence linking such elements of MetS as 
hypertension, diabetes mellitus, lipid abnormalities, and visceral 
adiposity with OA. Our suggestions about study design are highly 
relevant to the study of these issues as well.

The number of reviews on MetS and OA has grown expo-
nentially in recent years without a critical look at the quality of the 
evidence. Our review focused on published studies and thus may 
be subject to publication bias. Further, our review focused on 
MetS, and future studies are needed to look into each individual 
component of MetS.

In conclusion, there was insufficient data from large high-
quality studies on the association of MetS with OA, especially 
hand OA. However, the preponderance of high-quality evidence 
suggests that there is no association of MetS with either knee 
or hip OA. Future evidence from large high-quality longitudinal 
studies is needed. We suggest either larger longitudinal studies 
or a pooling of studies to permit a further examination of this 
association, as well as a focus on examining earlier stages of 
disease. If every future epidemiologic study could address the 
methodologic considerations mentioned above, the potential 
for prevention of OA may be substantial, and the results could 
have important public health and policy implications.
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Most Important Frequently Asked Questions From Patients 
With Hip or Knee Osteoarthritis: A Best-Worst Scaling 
Exercise
Aniek A. O. M. Claassen,1  Keetie C. A. L. C. Kremers–van de Hei,2 Frank H. J. van den Hoogen,3  
Willemijn H. van der Laan,1 Wim H. C. Rijnen,4 Sander Koëter,2 Joris Botman,5 Vincent J. J. F. Busch,1  
Henk J. Schers,4 and Cornelia H. M. van den Ende3

Objective. To collect and prioritize the frequently asked questions (FAQs) that patients with hip or knee osteoar-
thritis (OA) and health care professionals consider to be the most important; to identify informational needs that go 
beyond guideline recommendations.

Methods. FAQs were collected among health care professionals and from the arthritis helpline of the Dutch Ar-
thritis Foundation. After deleting overlapping FAQs, the remaining FAQs were prioritized by patients and health care 
professionals using a maximum difference scaling method. A hierarchical Bayesian method was used to calculate 
relative importance scores. Differences between health care professionals and patients were analyzed using inde-
pendent t-tests.

Results. A total of 28 health care professionals and the arthritis helpline provided 192 FAQs. After deleting 
overlapping FAQs, 60 FAQs were prioritized by 94 patients (57 [60.6%] women, mean age 67.3 years) and 122 health 
care professionals (67 [54.9%] women, mean age 45.7 years). The FAQ “What can I do myself to decrease symptoms 
and to prevent the OA from getting worse?” was prioritized as the most important by both patients and professionals. 
FAQs that were highly prioritized by patients but significantly different from professionals were more directed toward 
treatment options offered by health care professionals, whereas highly prioritized FAQs of professionals were more 
often focused on treatment options involving self-management.

Conclusion. The health care professionals’ perspective on informational needs differs from that of OA patients. 
These differences are important to address in order to achieve more active involvement of patients in their own treat-
ment process.

INTRODUCTION

Patient education is a cornerstone in the management of 
chronic conditions like osteoarthritis (OA) (1). Providing relevant 
disease-related and self-management–related information helps 
patients become actively involved in their own care process (2). 
Moreover, research has shown that the need for information 
among OA patients is high (3–5).

A number of informational sources, including health profes-
sionals such as general practitioners (GPs) and physiotherapists, 
health-related web sites, patient information leaflets, and family 

and friends, are available for patients. When patients obtain infor-
mation from more than 1 source, they may encounter conflicting 
information (4). Receiving conflicting information has been found 
to be associated with undesirable outcomes, such as reduced 
medication adherence in patients with vasculitis or arthritis and 
in pregnant women (4–6). Moreover, receiving conflicting expert 
opinions may be perceived as incompetence of the experts, 
which in turn has been associated with lower intentions to pursue 
health behaviors that are known to be beneficial (7).

National and international guidelines for hip or knee OA rec-
ommend the provision of accurate information about the condi-
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tion and its management, to counter misunderstandings for all 
patients (8–10). Despite these recommendations, patients indi-
cate that they do not always receive the information they need to 
manage their disease adequately (11). Barriers related to health 
care professionals can contribute to the lack of provision of con-
sistent and sufficient information. In a systematic review, Egerton 
et al (12) identified barriers for primary care health care profession-
als in providing the recommended management of OA to patients: 
OA was not always seen as a serious condition, but rather as a 
part of normal aging or as less important than other conditions; 
health care professionals felt underprepared, because of the lack 
of clarity and specificity of guidelines or because of their own lack 
of knowledge about OA treatments; personal beliefs about rec-
ommended treatments on effectiveness and patient adherence 
varied among health care professionals; and health care profes-
sionals were challenged by patients’ expectations that were other 
than their own views. These barriers underpin the importance of 
finding consensus among multiple health care professionals about 
the content and phrasing of information for OA patients and to 
formulate this information from a common perspective to make it 
consistent and clear for information transfer to the patient.

In a recent study, French et al (13) used a multistage con-
sensus process to identify key messages that are essential for 
patients to know, extracted from multiple guidelines about OA. 
After optimizing the wording of the key messages, an overall 
ranking of the messages averaged across all panel members 
was determined. These messages can be used in patient educa-
tional material because they are a translation of evidence-based 
information. However, although these statements are identified as 
being essential for patients, they do not necessarily cover patients’ 
needs and preferences for information on topics that go beyond 
what is covered in guidelines. Because the preferences and the 
needs of patients are important in their decision-making for treat-
ments, such items are important to investigate (14). Porcheret et al 
(15) found that patients considered information about the biomed-

ical approach important for an OA consultation in primary care, 
while current psychosocial and behavioral approaches are recom-
mended in guidelines (10). Therefore, there might be differences in 
what health care professionals consider important information and 
what patients want to know and what patients in different stages 
of their disease consider important (3).

To make an inventory of the informational needs of OA 
patients that goes beyond guideline recommendations, and to 
evaluate whether those needs are perceived differently by health 
care professionals, the current study aimed to answer the follow-
ing research questions: 1) What are the most important frequently 
asked questions (FAQs) of patients with hip or knee OA? 2) Are 
there differences in rating of importance of FAQs between patients 
and professionals? 3) What is the difference in informational needs 
of patients and those perceived by professionals? and 4) Are there 
differences in informational needs among patients in different 
treatment settings?

PATIENTS AND METHODS

The setting and context for the research was the region of 
Nijmegen in The Netherlands, where a collaboration among health 
care providers involved in the care of hip or knee OA set up a 
conjoint educational program for patients in several communities 
to harmonize care in the region. A 2-step approach was followed 
to make an inventory of the most important FAQs.

Step 1: inventory. Participants. The following stake-
holders and health care professionals were invited by e-mail 
or newsletter to provide FAQs for the inventory: all orthopedic 
surgeons (n = 25; specialized in hip or knee surgery) from 3 
hospitals in the Nijmegen area, i.e., Radboud University Medi-
cal Center (Radboudumc), Canisius Wilhelmina Hospital (CWZ), 
and Sint Maartenskliniek Hospital (SMK); rheumatologists from 
the Radboudumc and SMK (n = 29); nurse practitioners from 
CWZ (n = 2); GPs involved in this project, as well as colleague 
GPs working in their general practice (n = 24); primary care 
physiotherapists involved in this project or connected to a local 
OA network for health professionals specialized in rheumatic 
diseases (n = 188); and the Dutch Arthritis Foundation, which 
provided FAQs from OA patients made to the professionals on 
their telephone helpline.

Procedure. The Dutch College of General Practitioners 
(Nederlands Huisartsen Genootschap) recently launched the 
web site www.thuisarts.nl (i.e., home doctor), which provides 
information about OA (among other diagnoses). Questions 
and topics about OA covered on this web site include: What is 
OA?, What are symptoms of OA?, What causes OA?, How is 
OA diagnosed?, Medication and OA, and Exercise therapy and 
OA. The information on this web site is based on national and 
international guidelines. Our aim was not to restrict to FAQs on 
basic information about hip or knee OA, because these top-

SIGNIFICANCE & INNOVATIONS
•	 This study provides informational needs of patients 

with hip or knee osteoarthritis (OA) that go beyond 
guideline recommendations.

•	 The question “What can I do myself to decrease 
symptoms and to prevent the OA from getting 
worse?” is considered the most important by pa-
tients and health care professionals for all hip and 
knee OA patients.

•	 The perspective on information needs differs be-
tween patients and health care professionals.

•	 Patients consider questions oriented toward treat-
ment options offered by health care professionals 
important, whereas frequently asked questions 
that are highly prioritized by health care profession-
als are more directed toward self-management.

http://www.thuisarts.nl
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ics are usually covered on many web sites and in educational 
material. Therefore, we asked participating health care profes-
sionals to record 5–10 FAQs they often get from their patients 
about OA that are not covered on the web site www.thuisarts.
nl. Two researchers evaluated all collected FAQs to reduce the 
total number when possible. First, duplicates were deleted. 
Next, the researchers individually identified FAQs that were 
similar in formulation, and based on discussion, we decided 
which could be combined. Last, FAQs that could be answered 
with the content of the web site mentioned above were also 
deleted. A total of 60 FAQs were included for the prioritization 
step.

Step 2: prioritizing. Participants. To prioritize the FAQs, a 
survey was developed and distributed among patients with hip 
or knee OA and health care professionals working in the field of 
OA. GPs from 2 local medical centers were asked to invite pa-
tients with an OA diagnosis by mail. These patients were select-
ed through the GP’s information system. Inclusion criteria for pa-
tients were a diagnosis of hip or knee OA, age >18 years, ability 
to communicate well in Dutch, basic computer skills, having an 
email address, and a willingness to participate in the study and 
sign an informed consent. A total of 398 patients were sent an 
information letter about the study, with a reply card.

The same health care professionals who were asked for the 
inventory step were asked to participate in the prioritizing step. In 
addition, GPs from the Radboudumc Practice Based Research 
Network, Department of Primary and Community Care (n = 420) 
were invited to participate. To ensure diversity with regard to the 
type of discipline and setting, corresponding to the Dutch health 
care system, we aimed at including health care professionals in the 
following occupational groups: 35 primary care physiotherapists 
or exercise therapists, 35 GPs, 20 orthopedic surgeons (including 
physicians in training to be a specialist and nurse practitioners 
specialized in orthopedics), and 10 rheumatologists (including 
physicians in training to be a specialist and physician assistants 
specialized in rheumatology).

Overall we aimed at including 100 patients and 100 profes-
sionals. No guidance is provided in the literature regarding the 
minimal sample size for a desired statistical power for best-worst 
scaling methods (16). Sample sizes of previous studies evalu-
ated in a review ranged between 15 and 1,296 participants (16).

Survey development and procedure. We developed an on-
line survey consisting of 2 parts. In the first part, we assessed 
demographic characteristics of all respondents: age (years), sex 
(male/female), and education level (low/high). Patients were asked 
to answer additional questions on the affected joint (hip/knee/
both), years since diagnosis (<1, 1–5, 5–10, or >10), and setting 
(primary care, secondary care, or postsurgery) based on health 
care use (“Did you visit an orthopedic surgeon in the past?” [yes/
no] and “Did you already have joint replacement surgery?” [yes/
no]). In the questionnaire for health care providers, we assessed 

the occupation (GP, physiotherapist, rheumatologist, orthopedic 
surgeon, or other) and years in practice of professionals.

In the second part of the survey, we prioritized the FAQs 
from the inventory according to relative importance by means of 
a maximum difference scaling (MaxDiff) exercise (also known as 
best-worse scaling). In this methodology, participants are shown a 
subset of possible items and asked to indicate (among this subset) 
the most and least important item. Participants complete a number 
of these sets, an exercise in which each set contains a different 
subset of items (17). The MaxDiff method has been used success-
fully for research questions in rheumatology (18,19). In our study, 
all of the 60 FAQs were presented twice in subsets of 5 FAQs (20), 
resulting in 24 subsets for each participant. For each subset, par-
ticipants were asked to indicate the most and least important FAQ 
that should be answered for all OA patients. In the current study, 
Sawtooth Software’s SSI Web platform (http://www.sawtoothsoft-
ware.com/products/maxdiff-software) was used to develop the 
online questionnaire with the MaxDiff exercise. The software cre-
ates the optimal design of subsets based on 1,000 iterations. A 
total of 300 versions was created to ensure a variety of combina-
tions of FAQs and a randomized order among participants, to avoid 
higher importance being given to the first FAQ mentioned. An open 
link was created to be disseminated to patients and professionals.

Statistical analysis. Descriptive analyses were used 
to describe demographic characteristics of participants. The 
choices made by respondents in the MaxDiff exercise were ana-
lyzed using the hierarchical Bayesian (HB) method to estimate 
relative importance (RI) scores (Sawtooth Software I). The HB 
method allowed us to estimate the individual level of importance 
by combining information from individuals’ specific choices with 
the distribution of importance across participants, computing 
individual-level weights under the logit rule. Raw scores were 
generated by iteration on an interval scale. To facilitate interpre-
tation, the scores were subsequently rescaled to a standardized 
0–100 ratio scale; the higher the score, the more important the 
FAQ. Furthermore, a FAQ with an RI of 5 is twice as important 
as a FAQ with a RI of 2.5. All RIs sum to 100 for each individual. 
Thus, the RIs represent the relative importance of an FAQ in 
relation to all other FAQs. The HB analysis provides a root like-
lihood (RLH) for random responders. Based on the number of 
items shown per set (5 in the current study) an RLH >0.269 indi-
cates that the responses appear thoughtful and consistent (21). 
The HB analyses were performed for patients and health care 
professionals separately, using the Sawtooth Software platform. 
Analyses were performed only on data of participants who com-
pleted the exercise. The software generated raw scores and RIs 
for each FAQ per individual respondent.

Potential differences in RIs between the patients’ and 
professionals’ top 5 FAQs were analyzed using independent 
t-tests, performed with Stata 13 software. For all analyses, a 

http://www.thuisarts.nl
http://www.thuisarts.nl
http://www.sawtoothsoftware.com/products/maxdiff-software
http://www.sawtoothsoftware.com/products/maxdiff-software
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significance level of P less than or equal to 0.05 was assumed. 
Additionally, FAQs that differed by ≥1.67 in RI between patients 
and health care professionals were addressed. We considered 
a difference of 1.67 to be relevant, because this is the aver-
age score per FAQ when the total points (100) are distributed 
over the 60 FAQs. Differences in RIs in different settings were 
explored descriptively.

Ethics approval. This study protocol (no. 2017-3184) 
was presented to the Medical Research Ethics Committee, 
region Arnhem-Nijmegen, The Netherlands. An exemption was 
obtained, because this type of study does not require ethics 
approval according to Dutch law. All participants of the prioritiz-
ing step provided online informed consent.

RESULTS

Inventory. A total of 28 health care professionals (11 
rheumatologists, 7 orthopedic surgeons, 1 nurse practitioner, 6 
GPs, and 3 physiotherapists) took part, and the Dutch Arthritis 
Foundation provided 192 FAQs. From these FAQs, 104 were 
deleted because they were duplicates, they could be combined 
with another FAQ (n = 10), or they could be answered with 
the information on www.thuisarts.nl (n = 13). Another 5 FAQs 
were deleted because they were unclearly formulated (n = 3) or 
addressed other joints than the hip or knee (n = 2). The remain-
ing 60 FAQs were used in the prioritizing step.

Prioritizing. Participants. A total of 107 patients started 
the online questionnaire, and 99 completed the MaxDiff exer-
cise. One patient had an RLH <0.269 and was excluded. Four 
patients were excluded because they reported that their symp-
toms were caused by something other than OA. Characteristics 
of 94 participants (response rate of 24%) are shown in Table 1. 
Half of the patients had OA symptoms for <5 years. Approxi-
mately half of the patients had already had a joint replacement 

as treatment for their OA.
A total of 140 health care professionals started the online 

questionnaire, of whom 124 finished the MaxDiff exercise. Two 
health care professionals were excluded because they did not fit 
the occupational categories, resulting in data of 122 health care 
professionals (response rate of 18%) usable for this study. The 
median years in practice of participating health care profession-
als was 15.5 years (interquartile range 6–25) (Table 1).

Most important and least important FAQs. Figure 1 shows 
the top 5 most important FAQs ranked by patients and health 
care professionals. The overall prioritizing of all 60 FAQs by pa-
tients and health care professionals is shown in Supplementary 
Table 1,  available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23719/abstract. 
The highest ranked FAQ both for patients and for health care 
professionals was “What can I do myself to decrease symp-

toms and to prevent the OA from getting worse?” Another FAQ 
that was prioritized in the top 5 for both groups but had sig-
nificantly different RIs was “What is the natural course of OA?” 
FAQs that were in the patients’ top 5 but were not ranked 
in the top 5 of the health care professionals were: “What are 
the newest treatment options?”; “Is there any medication that 
can either slow down or stop OA?”; and “What are the latest 
research results concerning OA?” Three FAQs that were in the 
professionals’ top 5 but not in the patients top 5 were: “What 
can or can I not do in terms of exercise and physical activity?”; 
“I’m young and I have OA. What changes should I make to my 
life and what should or shouldn’t I do anymore?”; and “Can 
exercise or being physically active be harmful to my joints?”

Seven FAQs that differ by at least 1.67 in RI score between 
patients and health care professionals are shown in Table 2. Two 
FAQs that were scored considerably higher by patients than by 
health care professionals were “What are the latest research 

Table 1.  Demographic characteristics of patients and health care 
professionals participating in the prioritizing step*

Characteristics Values

Patients (n = 94)
Age, mean ± SD years 67.3 ± 8.1
Women 57 (60.6)
Education level low 45 (47.9)
Affected joint

Hip 41 (43.6)
Knee 46 (48.9)
Hip and knee 7 (7.5)

Time since diagnosis, years
<1 8 (8.5)
1–5 42 (44.7)
5–10 19 (20.2)
>10 25 (26.6)

Setting
Primary care 25 (26.6)
Secondary care 26 (27.7)
Post joint replacement 43 (45.7)

Professionals (n = 122)
Age, mean ± SD years 45.7 ± 10.3
Women 67 (54.9)
Occupation

Physiotherapist 42 (34.4)
General practitioner 49 (40.2)
Orthopedic surgeon 18 (14.8)
Rheumatologist 13 (10.6)

Years in practice, median (IQR), 
years

15.5 (6–25)

* Values are the number (%) unless indicated otherwise. IQR = 
interquartile range. 

http://www.thuisarts.nl
http://onlinelibrary.wiley.com/doi/10.1002/acr.23719/abstract
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results concerning OA?” and “What are the newest treatment 
options?” The other 5 FAQs were scored higher by health care 

professionals than by patients (Figure 1).
Exploring subgroup differences. Exploration of subgroup differ-

ences between primary care, secondary care, and postsurgery pa-
tients did not reveal differences in RIs ≥1.67, indicating the absence 
of large differences in RI of FAQs between patient groups (Table 2).

DISCUSSION

The FAQ “What can I do myself to decrease symptoms 
and to prevent the OA from getting worse?” was prioritized as 

most important by both patients and professionals in the current 
study. Other FAQs that were highly prioritized by patients were 
more directed toward treatment options offered by different health 
care professionals, whereas highly prioritized FAQs of profession-
als were more often focused on treatment options involving self-
management.

The highest ranked FAQ by both patients and health care 
professionals, “What can I do myself to decrease symptoms and 
to prevent the OA from getting worse?” highlights the importance 
of patients’ need for information about OA and to feel confident in 
managing their condition (22,23). This need is in concordance with 
the guideline recommendation that self-management is important 

Figure 1.  A, Relative importance scores (RIs) of patients (solid bars) and health care professionals (shaded bars) of the top 5 most important 
frequently asked questions (FAQs) as prioritized by patients. B, RIs of patients (solid bars) and health care professionals (shaded bars) of the top 
5 most important FAQs as prioritized by health care professionals. OA = osteoarthritis; * = significant differences (P < 0.05).

Table  2.  Frequently asked questions (FAQs) with a relative importance absolute difference of ≥1.67 between patients and health care 
professionals*

FAQ Patients Professionals

Can exercise or being physically active be harmful to my joints? 1.87 3.66
Can being overweight be harmful for my joints? 0.94 2.86
Can I continue doing my job or do I need to make certain adaptations to my working environment 

because of my OA?
0.71 2.71

Why do I have to try all these other treatment options, when surgery is also an option? 1.16 3.17
What are the latest research results concerning OA? 3.74 1.23
What are the newest treatment options? 4.47 2.14
I’m young and I have OA. What changes should I make to my life and what should or shouldn’t I do 

anymore?
0.78 3.88

* OA = osteoarthritis. 



CLAASSEN ET AL 890       |

for patients with hip or knee OA (8). It is also in line with the nature 
of the key messages that French et al (13) reported to be essen-
tial for hip or knee OA patients, because 15 of those 21 state-
ments covered treatment options and management in which the 
patients have an active role. This concordance between patients 
and health care professionals provides a good starting point for 
education and communication about treatment options. However, 
a recent review by Chou et al (24) showed that patients have a 
need for specific guidance. This need can also been seen in our 
results, where the majority of collected FAQs were very specific, 
i.e., “What sports can I still do? At what frequency and intensity?” 
and “What can the orthopedic surgeon or rheumatologist do for 
me?” Concrete recommendations about self-management, for 
instance about the type of exercise or how to navigate the health 
care system, should be handed to patients more directly (25). Pro-
viding this information not only in the consultation room but espe-
cially in an educational program provided by multiple health care 
professionals can be a good option to encourage patients toward 
the principles of self-management (26).

The importance of an active role by the patient is clearly found 
in the health care professionals’ top 5 choices. For instance “What 
can or can I not do in terms of exercise and physical activity?” and 
“Can exercise or being physically active be harmful to my joints?” 
can be seen as questions that illustrate the importance of conserv-
ative treatment options in which the patient plays an active role. 
This concern shows that health care professionals need to put 
effort into explaining the important active role patients can have in 
alleviating their symptoms and controlling their OA. Such an effort 
may be a challenge, because health care professionals themselves 
do not always have confidence in the outcome of conservative 
treatment options and in the willingness and capability of patients 
to play an active role (12,27) . A lack of communication between 
health care professionals may contribute to low confidence in 
conservative treatment options (27). Collaboration among health 
care professionals to answer FAQs may improve insight among 
professionals on each other’s role and perspective on OA treat-
ment. In addition, a joint endeavor of multiple disciplines to answer 
FAQs offers the opportunity to provide consistent knowledge 
about OA, which is important because patients report that they 
receive unclear and inconsistent information (24). The FAQs from 
our study offer a starting point for discussion to achieve consensus 
on the content of information and to improve patient education.

Two FAQs that were scored considerably higher by patients 
than by professionals were “What are the latest research results 
concerning OA?” and “What are the newest treatment options?” 
These findings are in line with previous research showing that 
patients have an interest in recent developments and experi-
mental treatments for their condition (28,29). Active information-
seeking behavior of patients has developed in the past decades, 
and access to information on the internet may contribute to this 
behavior (30). Although information on experimental treatments 
is not applicable to all patients, for health care professionals to 

explicitly address this informational need could be worthwhile. 
Because effective management of OA requires actively involved 
patients, delivery of patient-centered care seems essential in this 
respect (31). After learning about the lack of new treatment options 
or the unknown effects of experimental treatments, patients may 
be more open to information about current conservative treatment 
options like physical activity and weight loss.

We explored differences between patient subgroups in dif-
ferent settings of treatment descriptively, but we did not find any 
large differences. One issue that should be taken into account 
is that patients with replaced joints seem to be overrepresented 
in our study population, because 47% of patients reported 1 or 
more joint replacements. However, participants were asked to 
take the perspective of all patients with OA, and FAQ ranking 
proved similar in those with and without replacements. This out-
come suggests that information is important for every OA patient. 
Because of our small subgroups, this result should be interpreted 
with caution. Brembo et al (3) identified informational needs related 
to the disease continuum of hip OA patients. For instance, a key 
question during the phase when symptoms significantly decrease 
quality of life is: “I can’t stand the pain, is it time for surgery?” How-
ever, the researchers’ aim was specifically focused on identifying 
needs per stages of disease, rather than studying differences. Fur-
ther research into informational needs at different stages of OA is 
therefore recommended.

There are several limitations to our study that should be men-
tioned. First, with a response rate between 18% and 24% there 
might be selection bias. We invited a large sample of patients 
from primary care and health care professionals from different set-
tings, but we have no characteristics of the nonresponders and 
could not compare responders to nonresponders. Responders 
might have higher informational needs, but this possibility does 
not necessarily affect prioritization. Second, we included health 
care professionals from different disciplines, and there might be 
differences between these subgroups in prioritization. Although no 
clear guidelines for a minimal sample size for the MaxDiff method 
are given, in our view our sample size did not allow comparisons 
between subgroups of health care professionals. Health care 
professionals were invited from primary care and from 3 different 
medical centers: 1 university medical center, 1 specialized hospital 
for rheumatology, orthopedic surgery, and rehabilitation medicine, 
and 1 local general hospital. This variety of hospital types assures a 
good representation of The Netherlands. However, because of dif-
ferences in health care systems, generalizability to other countries 
should be taken with caution. Last, because participants had to 
answer 24 subsets in the MaxDiff exercise, they may have given 
less attention at the end of the questionnaire, but using the RLH 
as an indicator should have limited this problem.

A strength of our study is that we included new FAQs based 
on input from a wide range of patients and health care profes-
sionals, from different fields in both primary and secondary care, 
that were not evaluated in previous studies and that are not men-
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tioned in national and international guidelines. By investigating 
informational needs beyond guideline recommendations, we pro-
vided specific practical points for information that can be given to 
patients in daily practice and in future interventions. In addition to 
providing basic information, health care professionals can spend 
time on highly ranked topics at the expense of identified topics 
that are considered less important.

This study provides informational needs of patients with 
hip or knee OA that go beyond guideline recommendations. 
Our results provide starting points for optimizing patient educa-
tion and improving information given in daily clinical practice. A 
next step should be to formulate answers for the most important 
FAQs, with health care professionals from different disciplines, to 
provide patients with consistent information from a common per-
spective. These answers can be used in educational programs 
and materials.
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Antinuclear Antibody–Negative Systemic Lupus 
Erythematosus in an International Inception Cohort
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Caroline Gordon,6 Sang-Cheol Bae,7 Sasha Bernatsky,2 Daniel J. Wallace,8 Joan T. Merrill,9 David A. Isenberg,10 
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Objective. The spectrum of antinuclear antibodies (ANAs) is changing to include both nuclear staining as well 
as cytoplasmic and mitotic cell patterns (CMPs) and accordingly a change is occurring in terminology to anticellular 
antibodies. This study examined the prevalence of indirect immunofluorescence (IIF) anticellular antibody staining 
using the Systemic Lupus International Collaborating Clinics inception cohort.

Methods. Anticellular antibodies were detected by IIF on HEp-2000 substrate using the baseline serum. Three se-
rologic subsets were examined: ANA positive (presence of either nuclear or mixed nuclear/CMP staining), anticellular 
antibody negative (absence of any intracellular staining), and isolated CMP staining. The odds of being anticellular 
antibody negative versus ANA or isolated CMP positive was assessed by multivariable analysis.

Results. A total of 1,137 patients were included; 1,049 (92.3%) were ANA positive, 71 (6.2%) were anticellular 
antibody negative, and 17 (1.5%) had an isolated CMP. The isolated CMP–positive group did not differ from the ANA-
positive or anticellular antibody–negative groups in clinical, demographic, or serologic features. Patients who were 
older (odds ratio [OR] 1.02 [95% confidence interval (95% CI) 1.00, 1.04]), of white race/ethnicity (OR 3.53 [95% CI 
1.77, 7.03]), or receiving high-dose glucocorticoids at or prior to enrollment (OR 2.39 [95% CI 1.39, 4.12]) were more 
likely to be anticellular antibody negative. Patients on immunosuppressants (OR 0.35 [95% CI 0.19, 0.64]) or with 
anti-SSA/Ro 60 (OR 0.41 [95% CI 0.23, 0.74]) or anti–U1 RNP (OR 0.43 [95% CI 0.20, 0.93]) were less likely to be 
anticellular antibody negative.

Conclusion. In newly diagnosed systemic lupus erythematosus, 6.2% of patients were anticellular antibody neg-
ative, and 1.5% had an isolated CMP. The prevalence of anticellular antibody–negative systemic lupus erythemato-
sus will likely decrease as emerging nomenclature guidelines recommend that non-nuclear patterns should also be 
reported as a positive ANA.
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INTRODUCTION

Autoantibodies directed against nuclear autoantigens (anti-
nuclear antibodies [ANAs]) and other intracellular autoantigens are 
a serologic hallmark of systemic lupus erythematosus (SLE) and 
other ANA-associated rheumatic diseases (AARD), such as sys-
temic sclerosis, mixed connective tissue disease, and Sjögren’s 
syndrome (1–3). ANAs are widely regarded as an important clas-

sification criterion of SLE, as officially recognized by both the 
American College of Rheumatology (ACR) (4) and the Systemic 
Lupus International Collaborating Clinics (SLICC) (5). ANA positiv-
ity is traditionally defined as the presence of an indirect immuno-
fluorescence (IIF) staining pattern localized to the nucleus, while 
isolated cytoplasmic and mitotic cell patterns (CMPs), although 
staining positive by IIF, often are not reported or classified as 
ANA-positive and are not included in the ANA test reports by 
some laboratories. The International Consensus on ANA Pat-
terns (ICAP) Committee has debated a suggestion that CMPs 
should be included in ANA result reports and that there should 
be a change in terminology to anticellular antibodies, because 
CMPs are increasingly recognized as clinically relevant (6–8) and 
have implications for the diagnosis and classification of AARDs 
(9). For instance, antiribosomal P proteins are highly specific for 
SLE and are associated with certain clinical and serologic SLE 
features (10,11), but antiribosomal P antibodies may be reported 
as ANA IIF negative, because their prototypical staining pattern 
is localized to the cytoplasm (12). Therefore, ANA IIF exhibits lim-
ited sensitivity for the detection of antiribosomal P antibodies (13). 
After debate, however, the ICAP recognized that current disease 
classification criteria are predicated on a more traditional definition 
of ANA and that jurisdictional precedents (i.e., reimbursement fee 
structures) only allow reporting of classical ANA results, so the 
ICAP concluded that the reclassification of ANA to include CMPs 
should be delayed (9).

Inclusion of these additional CMPs in the ANA test results 
would likely help minimize misclassification of SLE patients, and 
the prevalence of anticellular antibody–negative SLE (i.e., the 
complete absence of any intracellular IIF staining patterns) will 

SIGNIFICANCE & INNOVATIONS
•	 This is the first study to examine the prevalence of 

anticellular antibody negativity defined as the ab-
sence of any intracellular indirect immunofluores-
cence staining in a large systemic lupus erythema-
tosus (SLE) cohort at inception.

•	 In 1,137 patients newly diagnosed with SLE, 6.2% 
(71) were anticellular antibody negative and 1.5% 
(17) had an isolated cytoplasmic and mitotic pat-
tern (CMP). Therefore, among these 88 patients, 
20% (17) would be misclassified as antinuclear 
antibody negative under the traditional definition, 
when in fact they have antibodies directed against 
a variety of CMP targets.

•	 Anticellular antibody negativity was more likely in 
patients who were older, were of white race/eth-
nicity, or were receiving high-dose glucocorticoids, 
and it was less likely in those patients using im-
munosuppressants. Longitudinal data are needed 
to assess how anticellular antibody status is influ-
enced by the disease course and therapy.
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accordingly be decreased (12). The exact prevalence of ANA-
negative SLE using the traditional definition (i.e., the absence of 
IIF staining localized only to the nucleus) has been reported to 
range from 1% to 28% (14–17). A recent systematic review and 
meta-analysis of 64 studies showed that an ANA of 1:80 was 
highly sensitive at 97.8% (95% confidence interval [95% CI] 96.8, 
98.5), but not specific (74.7% [95% CI 66.7, 81.3]) for SLE (18). 
Pisetsky et al (14) compared different commercial ANA assays, 
including the HEp-2000 substrate, in an established SLE cohort 
and demonstrated significant variation in frequencies of ANA 
positivity that ranged from 77.7% to 95.1%. In studies to date, 
there are several factors (laboratory performance, study design, 
and clinical factors) that could influence the ANA results. Labo-
ratory performance factors could include the ANA kit selected, 
the definition of an ANA (i.e., whether it includes isolated CMPs), 
the ANA IIF screening dilution chosen, and technical errors such 
as variable substrate sensitivity and specificity for the detection 
of autoantibodies directed against DNA, SSA/Ro 60, Ro 52/ 
tripartite motif 21 (TRIM21), ribosomal P, and other intracellu-
lar autoantigens. The prevalence of ANA positivity is also likely 
impacted by whether it is measured cross-sectionally or longi-
tudinally along the disease course. ANA status is also potentially 
influenced by the level of disease activity, concurrent treatment 
with glucocorticoids and other immune-modulating drugs, and 
persistent proteinuria leading to renal immunoglobulin loss 
(2,9,15,19,20).

The purpose of this study was to examine the prevalence of 
anticellular antibody negativity (no intracellular IIF pattern) in a large 
international SLE inception cohort and to assess demographic, 
clinical, or other autoantibody characteristics associated with 
these redefined subgroups of patients with SLE.

MATERIALS AND METHODS

Study design and setting. This study was conducted 
using data and patient sera collected by SLICC, a network of 
53 investigators in 43 academic medical centers in 16 countries 
(21–23). Between 1999 and 2011, SLICC investigators enrolled 
patients fulfilling the ACR classification criteria for definite SLE (4) 
within 15 months of diagnosis. The study was approved by the 
institutional review board at each participating site and complied 
with the Helsinki Declaration.

Anticellular antibody by IIF assay. The earliest availa-
ble serum at enrollment from each patient was analyzed at the 
Mitogen Advanced Diagnostic Laboratory (University of Cal-
gary). Aliquots of the anonymized SLE sera obtained from the 
central SLICC biobank were stored at –80o C until required for 
immunoassays. The IIF immunoassay was initially performed at 
a screening dilution of 1:160 (24) using HEp-2000 cell substrate 
(ImmunoConcepts) and fluorescein isothiocyanate conjugated to 
antihuman IgG (H + L) according to the manufacturer’s instruc-

tions. IIF results were read by technologists with >10 years of 
experience at Mitogen Advanced Diagnostics, as previously 
described (25). The HEp-2000 substrate had been transfected 
with the SSA/Ro 60 complementary DNA, which was then over-
expressed in the cells, as an approach to intentionally increase the 
detection of anti-SSA/Ro 60 autoantibodies and thereby increas-
ing the sensitivity of this substrate (25,26). The results obtained at 
a single center (Mitogen) were used for the ANA analysis in this 
study, because the ANA analyses performed at each regional site 
had a wide variation in testing parameters (date of test perfor-
mance, serum screening dilutions, test kits and protocols, micro-
scopes, readers, etc.) and thus were not comparable across sites. 
For the purposes of this study, patients were divided into 3 groups 
depending on their anticellular antibody IIF patterns: ANA positive 
(the presence of nuclear IIF or mixed nuclear and CMP staining), 
anticellular antibody negative (no intracellular staining detected), 
and isolated CMP staining.

Detection of anti–double-stranded DNA (anti-
dsDNA) and other autoantibodies. All samples were also 
tested for the presence of anti-dsDNA antibodies by chemi-
luminescence immunoassay (QUANTA Flash, Inova Diagnos-
tics) as previously described (27) using a cutoff of 70 IU/ml, 
established in accord with the SLICC classification criterion 
for anti-dsDNA positivity, which requires that the cutoff for the 
anti-dsDNA antibody level be above the laboratory reference 
range (or >2-fold the reference range if tested by enzyme-
linked immunosorbent assay) (5).

Antibodies to proliferating cell nuclear antigen, ribosomal 
P, recombinant Ro 52/TRIM21, native SSA/Ro 60, SSB/La, 
Sm, and U1 RNP were detected using the extractable nuclear 
antigen FIDIS Connective Profile, kit 13 addressable laser bead 
immunoassay (TheraDiag) on a Luminex 200 flow luminometer, 
according to the manufacturer’s instructions, and using MLX-
Booster software. Other autoantibodies, such as IgG anticar-
diolipin, IgG anti–β2-glycoprotein 1, and lupus anticoagulant, 
were measured in a central laboratory as previously described 
(28). ANA IIF patterns were classified according to the new ICAP 
standards (http://www.anapatterns.org/index.php) (9).

Clinically defined samples. Demographic and clinical 
data were collected at enrollment and included the age at diag-
nosis, sex, postsecondary education, disease duration, race/
ethnicity, smoking status, alcohol use, hypertension, nephritis 
at enrollment, proteinuria at enrollment (≥3 grams/day), ACR 
classification criteria fulfilled (total and individual), Systemic 
Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) 
global score and organ system scores, and medication use (glu-
cocorticoids, high-dose glucocorticoids [any pulse steroid or 
prednisone ≥40 mg/day], antimalarials, and immunosuppres-
sive agents, including biologics) at or prior to cohort enrollment 
(see Supplementary Table 1,  available on the Arthritis Care & 

http://www.anapatterns.org/index.php
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Table 1.  Baseline demographic, clinical, and autoantibody profiles of antinuclear antibody (ANA)–positive (presence of any nuclear indirect 
immunofluorescence [IIF] pattern), anticellular antibody (ACA)–negative (no IIF pattern), and isolated cytoplasmic/mitotic (CMP) groups*

ANA+ 
(n = 1,049)

ACA– 
(n = 71)

Isolated CMP 
(n = 17)† ANA+ and ACA– ANA+ and CMP ACA– and CMP

Demographics
Age at diagnosis, 

years, mean 
34.7‡ 40.9‡ 35.8 –6.2 (–9.4, –2.9) –1 (–7.5, 5.4) 5.1 (–2.4, 12.7)

Female, % 89.7 90.1 100 –0.4 (–7.6, 6.7) –10.3 (–24.8, 4.2) –9.9 (–24.2, 4.5)
Postsecondary 

education, %
66.7‡ 76.1§ 31.3†* –9.5 (–20.1, 1.2) 35.4 (12.5, 58.3) 44.9 (20, 69.8)

Disease duration, 
years, mean

0.47 0.42 0.35 0.05 (–0.03, 0.14) 0.12 (–0.05, 0.29) 0.07 (–0.12, 0.25)

Race/ethnicity, % 
Asian 23.2‡ 4.2‡ 11.8 19 (13.7, 24.3) 11.5 (–4.1, 27) –7.5 (–23.6, 8.5)
African descendant 16.2‡ 7.0‡ 5.9 9.2 (2.8, 15.5) 10.3 (–1.1, 21.7) 1.2 (–11.5, 13.8)
Hispanic 3.4 2.8 0 0.5 (–3.5, 4.5) 3.4 (–5.2, 11.9) 2.8 (–1, 6.7)
White 52.4†* 84.5‡ 76.5§ –32.1 (–41.1, –23.2) –24.1 (–44.5, –3.7) 8 (–13.8, 29.9)
Other 4.8 1.4 5.9 3.4 (–1.6, 8.4) –1.1 (–12.3, 10.2) –4.5 (–16, 7)

Smoking status, %
Current smoker 15.1 21.9 18.8 –6.8 (–17.1, 3.6) –3.7 (–22.9, 15.6) 3.1 (–18.5, 24.8)
Former smoker 21.1 26.6 25 –5.5 (–16.6, 5.6) –3.9 (–25.3, 17.5) 1.6 (–22.3, 25.4)

High alcohol use, % 1.5 1.5 0 0 (–3, 3) 1.5 (–4.6, 7.5) 1.5 (–4.7, 7.6)
Hypertension, % 32.6‡ 29.6§ 58.8†* 3 (–8, 14) –26.2 (–49.8, –2.7) –29.2 (–54.9, –3.6)
Nephritis at enroll-

ment, % 
28.7 26.6 50 2.1 (–9, 13.3) –21.3 (–46, 3.4) –23.4 (–50.2, 3.3)

Proteinuria at en-
rollment, %

4.5 3.3 12.5 1.2 (–3.4, 5.9) –8 (–24.3, 8.3) –9.2 (–26, 7.6)

No. of ACR criteria, 
mean

4.8 4.7 4.7 0.1 (–0.1, 0.4) 0.1 (–0.4, 0.6) 0 (–0.5, 0.5)

SLEDAI-2K score, 
mean

5.4‡ 4.1‡ 5.4 1.3 (0, 2.6) 0 (–2.7, 2.6) –1.3 (–3.8, 1.1)

Neurological 0.3 0.3 0 –0.1 (–0.5, 0.3) 0.3 (–0.5, 1) 0.3 (–0.5, 1.2)
Mucocutaneous 1.1 1 1.3 0.1 (–0.4, 0.5) –0.1 (–1.1, 0.8) –0.2 (–1, 0.6)
Musculoskeletal 0.8 0.7 1.3 0.1 (–0.3, 0.5) –0.4 (–1.3, 0.4) –0.5 (–1.4, 0.4)
Renal 1.4 0.7 1.8 0.7 (–0.1, 1.5) –0.4 (–2, 1.2) –1.1 (–2.5, 0.4)
Serositis 0.1 0.1 0 0 (–0.1, 0.1) 0.1 (–0.1, 0.3) 0.1 (–0.2, 0.4)
Constitutional 0 0 0 0 (0, 0.1) 0 (–0.1, 0.1) 0 (0, 0.1)
Immunologic 1.6‡ 1.1‡ 1.1 0.5 (0.1, 0.9) 0.5 (–0.4, 1.3) 0 (–0.9, 0.8)
Hematologic 0.1 0 0 0.1 (0, 0.1) 0.1 (–0.1, 0.3) 0 (–0.1, 0.1)

Medications, % ever 
used

Glucocorticoids 80.6 74.6 82.4 6 (–4.4, 16.4) –1.7 (–20, 16.6) –7.7 (–28.5, 13.1)
High-dose glucocor-

ticoids
42.3 46.5 58.8 –4.2 (–16.1, 7.8) –16.5 (–40.1, 7.1) –12.3 (–38.5, 13.8)

Antimalarials 74.3 69 52.9 5.2 (–5.8, 16.3) 21.3 (–2.6, 45.2) 16.1 (–10, 42.1)
Immunosuppres-

sants
43.7‡ 23.9†* 58.8§ 19.7 (9.3, 30.1) –15.2 (–38.7, 8.4) –34.9 (–60.3, –9.5)

Autoantibodies, %
dsDNA 28.4‡ 11.3‡ 17.7 17.2 (9.3, 25) 10.8 (–7.5, 29.1) –6.4 (–25.9, 13.2)
PCNA 7.3 1.4 11.8 5.9 (–0.2, 12) –4.4 (–19.8, 11) –10.4 (–25.9, 5.2)
Ribosomal P 16.1‡ 5.6‡ 11.8 10.5 (4.7, 16.3) 4.3 (–11.1, 19.8) –6.1 (–22.4, 10.1)

(continued)
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Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23712/abstract).

Statistical analysis. Statistical analysis was performed 
using Stata software, version 14.1. A 3-way comparison was 
performed between patients who were ANA positive versus 
anticellular antibody negative versus having an isolated CMP. 
Univariable and multivariable logistic regression analyses were 
used to examine potential predictors of the odds of being 
anticellular antibody negative or ANA positive or having an 
isolated CMP. As a secondary analysis, 3 additional univariable 
and multivariable logistic regressions were performed: anticellular 
antibody negative versus ANA positive, isolated CMP positive 
versus ANA positive, and isolated CMP positive versus anticellular 
antibody negative.

Potential univariable predictors included the demographic, 
clinical, and serologic data listed above. For the most informative 
multivariable model, only statistically significant predictors at the 
95% CI were included, after eliminating all other potential predic-
tors individually, starting with the least likely to be associated with 
the outcome.

RESULTS

Cohort demographic, clinical, and serologic charac-
teristics. The baseline demographic, clinical, and serologic char-
acteristics of the 3 serologic groups (ANA positive, anticellular anti-
body negative, and isolated CMP positive) are shown in Table 1. 
Overall, 1,137 patients had sera available; their mean ± SD age at 

diagnosis was 35.1 ± 13.5 years (median 33 years), 89.9% were 
female, 66.7% (724 of 1,085) had obtained postsecondary edu-
cation, the mean ± SD disease duration was 0.46 ± 0.35 years, 
and 45.2% (511 of 1,130) were not of white race/ethnicity. A total 
of 312 of 1,084 (29%) of the cohort had lupus nephritis at enroll-
ment, the mean ± SD global SLEDAI-2K score was 5.3 ± 5.3, and 
80.3% (913 of 1,137) had a history (either at or prior to enrollment) 
of glucocorticoid use, 73.6% (837 of 1,137) of antimalarial use, 
and 42.7% (485 of 1,137) of immunosuppressant use, including 4 
patients who had received biologics (rituximab only).

Nuclear and CMP anticellular antibody IIF patterns. 
The distribution of patients based on IIF staining patterns and 
specificities is shown in Supplementary Figures 1 and 2, avail-
able on the Arthritis Care & Research web site at http://onlineli-
brary.wiley.com/doi/10.1002/acr. 23712/abstract. Overall, 1,049 
of 1,137 patients (92.3%) were ANA positive, which included 
877 isolated nuclear (77.1%) and 172 mixed nuclear patterns 
and CMPs (15.1%). A total 71 of 1,137 patients (6.2%) were 
anticellular antibody negative (i.e., with no detectable IIF staining), 
and 17 of 1,137 patients (1.5%) had an isolated CMP. Therefore, 
7.7% of patients were either anticellular antibody negative or had 
an isolated CMP. Isolated CMPs and their related ICAP designa-
tions included 41.2% (7 of 17) cytoplasmic dense fine speckled 
(ANA pattern AC-19), 23.5% (4 of 17) cytoplasmic fine speckled 
(AC-20), 5.9% (1 of 17) cytoplasmic discrete dots (AC-18), 5.9% 
(1 of 17) mitotic chromosomal envelope (AC-28), and 23.5% (4 
of 17) mixed CMP (ICAP does not have a pattern designation for 
mixed patterns at this time).

ANA+ 
(n = 1,049)

ACA– 
(n = 71)

Isolated CMP 
(n = 17)† ANA+ and ACA– ANA+ and CMP ACA– and CMP

Ro 52/TRIM21 35.9‡ 21.1‡ 23.5 14.8 (4.9, 24.7) 12.4 (–8, 32.8) –2.4 (–24.7, 19.9)
SSA/Ro 60 47.3‡ 22.5‡ 29.4 24.7 (14.6, 34.9) 17.9 (–4, 39.7) –6.9 (–30.6, 16.9)
SSB/La 15.9‡ 5.6‡ 11.8 10.3 (4.5, 16.1) 4.2 (–11.3, 19.6) –6.1 (–22.4, 10.1)
Sm 24.7‡ 5.7‡ 11.8 19 (12.9, 25) 12.9 (–2.6, 28.5) –6.1 (–22.3, 10.2)
U1 RNP 32.4‡ 11.3‡ 11.8 21.1 (13.3, 29) 20.6 (–1.7, 43) –0.5 (–17.5, 16.5)
Lupus anticoagulant 20.8 20.6 6.7 0.1 (–10.2, 10.5) 14.1 (–6.5, 34.7) 14 (–2.1, 30.1)
Anticardiolipin 12.6 11.1 12.5 1.5 (–6.6, 9.5) 0.1 (–16.3, 16.4) –1.4 (–19.4, 16.6)
Anti–β2-

glycoprotein 1
15 15.9 12.5 0.8 (–10.1, 8.5) 2.5 (–13.8, 18.9) 3.4 (–15.2, 21.9)

* Values are the difference (95% confidence interval) unless indicated otherwise. ACR = American College of Rheumatology; SLEDAI-2K = Sys-
temic Lupus Erythematosus Disease Activity Index 2000; dsDNA = double-stranded DNA; PCNA = proliferating cell nuclear antigen; TRIM21 = 
tripartite motif 21; SSA = Sjögren’s syndrome antigen A; SSB = Sjögren’s syndrome antigen B; RNP = ribonucleoprotein. 
† Some predictors had a small number of missing values. When these occurred, the observations were excluded from the relevant analysis. 
In particular, for the small group of patients with an isolated CMP, the data included 1 missing value for education, smoking status, nephritis, 
proteinuria, no. of ACR criteria, anticardiolipin, and anti–β2-glycoprotein 1, and 2 missing values for high alcohol use and lupus anticoagulant. 
‡ Values with the same footnote symbol are significantly different from each other.  
§ Values with the same footnote symbol are significantly different from each other. 
†* Values are significantly different from ‡ and §, but ‡ and § are not different from each other. 

Table 1.  (Cont’d)

http://onlinelibrary.wiley.com/doi/10.1002/acr.23712/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23712/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr
http://onlinelibrary.wiley.com/doi/10.1002/acr
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Comparison of isolated CMP positive with ANA 
positive and anticellular antibody negative and 
comparison of ANA positive and anticellular antibody 
negative. Patients with isolated CMPs were not clinically or 
serologically different from ANA-positive or anticellular antibody–
negative patients for most variables (Table  1). In contrast, 
ANA-positive patients were markedly different from anticellular 
antibody–negative patients in terms of age at diagnosis (34.7 
versus 40.9 years), race/ethnicity (a higher proportion of Asians 
and African descendants, but fewer patients of white race/
ethnicity), disease activity (SLEDAI-2K score 5.4 versus 4.1), 
use of immunosuppressants at or prior to enrollment (43.7% 
versus 23.9%), and frequency of SLE-related autoantibodies. 
Interestingly, despite a negative anticellular antibody IIF on 
HEp-2000 substrate, some SLE-related autoantibodies were 
still detected, notably anti-dsDNA by chemiluminescence 

immunoassay (11.3%), and anti–Ro 52/TRIM21 (21.1%), anti-
SSA/Ro 60 (22.5%), and anti–U1 RNP by addressable laser 
bead immunoassay (11.3%).

Multivariable analysis of anticellular antibody– 
negative patients versus ANA-positive patients 
combined with isolated CMP–positive patients. Because 
the isolated CMP–positive group did not differ from the ANA-
positive or anticellular antibody–negative groups for most varia-
bles, we chose to combine the isolated CMP–positive with the 
ANA-positive groups for the primary multivariable analysis. In that 
analysis (Table 2), patients who were older (odds ratio [OR] per 
year 1.02 [95% CI 1.00, 1.04]), of white race/ethnicity (OR 3.53 
[95% CI 1.77, 7.03]), or receiving high doses of glucocorticoids 
at or prior to enrollment (OR 2.39 [95% CI 1.39, 4.12]) were more 
likely to be anticellular antibody negative. Patients who were 

Table  2.  Univariable and multivariable analysis of demographic, clinical, and serologic profiles of anticellular antibody–negative versus 
antinuclear antibody–positive combined with isolated cytoplasmic/mitotic patterns*

Univariate  Multivariate

Demographics
Age at diagnosis 1.03 (1.01, 1.05)† 1.02 (1.00, 1.04)†
Female 1.03 (0.46, 2.31) –
Postsecondary 

education
1.63 (0.92, 2.91) –

Disease duration 0.66 (0.32, 1.34) –
Race/ethnicity

Asian 0.15 (0.05, 0.47)† –
African descen-

dant
0.40 (0.16, 1.00)† –

Hispanic 0.85 (0.20, 3.60) –
White 4.88 (2.54, 9.38)† 3.53 (1.77, 7.03)†
Other 0.28 (0.38, 2.07) –

Smoking status
Current smoker 1.57 (0.85, 2.90) –
Former smoker 1.35 (0.76, 2.39) –

High alcohol use 1.04 (0.14, 8.00) –
Hypertension 0.85 (0.50, 1.44) –
Nephritis at enroll-

ment 
0.88 (0.50, 1.56) –

Proteinuria at  
enrollment

0.70 (0.17, 2.95) –

No. of ACR criteria 0.89 (0.69, 1.14) –
SLEDAI-2K score 0.94 (0.89, 1.00)† –

Neurological 1.03 (0.90, 1.18) –
Mucocutaneous 0.98 (0.85, 1.12) –
Musculoskeletal 0.97 (0.84, 1.14) –

Univariate  Multivariate

Renal 0.91 (0.81, 1.01) –
Serositis 1.12 (0.72, 1.75) –
Constitutional 0.37 (0.05, 2.73) –
Immunologic 0.82 (0.69, 0.96)† –
Hematologic 0.41 (0.13, 1.27) –

Medications, ever 
using

Glucocorticoids 0.71 (0.40, 1.23) –
High-dose glucocor-

ticoids
1.17 (0.72, 1.90) 2.39 (1.39, 4.12)†

Antimalarials 0.79 (0.47, 1.32) –
Immunosuppres-

sants/biologics
0.40 (0.23, 0.70)† 0.35 (0.19, 0.64)†

Autoantibodies
dsDNA 0.32 (0.15, 0.68)† –
PCNA 0.18 (0.02, 1.30) –
Ribosomal P 0.31 (0.11, 0.87)† –
Ro52/TRIM21 0.48 (0.27, 0.86)† –
SSA/Ro 60 0.33 (0.19, 0.58)† 0.41 (0.23, 0.74)†
SSB/La 0.32 (0.11, 0.88)† –
Sm 0.19 (0.07, 0.52)† –
U1 RNP 0.27 (0.13, 0.57)† 0.43 (0.20, 0.93)†
Lupus anticoagu-

lant
1.00 (0.54, 1.88) –

Anticardiolipin 0.87 (0.39, 1.95) –
Anti–β2-

glycoprotein 1
1.07 (0.53, 2.15) –

* Values are the odds ratio (95% confidence interval). ACR = American College of Rheumatology; SLEDAI-2K = Systemic Lupus Erythematosus 
Disease Activity Index 2000; dsDNA = double-stranded DNA; PCNA = proliferating cell nuclear antigen; TRIM21 = tripartite motif 21; SSA = 
Sjögren’s syndrome antigen A; SSB = Sjögren’s syndrome antigen B; RNP = ribonucleoprotein. 
† Statistically significant. 
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receiving immunosuppressants at or prior to enrollment (OR 0.35 
[95% CI 0.19, 0.64]) or who had anti-SSA/Ro 60 (OR 0.41 [95% 
CI 0.23, 0.74]) or anti–U1 RNP (OR 0.43 [95% CI 0.20, 0.93]) 
were less likely to be anticellular antibody negative.

Multivariable analysis of anticellular antibody 
negative versus ANA positive, isolated CMP positive 
versus ANA positive, and isolated CMP positive versus 
anticellular antibody negative. In the secondary mul-
tivariable analysis comparing the odds of being anticellular 
antibody negative versus being ANA positive, the predic-
tors were identical to those in the multivariable analysis of 
the anticellular antibody–negative patients versus the ANA-
positive patients combined with the isolated CMP–positive 
patients (see Supplementary Table 2, available on the Arthritis 
Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23712/abstract).

In secondary multivariable analyses comparing the odds of 
being isolated CMP positive versus ANA positive or being iso-
lated CMP positive versus anticellular antibody negative, patients 
who had not attained postsecondary education or who were 
hypertensive were more likely to be isolated CMP positive (see 
Supplementary Tables 3 and 4, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23712/abstract).

DISCUSSION

To our knowledge, this is the first study of ANA IIF in a large 
SLE inception cohort redefining negative ANA as the absence of 
any intracellular IIF staining, which we referred to as anticellular 
antibody negative. Traditionally, ANA negative referred only to 
the absence of any IIF staining localized to the nucleus. This 
definition is an important consideration, especially for AARDs 
such as SLE, where the ANA test has a central role in establishing 
the diagnosis. The need to clarify this issue is exigent, because 
the topic is currently under international review (9), and the state 
of nomenclature uncertainty is the source of variability in ANA 
definitions and related clinical reports by different laboratories. 
Some laboratories do not report CMP staining, whereas others 
provide 2 reports: one that specifies nuclear staining patterns 
and titers and another that indicates whether CMP staining 
is present. In the broader definition of ANA test results, the 
inclusive definition of ANA and CMP together is more accurately 
referred to as anticellular antibody (1,9,29). However, because 
the ANA rubric is embedded in historical and scientific literature, 
the anticellular antibody terminology is held in abeyance until 
wider consensus and clinician education is achieved (3,9,29). 
The results of the current study provide some insight into the 
potential diagnostic and clinical implications for patients with 
SLE as a consequence of changing the definition of ANA to the 
wider anticellular antibody paradigm.

In our analysis of patients enrolled in the SLICC inception 
cohort, we demonstrated that the prevalence of ANA-negative 
SLE by routine IIF on a HEp-2000 substrate at a serum dilution of 
1:160 was 7.7% (88 of 1,137). However, if isolated CMPs (17 of 
1,137 [1.5%]) were subsequently excluded from the ANA-negative 
pool of 88 patients, the prevalence of anticellular antibody–negative 
SLE would decrease to 6.2% (71 of 1,137). Accordingly, among 
these 88 ANA-negative patients, nearly 1 in 5 is misclassified as 
ANA-negative, when they in fact have antibodies directed against 
a variety of CMP targets (8). Therefore, clinicians should be aware 
of which approach their laboratory employs for routine ANA IIF 
testing, because some patients with a high pretest probability of 
an AARD may have a negative ANA test, when in fact the test 
should be regarded as positive if CMP staining is present.

In our study, SLE patients with an isolated CMP could not be 
readily differentiated from ANA-positive and anticellular antibody–
negative patients based on clinical or conventional serologic 
features. These results must be interpreted cautiously, however, 
given the small sample size (n = 17) of patients with an isolated CMP. 
In contrast, there were many differences between the anticellular 
antibody–negative and ANA-positive patients, consistent with 
the current literature indicating that ANA-negative SLE follows a 
more benign clinical course characterized by photosensitive skin 
rashes and arthritis (19,30,31). We demonstrated in the SLICC 
cohort that anticellular antibody–negative patients were older 
(age 40.9 versus 34.7 years) and that a higher proportion were 
of white race/ethnicity (84.5% versus 52.4%). Further, anticellular 
antibody–negative patients compared to ANA-positive patients 
had a lower global SLEDAI-2K score (4.1 versus 5.4), less frequent 
use of immunosuppressants at or prior to enrollment (23.9% 
versus 43.7%), and a decreased likelihood of having multiple SLE-
associated autoantibodies, including anti-dsDNA (11.3% versus 
28.4%). These observations likely relate to earlier onset of more 
aggressive, severe disease in nonwhite patients, who tend to 
be ANA-positive, corroborating previous studies demonstrating 
higher disease activity in nonwhite patients with SLE (32,33).

When the anticellular antibody–negative patients were 
compared to the isolated CMP–positive combined with the ANA-
positive patients, all the above observations regarding anticellular 
antibody–negative versus ANA-positive patients persisted in 
the univariable analysis. However, in the multivariable analysis, 
slight differences were observed. Older age and white race/
ethnicity remained associated with a greater likelihood of being 
anticellular antibody negative, and high-dose glucocorticoids now 
became associated with a greater likelihood of being anticellular 
antibody negative; immunosuppressant medications (at or prior 
to enrollment) and certain autoantibodies remained associated 
with a lower likelihood of being anticellular antibody negative. Our 
finding that high-dose glucocorticoids are associated with a higher 
likelihood of anticellular antibody negativity may be attributable 
to glucocorticoids influencing ANA status (34). However, this 
possibility is merely speculation, because we have no data on 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23712/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23712/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23712/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23712/abstract
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ANA status prior to the baseline assessment. Patients taking other 
types of immunosuppressants (i.e., methotrexate, azathioprine, 
mycophenolate mofetil) were less likely to be anticellular antibody 
negative, perhaps due to a different effect on B cell responses 
(35,36). Further, immunosuppressants are potentially a proxy for 
elements of disease activity that are not measured through the 
other clinical variables included in the regression. Interestingly, in 
univariable analysis, all 4 patients treated with rituximab (data not 
shown) were anticellular antibody negative (OR 11.54 [95% CI 
2.00, 66.74]). As suggested in a review by Cross et al (15), previous 
literature on ANA-negative SLE has been poor at documenting 
concurrent therapies. In that review and commentary, only 5 of 164 
patients (3%) had data on medications during ANA testing. This 
lack of documentation highlights the need to review concurrent 
medications and consider other known confounders, such as 
proteinuria, as we have done.

The ANA status of our cohort was tested on the HEp-2000 
substrate, which has been engineered to intentionally increase 
the detection of anti-SSA/Ro 60, thereby lowering the preva-
lence of ANA-negative SLE (25,26,37,38). Up to two-thirds of 
patients with mild SLE and persistently negative ANA tested on 
rodent liver substrate have been serologically linked to SLE due 
to precipitating autoantibodies to SSA/Ro 60 (31). These find-
ings are particularly relevant to the clinical subset of SLE that has 
subacute cutaneous SLE and/or features of secondary Sjögren’s 
syndrome (39). However, even with the technical improvements, 
such as HEp-2000 substrates, our study and others (20) indicate 
a persistent gap in autoantibody detection by HEp-2 substrates, 
which in the current study included anti-SSA/Ro 60 and even 
anti-dsDNA. For example, 22.5% of the anticellular antibody–
negative SLE patients in our study still had anti-SSA/Ro 60 
antibodies using extractable nuclear antigen testing; 11.3% of 
our anticellular antibody–negative patients had anti-dsDNA by 
chemiluminescence immunoassay. Our observations are con-
sistent with a recent study showing that there is significant lack 
of agreement between positive results using a conventional mul-
tiplex array technology and the IIF on HEp-2 cells (40).

Significant variation in the frequencies of positive ANA in well-
characterized SLE patients has been reported (15,17,18,41); 
some of this variation relates to the performance of different 
HEp-2 assay kits (14). In the current study, we used a serum 
dilution of 1:160 to maximize specificity of the test at the possi-
ble expense of sensitivity (24). When the IIF test was repeated at 
a serum dilution of 1:80 on 67 of 71 of the available anticellular 
antibody–negative samples, we observed that 17 of 67 (25.4%) 
became clearly positive for nuclear and/or CMP staining (detailed 
data not shown). A cross-sectional study showed that only 76% 
of unselected SLE sera had a positive ANA, but a relatively high 
serum dilution of 1:200 was used (16). Taken together, this find-
ing suggests that newer multiplexed autoantigen array technol-
ogies might be considered in the future as a replacement for the 
ANA IIF.

The presence of anti-dsDNA in ANA-negative SLE patients has 
been reported by others (42,43). These patients were reported to 
have more severe complications, including nephritis (44), dystrophic 
calcification (45), or severe autoimmune neutropenia (46). Thus, the 
detection of anti-dsDNA antibodies even in ANA-negative cases is 
still important and may aid in risk assessment for clinical compli-
cations. Furthermore, the anti-dsDNA repertoire is diverse, such 
that there is no current anti-dsDNA assay that is able to detect all 
of the subpopulations of anti-dsDNA autoantibodies (47). Overall, 
the reports of anti-dsDNA–positive/ANA-negative sera found in 
the literature provide evidence that not all anti-dsDNA antibodies 
are detected on conventional HEp-2 substrates and that unique 
dsDNA epitopes may be missed by HEp-2 IIF screening tests.

Biomarkers such as autoantibodies and a variety of immune-
related and inflammation-related molecules can appear years prior 
to clinical symptoms and/or the diagnosis of SLE and can accrue 
over time (40,48). Therefore, longitudinal studies are needed to 
evaluate the serologic status of anticellular antibody–negative 
and isolated CMP–positive patients over time and to evaluate 
whether the status varies with disease activity, damage accrual, 
therapeutic interventions, and/or specific substrate assays.  Even 
among ANA-negative patients with lupus nephritis, the patient can 
take up to 10 years to seroconvert from ANA negative to positive 
(17,40). Some patients may only have detectable positive sero-
logic results when there is uncontrolled disease activity due to loss 
of self-tolerance from chronic autoreactivity of T and B cells (17).

There are some limitations to our study. First, the similarities 
reported between CMP-positive and ANA-positive patients are 
likely confounded by the high proportion of ANA-positive patients 
also expressing a CMP (21.5%). Overall, approximately 17% of 
patients in the entire cohort expressed a CMP (189 of 1,137), 
but the majority (172 of 189 [91.0%]) were seen in conjunction 
with nuclear IIF patterns. As a result, the isolated CMP–positive 
group size (n = 17) was small, limiting the statistical power of 
our analysis. We also did not perform statistical correction for 
multiple comparisons, which is consistent with the exploratory 
and hypothesis-generating aspect of our study. Additionally, we 
evaluated ANA status only at disease inception, but we have 
the capacity with this inception cohort, where data and sera 
are collected longitudinally, to evaluate ANA status and factors 
influencing it over the disease course.
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Area-Level Predictors of Medication Nonadherence Among 
US Medicaid Beneficiaries With Lupus: A Multilevel Study
Candace H. Feldman,1 Karen H. Costenbader,1 Daniel H. Solomon,1 S. V. Subramanian,2 and Ichiro Kawachi2

Objective. Adherence to hydroxychloroquine (HCQ) treatment in patients with systemic lupus erythematous (SLE) 
is suboptimal. Although individual-level factors, including younger age and non-white race/ethnicity, have been im-
plicated, contextual factors have not been explored. The aim of this study was to investigate the effect of contextual 
factors, including racial composition, socioeconomic status, and the concentration of health care resources, on ad-
herence to HCQ among SLE patients enrolled in Medicaid.

Methods. We identified SLE patients from 28 states in the US who enrolled in Medicaid (2000–2010) and in whom 
HCQ treatment was newly initiated (no use for ≥6 months). We required 12 months of continuous enrollment with 
complete drug dispensing data and measured adherence using the proportion of days covered (PDC). We identified 
individual-level variables from Medicaid, zip code–level, county-level and state-level sociodemographic variables 
from the American Community Survey, and health resources from Area Health Resources Files. We used 4-level hi-
erarchical multivariable logistic regression models to examine the odds ratios (ORs) and 95% credible intervals (95% 
CrIs) of adherence (PDC ≥80%) versus nonadherence.

Results. Among 10,268 patients with SLE in whom HCQ treatment was initiated, 15% were adherent to treatment. 
After we adjusted for individual-level characteristics, we observed lower odds of adherence among patients living 
in zip code areas with a higher percentage of black individuals (highest tertile OR 0.81 [95% CrI 0.69–0.96] versus 
lowest tertile). This association persisted after controlling for area-level educational attainment, percent below federal 
poverty level (FPL), urbanicity, and health care resources. We did not observe statistically significant associations with 
zip code–level percent Hispanic, percent white, education, or percent below FPL. The odds of adherence were higher 
in counties with more hospitals (OR 1.30 [95% CrI 1.07–1.58]).

Conclusion. Among Medicaid beneficiaries with SLE, we observed significant effects of racial composition and 
hospital concentration on HCQ adherence. Interventions that acknowledge and address contextual factors should be 
considered in order to reduce high rates of nonadherence in vulnerable populations.

INTRODUCTION

SLE is a multisystem autoimmune disease that disproportion-
ately affects racial/ethnic minorities and individuals living in areas of 
lower socioeconomic status (SES) (1,2). Medication nonadherence 
is common among patients with SLE and is more pronounced 
among racial/ethnic minorities and individuals with lower SES, 
who also are affected by the highest burden of adverse outcomes 
(3–5). A previous study demonstrated an effect of neighborhood 
poverty on accumulation of SLE-specific damage; however, the 
role of medication adherence was not investigated (6). The major-

ity of adherence-related studies focus on the isolated contribution 
of patient-related and disease-related characteristics. Despite the 
increased awareness of the importance of social determinants on 
health behaviors and outcomes, few studies have examined the 
association between these factors and adherence (7–9).

Therefore, the aim of this study was to investigate the 
effect of contextual factors, including racial composition, SES, 
and health care resource concentration, on adherence among 
SLE patients receiving Medicaid, the largest federal/state pub-
lic health insurance program for low-income Americans. We 
focused on adherence to hydroxychloroquine (HCQ) treatment, 
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because it is the standard of care for both active treatment and 
prevention of complications for nearly all patients with SLE (10).

We utilized the social ecological model (SEM), which empha-
sizes the importance of multiple reciprocal levels of influence on 
behavior, to consider potential individual-level and area-level 
contributors to treatment adherence (Figure 1) (11). The theoret-
ical framework proposed by August and Billimek linking disad-
vantaged neighborhoods to an increased likelihood of medica-
tion nonadherence provided potential mechanisms to explain the 
interplay between SEM levels and adherence (12). Those investi-
gators hypothesized that living in a disadvantaged neighborhood 
results in increased exposure to environmental and social stress-
ors and reduces self-regulatory resources to engage in healthy 
behaviors. Individuals often place disproportionate weight on 
current costs and benefits relative to future costs and benefits, 
and in environments with a high level of social stressors, this is 
more pronounced (13,14). Adherence to medications for chronic 
disease for potential future benefit may therefore be outweighed 
by more immediate concerns. Social factors may also contrib-
ute to norms that devalue adherence (15,16). Taken together, 
these aspects may result in unfavorable beliefs about medication 
adherence, leading to nonadherence (12). Based on this theo-
retical framework and the SEM, we hypothesized that residing 
in racially segregated, lower SES areas with fewer health care–

related resources would be associated with increased odds of 
nonadherence to HCQ treatment.

PATIENTS AND METHODS

Patient population. We used Medicaid Analytic eXtract 
(MAX) files from the 29 most populous US states (~86% of all 
Medicaid beneficiaries) from 2000 to 2010 with drug dispensing 
data, billing claims, and health care utilization data. Although Ohio 
was part of our data set, it was excluded from the analyses due 
to incomplete dispensing data (n = 388 patients). We identified 
patients ages 18–65 years with prevalent SLE, defined as ≥2 Inter-
national Classification of Diseases, Ninth Revision (ICD-9) codes 
for SLE (710.0) from hospital discharge diagnoses or physician 
visit claims ≥30 days apart, and HCQ dispensing within 365 days 
of an SLE ICD-9 code. We restricted our cohort to new users of 
HCQ, defined as 183 days of continuous enrollment prior to the 
first dispensing of HCQ (index date) with no use of HCQ dur-
ing this time. Because >90% of Medicaid beneficiaries received 
1-month supplies of HCQ, a 6-month period was determined to 
be sufficient to define initiation. We were unable to validate our 
algorithm due to federal restrictions on the use of identifiable 
Medicaid claims data for research purposes. However, similar 
claims-based algorithms performed well (sensitivity 98.2%, speci-
ficity 72.5%), and adding HCQ use likely increased specificity (17). 
We required ≥365 days of continuous enrollment following the 
index date in order to assess adherence. We excluded patients 
if their dispensing data were missing (n = 333 patients), if they 
were hospitalized for the entire follow-up period (n = 18 patients), 
or if their zip codes were not reported (n = 253 patients) or were 
discordant with their state of residence (n = 46 patients).

Outcome for adherence. Adherence was determined 
using drug dispensing data: the claims processed by Medicaid 
when a prescription is filled at a pharmacy and either picked 
up by or is mailed to a patient, including medication name/
National Coverage Determination (NDC) code, dose, quantity, 
amount prescribed, and number of refills. We defined adher-
ence using the proportion of days covered (PDC) for the 365-
day period beginning at the index date. The PDC was defined 
as the number of days covered by dispensed HCQ prescrip-
tions divided by 365 days, multiplied by 100. We subtracted 
hospitalized days from the numerator and denominator. The 
PDC is a widely used, validated measure to assess adherence 
in claims data, including Medicaid (18,19). We used a PDC 
threshold of ≥80% to define adherence, consistent with the 
literature on adherence to other chronic disease medications 
(20). In sensitivity analyses, we examined adherence thresh-
olds of ≥90% and ≥70%.

Individual-level covariates. We used MAX data to identify 
individual-level covariates in the 183-day period prior to and includ-

SIGNIFICANCE & INNOVATIONS
•	 Despite the increasingly recognized importance of 

social determinants regarding health and health 
behaviors, the influence of contextual factors in-
cluding area-level sociodemographics and health 
care resource concentration on medication adher-
ence has not been well studied.

•	 The current study showed nearly 20% reduced 
odds of adherence to hydroxychloroquine (HCQ) 
treatment among patients with systemic lupus ery-
thematosus living in zip code–level areas with high-
er percentages of black individuals, after adjusting 
for individual demographics and health-related fac-
tors as well as zip code–level poverty. This suggests 
a possible effect of racial residential segregation on 
HCQ adherence. 

•	 Although a higher concentration of hospitals was 
associated with increased odds of adherence, 
other health care resources including numbers of 
physicians and pharmacists per capita were not 
associated with improved adherence, suggesting 
that other factors, such as the quality of health 
care resources in underserved areas, may play a 
stronger role.

•	 The study findings suggest that contextual factors 
play a role in HCQ adherence behavior among SLE 
patients and should be considered in the design of 
interventions that aim to reduce the racial/ethnic 
disparities observed.
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ing the index date. Our choice of variables was informed by prior 
literature regarding adherence and our hypothesis that they may be 
related to both initial HCQ prescribing and adherence. We included 
age, sex, and race/ethnicity. Medicaid uses the terminology “Black 
or African American,” and herein we will use the term “black” to 
represent this group (21). We used the SLE-specific risk adjust-
ment index, which has been shown to be a better predictor of mor-
tality among SLE patients compared with the Charlson comorbidity 
index, as a marker of disease severity (22). We separately assessed 
lupus nephritis, using ≥2 ICD-9 discharge diagnosis codes or phy-
sician billing claims for nephritis, proteinuria, and/or renal failure 
occurring on or after 1 SLE diagnosis code (23) to capture addi-
tional cases of lupus nephritis beyond those included in the adjust-
ment index algorithm, because we hypothesized that this would be 
an important confounder. As proxies for SLE disease activity, the 
numbers of SLE-related laboratory tests were assessed.

We measured health care utilization (emergency department 
visits, inpatient visits, and outpatient visits) as markers of care frag-
mentation and disease activity/severity. We included the number 
of medications to assess for polypharmacy and glucocorticoids 
and other immunosuppressive medications to represent disease 
activity/severity. We included diabetes mellitus (by ICD-9 code or 
related medication prescription) (24) and antidepressant medica-
tion treatment as a marker of depression, given the low positive 
predictive value of depression-related claims (25). To account 
for health status and healthy/unhealthy behaviors potentially 
associated with treatment adherence, we included Current Proce-
dural Terminology (CPT) codes for vaccinations, medication (NDC) 
codes for pneumocystis prophylaxis, obesity (≥1 ICD-9 code), 

and smoking (≥1 ICD-9 code), CPT code for smoking cessation 
counseling or dispensing of related medications (26).

Contextual covariates. From de-identified Medicaid 
data, we obtained data for zip code (the smallest geographic 
area available), county, and state of residence. Using American 
Community Survey (ACS) data (2006–2010), we extracted the 
percent of the population in each zip code with incomes below 
the federal poverty level (FPL), zip code–level educational attain-
ment (high school or less, some college, and college graduate 
and beyond), as well as zip code–level percent black, white, 
and Hispanic (27–29). We examined a composite score of zip 
code–level percent black and percent below FPL, divided into 
tertiles, as well as a variable that included zip codes with the 
lowest tertile of percent black and of percent FPL in group 1  
(n = 760 patients) and with the highest tertile of both in group 3 
(n = 934 patients), with others in group 2 (n = 3,236 patients). 
We used the ACS to determine the state-level Gini coefficient, a 
marker of income inequality (0–1 scale, where 1 represents the 
greatest inequality) (29). We used the mean of US Census data 
from 2000 and 2010 to determine the urbanicity of each county.

To determine county-level concentrations of health care 
services and health professionals, we used the Area Health 
Resources Files from 2000 and 2010 (30,31). We obtained 
the mean numbers of physicians, medicine subspecialists, 
pharmacists, and hospitals from 2000 and 2010 (2009 for 
pharmacists) and divided these by each county’s population 
size, per 1,000 individuals. There were 52 counties (4%) with-
out reported pharmacist data. We also determined the county 

Figure  1.  Social ecological model adapted to demonstrate potential multilevel contributors to adherence behavior among patients with 
systemic lupus erythematosus (SLE). SES = socioeconomic status.
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Health Professional Shortage Area (HPSA) designation (none, 
partial, whole). HPSAs are characterized by shortages of pri-
mary care providers, which may be in a given geographic area, 
for a specific population, or within a type of facility in a given 
area. We obtained data for the number of rheumatologists 
per state from the American College of Rheumatology (2000) 
and divided this number by population size according to the 
US Census (2000), per 10,000 individuals. We examined our 
contextual variables in tertiles (reference, lowest) to facilitate 
interpretability and to be consistent across levels.

Statistical analyses for multilevel models. In order  
to examine associations across contextual variables with 
individual-level adherence and to understand the potential het-
erogeneities underlying these associations, we constructed 
hierarchical 4-level multivariable random intercepts logistic 
regression models with individuals (level 1) nested in zip codes 
(level 2), in counties (level 3), and in states (level 4) (32). All 
analyses used Markov chain Monte Carlo (MCMC) procedures 
using a Metropolis–Hasting algorithm (33). This is a Bayesian 
approach that relies on sequential learning, whereby prior infor-
mation is accounted for in the estimates and the distributional 
assumptions of maximum likelihood methods are not required 
(33,34). For our fixed-effects estimates, we present the MCMC 
estimates of odds ratios (ORs) with 95% credible intervals 
(CrIs). Unlike confidence intervals, CrIs do not have to be nor-
mally distributed and provide the potential range of values fol-
lowing the MCMC simulation of many model runs. For random-
effects parameters, we present level-specific residual variance 
estimates and the percent of variance partitioned at each level.

We examined fixed effects of individual-level and contextual 
variables and accounted for random effects at each geographic 
level. We conducted sensitivity analyses adjusting for fewer 
individual-level covariates. We examined variance partitioning 
at each level in order to understand the level at which most 
between-area variability was occurring and the degree to which 
our fixed effects could account for this. For models examining 
health care resources, we began with the model with the small-
est deviance information criterion (DIC) statistic, which is used to 
compare hierarchical models obtained by MCMC procedures. 
We used SAS version 9.4 software to organize variables and 
MLwiN version 2.36 to conduct multilevel analyses (35). MAX 
data were obtained through a data use agreement from Centers 
for Medicare & Medicaid Services (CMS), and findings are 
reported in accordance with their specifications. In this study, 
we used only de-identified, aggregated data, and the study was 
approved by the Partners Human Research Committee.

RESULTS

Individual-level and area-level characteristics. We 
identified 10,268 Medicaid beneficiaries residing within 4,930 

zip code areas, in 1,414 counties, in 28 states, all of whom had 
prevalent SLE and were initiating treatment with HCQ. On aver-
age, there was a mean ± SD of 2.1 ± 2.8 (range 1–29) individuals 
per zip code, 7.3 ± 28.7 (range 1–739) individuals per county, 
and 366.7 ± 416.9 (range 84–1,960) individuals per state. There 
were, on average, 3.5 ±7.5 (range 1–190) zip codes per county 
and 50.5 ± 24.9 (range 13–120) counties per state. The mean 
± SD age of the patients was 37.7 ± 11.8 years, and 94% of 
the patients were female (Table 1). The mean ± SD PDC was 
42.3 ± 28.7%, and 1,567 individuals (15.3%) were adherent to 
HCQ treatment (PDC ≥80%). Area-level sociodemographic and 

health care resource characteristics are shown in Table 2.

Individual-­level fixed effects. In our 4-level random 
intercepts logistic regression model, we observed lower odds 
of adherence (versus nonadherence) associated with younger 
age (versus older age), with black race and Hispanic ethnicity 
(versus white), with diabetes mellitus, antidepressant medica-
tion use, and with more emergency department visits (Table 3). 
We observed higher odds of adherence associated with Asian 
race, higher SLE risk adjustment index, and more laboratory 

tests and medications.

Area-­level fixed effects. Sociodemographics. After 
accounting for individual-level fixed effects and random effects at 
each level, we observed lower odds of adherence (versus non-
adherence) in zip codes with higher percentages of black individ-
uals. Comparing tertile 2 to tertile 1 (lowest percentage of black 
individuals), the OR was 0.85 (95% CrI 0.74–0.98), and com-
paring tertile 3 to tertile 1, the OR was 0.81 (95% CrI 0.69–0.96) 
(Table 4). We did not find statistically significant associations with 
zip code percent white or Hispanic or with percent below FPL or 
educational attainment. When we adjusted our model by percent 
below FPL and education, the effect of percent black remained 
significant (OR 0.80 [95% CrI 0.67–0.96] for tertile 3 versus tertile 
1, and OR 0.86 [95% CrI 0.74–0.99] for tertile 2 versus tertile 
1). We did not find statistically significant associations between 
our combined percent black/percent below FPL measures and 

adherence or with the Gini coefficient.
We examined cross-level interactions between individual 

race (categorized as black, white, Hispanic, and other) and zip 
code percent black and with zip code percent below FPL to 
determine whether the relationship between race and adherence 
differs by the racial composition or poverty status of the area 
in which a person lives. The interaction term was significant for 
black race*percent black tertile 3 (reference, white and tertile 
1). The OR for adherence versus nonadherence for individuals 
of black versus white race living in higher versus lower percent 
black areas (tertile 3 versus tertile 1) was 0.49 (compared to OR 
0.56 in the model without the interaction term). The interaction 
terms were not significant when black race was used as the ref-
erence or for race*percent below FPL.
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Health care resources. We built our subsequent models 
including individual-level factors (Table 3) as well as zip code–
level percent black both because we aimed to test whether 
health care resource concentration and urbanicity accounted 
for the effect of zip code percent black on adherence, and 
because it had a lower DIC compared to the individual 
variable–only model. We observed higher odds of adherence 
versus nonadherence comparing the county-level highest 
number of hospitals per capita compared to the lowest (OR 
1.30 [95% CrI 1.07–1.58]) (Table 5). We found a trend toward 
lower odds of adherence versus nonadherence associated 
with residing in a whole health care professional shortage area 
(OR 0.88 [95% CrI 0.77–1.01]). We did not find statistically 
significant associations with number of physicians, medicine 
subspecialists, pharmacists per capita, or rheumatologists. 
We also explored urbanicity and found a borderline significant 
relationship with higher percent urban and reduced odds of 
adherence (OR 0.82 [95% CrI 0.66–1.02], tertile 3 versus 
tertile 1). The magnitude of the effect of zip code percent black 
and adherence remained consistent and either significant or 

nearly significant in all models (Table 5).

Random effects. We observed modest between-state–
level, county-level, and zip code–level variation in adherence. 
Most variance detected was attributable to between-state 
variation (1.4% in our null model), with <1% attributable to 
between-county or between–zip code variation. We observed 
minor differences in random effects in our adjusted models 
(between-state variance 1–1.5%, between-county variance 
0.1–0.3%, and between–zip code variances 0.03–0.2%) 
(see Supplementary Table 1, available on the Arthritis 
Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23721/abstract).

Sensitivity analyses. We examined the relationship 
between zip code percent black and adherence at 2 different 
adherence thresholds. For PDC ≥70%, 22.2% of patients in 
our cohort were now categorized as adherent. At this thresh-
old, we found similar associations as those observed in our pri-
mary analyses for tertile 2 versus tertile 1 (OR 0.83 [95% CrI 
0.72–0.94]) and for tertile 3 versus tertile 1 (OR 0.81 [95% CrI 
0.69–0.94]) as well as for all individual-level variables. For PDC 
≥90%, 7.7% of patients in our cohort were considered adher-
ent, and while the magnitude and direction of associations 
were similar, the 95% CrIs were wider (for tertile 2 versus ter-
tile 1, OR 0.83 [95% CrI 0.69–1.01]; for tertile 3 versus tertile 
1, OR 0.89 [95% CrI 0.71–1.11]). In addition, we examined 
more parsimonious models that included only sex, age, race/ 
ethnicity, SLE risk adjustment index, number of medications, and 
calendar year at the individual level and found estimates similar 
in magnitude and significance for fixed and random effects at all 
levels (see Supplementary Tables 2a and b and Table 3, available 

Table 1.  Individual-level baseline characteristics of 10,268 lupus 
patients enrolled in US Medicaid 2000–2010 in whom HCQ was 
newly initiated*

Age, mean ± SD years 37.7 ± 11.8
Age group, years

18–34 4,542 (44.2)
35–50 3,902 (38.0)
51–65 1,824 (17.8)

Sex
Female 9,669 (94.2)
Male 599 (5.8)

Race/ethnicity
Black 4,289 (41.8)
White 3,194 (31.1)
Hispanic 2,036 (19.8)
Asian 397 (3.9)
American Indian/Alaska Native 121 (1.2)
Other 231 (2.3)

SLE risk adjustment index, mean ± SD 1.0 ± 1.9
Lupus nephritis 1,049 (10.2)
Diabetes mellitus 964 (9.4)
Smoking 616 (6.0)
Obesity 240 (2.3)
Antidepressant use 2,976 (29)
Preventive care 

Influenza vaccine 178 (1.7)
Pneumococcal vaccine 58 (0.6)
Pneumocystis pneumonia prophylaxis 903 (8.8)

Immunosuppressive medication use† 1,127 (11)
Number of laboratory tests, 

mean ± SD‡
1.6 ± 2.8

Ever use of glucocorticoids 6,112 (59.5)
Mean no. medications, mean ± SD 4.2 ± 3.4
Health care utilization, median (25th, 

75th percentiles)
Emergency department visits 0 (0, 1)
Hospitalizations 0 (0, 1)
Outpatient visits 2 (0, 6)
No. of hospitalized days, mean ± SD 

(median [25th, 75th percentiles])
3.9 ± 10.6 (0 [0, 4])

* Baseline characteristics were determined from the 183 days 
prior to and including the first dispensing of hydroxychloroquine 
(index date). Data for the following 28 US states were included: 
Alabama, Arkansas, California, Colorado, Florida, Georgia, 
Illinois, Indiana, Kentucky, Louisiana, Maryland, Massachusetts, 
Michigan, Minnesota, Mississippi, Missouri, Montana, New Jersey, 
New Mexico, New York, North Carolina, Oklahoma, Oregon, 
Pennsylvania, South Carolina, Texas, Washington, and Wisconsin. 
Except where indicated otherwise, values are the number (%). SLE 
= systemic lupus erythematosus. 
† Includes azathioprine, cyclophosphamide, leflunomide, metho-
trexate, mycophenolate mofetil, sulfasalazine, and tacrolimus. 
‡ Includes blood urea nitrogen, creatinine, urinalysis, complement 
(C3, C4), erythrocyte sedimentation rate, C-reactive protein, and 
anti–double-stranded DNA. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23721/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23721/abstract
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Table  2.  Zip code–level, county-level, and state-level demographic and health services characteristics of lupus patients enrolled in US 
Medicaid 2000–2010 in whom HCQ was newly initiated*

Area-level characteristics
Zip code–level 

(n = 4,930)
County-level 
(n = 1,414)

State-level 
(n = 28)

Percent with income below the FPL, mean ± SD† 14 ± 9 – –
Tertile 1 5.4 ± 2.2 (0–8.9) – –
Tertile 2 12.4 ± 2.1 (8.9–16.3) – –
Tertile 3 34.5 ± 7.3 (16.3–70.7) – –

Percent black, mean ± SD† 18 ± 23 – –
Tertile 1 1.1 ± 1.0 (0–3.2) – –
Tertile 2 8.9 ± 4.2 (3.2–17.8) – –
Tertile 3 45.1 ± 22.1 (17.8–100) – –

Percent white, mean ± SD 67 ± 25 – –
Tertile 1 37.1 ± 16 (0–58.4) – –
Tertile 2 71.4 ± 6.9 (58.4–82.5) – –
Tertile 3 91.5 ± 4.9 (82.5–100) – –

Percent Hispanic, mean ± SD 18 ± 22 – –
Tertile 1 2 ± 1 (0–3.9) – –
Tertile 2 8.3 ± 3.3 (3.9–15.9) – –
Tertile 3 42.8 ± 22.6 (15.9–99.1) – –

Educational attainment, no. (%)†  – –
High school or less 3,904 (79.2) – –
Some college 288 (5.8) – –
College graduate and beyond 738 (15) – –

Total number of total MDs, mean ± SD‡ – 1.53 ± 1.75 –
Tertile 1 – 0.43 ± 0.18 (0–0.72) –
Tertile 2 – 1.09 ± 0.25 (0.72–1.56) –
Tertile 3 – 3.06 ± 2.3 (1.56–25.3) –

Total number of hospitals, mean ± SD‡ – 0.03 ± 0.03
Tertile 1 – 0.01 ± 0.01 (0–0.02) –
Tertile 2 – 0.03 ± 0.01 (0.02–0.04) –
Tertile 3 – 0.07 ± 0.04 (0.04–0.59) –

Total no. of medical subspecialists, mean ± SD‡ – 0.46 ± 0.64 –
Tertile 1 – 0.08 ± 0.05 (0–0.16) –
Tertile 2 – 0.30 ± 0.09 (0.16–0.47) –
Tertile 3 – 1 ± 0.87 (0.47–0.5) –

Total no. of pharmacists, mean ± SD‡ – 0.54 ± 0.33 –
Tertile 1 – 0.23 ± 0.07 (0–0.34) –
Tertile 2 – 0.45 ± 0.07 (0.34–0.60) –
Tertile 3 – 0.90 ± 0.30 (0.60–2.73) –

Health professional shortage area, no. (%)§
None – 236 (16.7) –
Partial – 615 (43.5) –
Whole – 563 (39.8) –

Percent urban, mean ± SD¶ – 51.2 ± 29.8 –
Tertile 1 – 17.0 ± 12.8 (0–36.8) –
Tertile 2 – 51.5 ± 8.6 (36.8–67.3) –
Tertile 3 – 85.2 ± 10.2 (67.3–100) –

(continued)
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on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23721/abstract).

DISCUSSION

In this vulnerable population of patients with SLE among 
whom only 15% were adherent to HCQ treatment over the 
first year of use, we observed significant relationships between 
individual and contextual factors and adherence. Although it is 
challenging to compare across studies given differences in pop-
ulations (e.g., academic-based cohorts versus public insurance 
beneficiaries) and in adherence measures (e.g., self-reported 
surveys versus claims-based prescription refill data), our findings 
were similar to estimates of adherence to other SLE-related med-
ications in the Medicaid population (36). In line with prior studies, 
younger age, black race, Hispanic ethnicity, and antidepres-
sant use were associated with poorer adherence (5,24,37–39). 
Nonadherence, particularly among black patients with lupus, is 
associated with poorer outcomes overall (3,5,37,38). Because 
HCQ is the backbone of SLE care and has been associated 
with fewer disease flares and improved outcomes, it is plausible 
that differences in adherence by race/ethnicity may contribute to 
disparities in outcomes (3,40–42).

Few studies have explored the contribution of contextual 
factors to these disparities (6). We found a significant dose-
response relationship between zip code–level percent 
black and poorer adherence to HCQ, which remained after 
adjusting for individual race, and for aggregate area-level 
poverty and educational attainment. We did not, however, 
observe associations with zip code–level percent white or 
percent Hispanic. While zip code is an imperfect proxy for 

neighborhood (43), these observations suggest a potential 
effect of racial residential segregation on HCQ nonadherence. 
Our lack of addresses did not allow us to geocode our 
data to examine the differential distribution by race across 
smaller residential units (e.g., census blocks) within larger 
geographic areas or to look at spatial relationships (44). 
We hypothesize that in these areas, there may be reduced 
access to high-quality hospitals, outpatient providers, and 
pharmacy services and to transportation (44,45). There 
may be increased stress and depression because of 
racial discrimination and crime, which may contribute to 
nonadherence (45,46). There may also be reverse causation, 
because individuals who are less likely to engage in healthy 
behaviors may also be less equipped to move out of 
racially segregated areas. This may be related to the known 
differences in the opportunities afforded to individuals who 
live in segregated neighborhoods (45).

It is also possible that social and cultural norms within 
neighborhoods influence adherence behavior. Racial bias 
experienced in health care is one plausible mechanism (45). 
Prior studies suggest differences between black and white 
patients in their willingness to accept certain SLE-related 
medications, in beliefs about medication effectiveness, and in 
health provider trust (47). In one study, >50% of black patients 
with SLE experienced racial discrimination in health care, and 
this was linked to increased depression (46). Similar patterns 
have been described among black patients with hypertension, 
and racial discrimination has been shown to be associated 
with medication nonadherence (48). Living near individuals 
with negative health care experiences because of racism may 
contribute to nonadherence norms.

Area-level characteristics
Zip code–level 

(n = 4,930)
County-level 
(n = 1,414)

State-level 
(n = 28)

No. of rheumatologists, mean ± SD# – – 0.13 ± 0.04
Tertile 1 – – 0.09 ± 0.01 (0.07–0.11)
Tertile 2 – – 0.12 ± 0.01 (0.11–0.14)
Tertile 3 – – 0.17 ± 0.04 (0.14–0.26)

Gini coefficient, mean ± SD† – – 0.46 ± 0.02
Tertile 1 – – 0.44 ± 0.01 

(0.43–0.45)
Tertile 2 – – 0.46 ± 0.003 

(0.45–0.47)
Tertile 3 – – 0.47 ± 0.01 (0.47–0.50)

* Values for tertiles are the mean ± SD (range). HCQ = hydroxychloroquine; FPL = federal poverty level. 
† Derived from the American Community Survey (2000–2006). 
‡ Per capita, per 1,000 individuals in the county, mean from the Area Health Resources Files 2000 and 2010. MD data were from the American 
Medical Association hospital data from the Health Resources and Services Administration (HRSA). For pharmacists (n = 1,362), 52 counties 
(4%) do not report pharmacist data. 
§ Defined and reported by the HRSA, 2010. 
¶ From the Area Health Resources files, mean estimates from 2000 and 2010 data. 
# From the American College of Rheumatology (2000), per 10,000 state population in 2000 (US Census). 

Table 2.  (Cont’d)

http://onlinelibrary.wiley.com/doi/10.1002/acr.23721/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23721/abstract
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We did not observe effects from concentrated zip code–
level poverty or from income inequality. There was a moderate 
correlation between zip code percent below FPL and percent 
black (r2 = 0.46, P < 0.0001). While our composite measures of 
individual race and area poverty were in the expected direction, 
the estimates were not statistically significant. The effect of zip 
code percent black on adherence persisted after adjusting for 
percent below FPL, suggesting that other mechanisms beyond 
socioeconomic deprivation contribute. We hypothesize that 
we may not see an independent area-level effect of poverty 
because of the dominant individual-level effect in this low-
income population.

We also observed that adjusting for health care resource 
concentration did not significantly attenuate the relationship 

between zip code percent black and adherence. However, we 
could not assess the quality of services provided. Although we 
did find an association with greater numbers of hospitals and 
increased odds of adherence, we did not find a parallel asso-

Table 4.  Odds of HCQ adherence versus nonadherence according 
to contextual sociodemographic factors*

Area-level sociodemographic 
factors OR (95% CrI)

Zip code–level percent black  
(ref. lowest tertile)

Tertile 2 0.85 (0.74–0.98)†
Tertile 3 0.81 (0.69–0.96)†

Zip code–level percent white  
(ref. lowest tertile)

Tertile 2 0.93 (0.81–1.08)
Tertile 3 1.13 (0.94–1.34)

Zip code–level percent Hispanic 
(ref. lowest tertile)

Tertile 2 0.92 (0.77–1.07)
Tertile 3 0.90 (0.74–1.06)

Zip code–level percent below FPL 
(ref. lowest tertile)

Tertile 2 0.98 (0.83–1.16)
Tertile 3 1.02 (0.88–1.19)

Zip code–level educational 
attainment (ref. high school or 
less)

Some college 1.10 (0.83–1.46)
College graduate 1.00 (0.83–1.19)

Zip code–level composite percent 
black/percent below FPL  
(ref. lowest tertile)‡

Tertile 2 0.97 (0.83–1.14)
Tertile 3 0.91 (0.76–1.08)

Zip code–level overlapping 
percent black/percent below 
FPL (ref. group 1)§

Group 2 0.88 (0.73–1.04)
Group 3 0.87 (0.70–1.07)

State-level Gini coefficient  
(ref. least income inequality)

Tertile 2 1.09 (0.84–1.40)
Tertile 3 1.12 (0.86–1.42)

* Adherence is defined as proportion of days covered (PDC) ≥80%. 
Nonadherence is defined as PDC <80%. Each variable was exam-
ined in a separate model adjusted for individual-level factors (see 
Table 2), calendar year at index date, and random effects at each 
level. HCQ = hydroxychloroquine; OR = odds ratio; 95% CrI = 95% 
credible interval; FPL = federal poverty level. 
† 95% Crls do not cross 1 and Bayesian P value <0.05. 
‡ Composite score of percent black and percent below the FPL di-
vided into tertiles. 
§ Group 1 = zip codes with the lowest tertiles of percent black and 
percent below FPL. Group 3 = zip codes with the highest tertiles of 
percent black and percent below FPL. 

Table 3.  Odds of HCQ adherence versus nonadherence among 
lupus patients enrolled in US Medicaid 2000–2010 in whom HCQ 
was newly initiated*

Individual-level fixed effects OR (95% CrI) 

Male sex (ref. female sex) 1.21 (0.97–1.50)
Age, years (ref. 51–65 years)

18–34 0.60 (0.51–0.71)†
35–50 0.71 (0.61–0.82)†

Race/ethnicity (ref. white)
Black 0.61 (0.54–0.71)†
Hispanic 0.71 (0.60–0.83)†
Asian 1.49 (1.15–1.92)†
American Indian/Alaska native 0.78 (0.45–1.92)
Other 0.85 (0.59–1.22)

SLE risk adjustment index 1.04 (1.01–1.07)
Lupus nephritis 1.13 (0.92–1.38)
Diabetes mellitus 0.82 (0.68–1.00)†
Antidepressant use 0.86 (0.76–0.98)†
Glucocorticoid use 1.04 (0.92–1.16)
No. of laboratory tests 1.03 (1.00–1.05)†
No. of medications 1.10 (1.08–1.12)†
Immunosuppressive use 0.91 (0.77–1.07)
Health care utilization

No. of emergency depart-
ment visits

0.96 (0.93–1.00)†

No. of outpatient visits 1.00 (0.99–1.01)
No. of hospitalizations 0.95 (0.90–1.00)‡

* Adherence is defined as proportion of days covered (PDC) ≥80%. 
Nonadherence is defined as PDC <80%. The 4-level random in-
tercepts multivariable regression model additionally adjusted for 
calendar year of index date and healthy adherer effect variables 
(obesity, smoking, and preventive care [influenza or pneumonia 
vaccines, pneumocystis pneumonia prophylaxis]) as well as ran-
dom effects at each level. HCQ = hydroxychloroquine; OR = odds 
ratio; 95% CrI = 95% credible interval; SLE = systemic lupus erythe-
matosus. 
† 95% CrIs do not cross 1 and Bayesian P value <0.05. 
‡ Bayesian P value <0.05 with 95% CrI that just crosses 1. 
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ciation with more health care providers. Hospital-based clinics 
provide care to medically complex patients, whereas private 
practice physicians may not accept Medicaid or sicker patients. 
Adherence may be more related to the quality of care received 
and patient–provider interactions than to the concentration of 
services available. Alternatively, there might be more physicians 
who practice in areas with high concentrations of medically 
complex patients, and therefore adherence may be poorer over-
all in these areas to begin with.

Notably, we found only small between-area variation in 
adherence despite our expectation that this would be greater 
due to variation in Medicaid eligibility criteria by state. However, 
variations in poverty-level eligibility among overall poor individ-

uals may not be that significant. It is also possible that we did 
not see significant differences because HCQ co-payments and 
quantity limit between the states were similar. It is possible that at 
the zip code and county levels, the lack of between-area variation 
observed was a result of a significant proportion of areas with few 
SLE patients and the high prevalence of overall nonadherence in 
this population.

This study had a number of strengths. We used multilevel 
models to examine the relationship across contextual character-
istics with adherence while accounting for individual-level factors 
as well as for potential clustering and heterogeneity by geographic 
area. To our knowledge, this is the first study to examine the role 
of contextual factors on adherence in a high-risk SLE population. 

Table  5.  Odds of HCQ adherence versus nonadherence according to contextual 
health resources and urbanicity, accounting for zip code percent black*

Area-level health resources OR (95% CrI)
OR (95% CrI) 
for % black 

Total MDs per capita  
(ref. lowest tertile)

Tertile 2 0.88 (0.70–1.08) 0.86 (0.73–1.01)†
Tertile 3 0.86 (0.71–1.06) 0.82 (0.70–0.98)

Total subspecialists per capita 
(ref. lowest tertile)

Tertile 2 0.92 (0.71–1.16) 0.87 (0.75–1.01)†
Tertile 3 0.84 (0.67–1.04) 0.84 (0.71–1.01)†

No. of hospitals per capita  
(ref. lowest tertile)

Tertile 2 1.13 (0.97–1.31) 0.87 (0.76–1.00)†
Tertile 3 1.30 (1.07–1.58)† 0.83 (0.70–0.97)†

Health professional shortage 
area (primary care) (ref. none)

Partial 1.10 (0.86–1.43) 0.86 (0.74–1.00)†
Whole 0.88 (0.77–1.01)‡ 0.83 (0.70–0.99)†

No. of pharmacists per capita 
(ref. lowest tertile)

Tertile 2 0.91 (0.75–1.09) 0.85 (0.74–0.99)† 
Tertile 3 0.89 (0.75–1.05) 0.81 (0.68–0.95)†

No. of rheumatologists per 
capita (ref. lowest tertile)

Tertile 2 1.22 (0.95–1.55) 0.85 (0.73–0.99)†
Tertile 3 1.16 (0.89–1.47) 0.82 (0.69–0.96)† 

Percent urban (ref. lowest 
tertile)

Tertile 2 0.92 (0.74–1.17) 0.87 (0.75–1.01)‡ 
Tertile 3 0.82 (0.66–1.02)‡ 0.83 (0.70–1.00)† 

* Adherence is defined as proportion of days covered (PDC) ≥80%. Nonadherence is 
defined as PDC <80%. Each variable was examined in a separate model adjusted for 
individual-level factors (see Table 2), calendar year at index date, zip code–level per-
cent black, and random effects at each level. All variables are at the county level except 
for number of rheumatologists, which is at the state level. HCQ = hydroxychloroquine; 
OR = odds ratio; 95% CrI = 95% credible interval. 
† Bayesian P value <0.05 with 95% CrI that just crosses 1. 
‡ 95% CrIs do not cross 1 and Bayesian P value <0.05. 
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Researchers have highlighted that among patients with SLE, we 
need a better understanding of the contribution of social determi-
nants to disparities in health outcomes; however, few studies have 
examined this (49). We propose that our findings are hypothesis-
generating and provide impetus to explore the mechanisms 
behind the associations uncovered.

Our study also has limitations. We excluded individuals 
older than age 65 years because of possible dual eligibility in 
Medicare. We did not exclude younger dual-eligible individuals 
because we did not have complete data available. Although 
we likely captured most prescription claims for this population, 
adherence may be underestimated for those who changed their 
drug coverage after the index date. Although low income is 
part of the criteria for Medicaid eligibility, we did not have other 
individual-level measures of SES (e.g., occupation and educa-
tion). In addition, we lacked more granular geographic area data 
and therefore were unable to assess direct neighborhood effects 
or geocode our data. Our use of claims data did not enable us 
to directly measure SLE disease activity; however, SLE-related 
laboratory tests and the SLE risk adjustment index were used to 
approximate this.

Our study may also have excluded patients with more 
severe SLE and lupus nephritis, because we required new use 
of HCQ but not a new diagnosis of SLE. Although this is not 
a cohort of patients with incident SLE, we suspect that many 
of the patients included are in the early stages of their disease 
course, which is reflected by the low mean SLE risk adjustment 
index and the low prevalence of lupus nephritis and immuno-
suppressive medication use despite the vulnerable nature of this 
population. Due to the nature of claims, there may also be mis-
classification of patients with SLE and of comorbidities. Certain 
variables such as obesity, vaccinations, and smoking are also 
underestimated due to underreporting. It is also possible that 
antidepressant use may capture both SLE patients with chronic 
pain and those with depression, because some antidepressants 
are used to treat both, although these are often comorbid con-
ditions. We measured adherence using the PDC, which reflects 
drug dispensing and refills; however, filling a medication pre-
scription may not always translate to taking the medication in 
the manner in which it was prescribed. In addition, the PDC is 
an aggregate measure over the course of a year and may not 
capture the dynamic nature of adherence behavior.

In this study of Medicaid beneficiaries with SLE, adherence 
to HCQ treatment was poor. In addition to reaffirming the role 
of certain individual-level sociodemographic and disease-related 
factors on adherence, we propose that contextual influences 
contribute as well. Our findings should pave the way for further 
work examining the importance of social determinants, including 
racial residential segregation and racial discrimination as well as 
neighborhood-specific health care quality, on health behaviors 
and outcomes in vulnerable populations.
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Impact and Timing of Smoking Cessation on Reducing Risk 
of Rheumatoid Arthritis Among Women in the Nurses’ 
Health Studies
Xinyi Liu,1 Sara K. Tedeschi,2 Medha Barbhaiya,3 Cianna L. Leatherwood,2 Cameron B. Speyer,1 Bing Lu,2  
Karen H. Costenbader,2 Elizabeth W. Karlson,2 and Jeffrey A. Sparks2

Objective. To investigate the impact and timing of smoking cessation on developing rheumatoid arthritis (RA) and 
serologic phenotypes.

Methods. We investigated smoking cessation and RA risk in the Nurses’ Health Study (NHS) (1976–2014) and the 
NHS II (1989–2015). Smoking exposures and covariates were obtained by biennial questionnaires. Self-reported RA was 
confirmed by medical record review for American College of Rheumatology/European League Against Rheumatism cri-
teria. Cox regression was used to estimate hazard ratios (HRs) and 95% confidence intervals (95% CIs) for RA serologic 
phenotypes (all, seropositive, seronegative) according to smoking status, intensity, pack-years, and years since cessation.

Results. Among 230,732 women, we identified 1,528 incident cases of RA (63.4% of which were seropositive) 
during 6,037,151 person-years of follow-up. Compared with never smoking, current smoking increased the risk of all 
RA (multivariable HR 1.47, 95% CI 1.27–1.72) and seropositive RA (HR 1.67, 95% CI 1.38–2.01) but not seronegative 
RA (HR 1.20, 95% CI 0.93–1.55). An increasing number of smoking pack-years was associated with an increased 
trend for the risk of all RA (P < 0.0001) and seropositive RA (P < 0.0001). With increasing duration of smoking cessa-
tion, a decreased trend for the risk of all RA was observed (P = 0.009) and seropositive RA (P = 0.002). Compared to 
recent quitters (<5 years), those who quit ≥30 years ago had an HR of 0.63 (95% CI 0.44–0.90) for seropositive RA. 
However, a modestly increased risk of RA was still detectable 30 years after quitting smoking (for all RA, HR 1.25 
[95% CI 1.02–1.53]; for seropositive RA, HR 1.30 [95% CI 1.01–1.68]; reference, never smoking).

Conclusion. These results confirm that smoking is a strong risk factor for developing seropositive RA and demonstrate 
for the first time that a behavior change of sustained smoking cessation could delay or even prevent seropositive RA.

INTRODUCTION

Although the etiology of rheumatoid arthritis (RA) remains 
obscure, previous studies have implicated smoking as an impor-
tant and potentially modifiable risk factor for the development of 
RA (1–6). Previous epidemiologic studies have identified cigarette 
smoking as one of the most important lifestyle risk factors for the 
development of RA and particularly seropositive RA, which is 
defined as the presence of rheumatoid factor (RF) or anti–cyclic 
citrullinated peptide (anti-CCP) (5,7). Smoking may affect the risk 

of seropositive RA by inducing local tissue inflammation, promoting 
citrullination, and forming neoepitopes, resulting in autoimmunity 
(8). Smoking also induces immune cells to secrete proinflamma-
tory cytokines, resulting in a systemic inflammatory state (8–10). 
Even though smoking cessation may decrease the level of sys-
temic inflammation, other components of the immune system may 
be permanently altered after autoimmunity is established once a 
threshold of smoking is reached (11). Although there is strong evi-
dence that ever-smokers (current or past) have a higher risk of 
seropositive RA compared to never-smokers, it is unclear whether 
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smoking cessation actually reduces the risk for past-smokers, 
perhaps to the level of a never-smoker, after long-term cessation.

Previous studies have investigated the association between 
smoking status, intensity, duration, and pack-years and the risk of 
RA (2,3,5,7,12–14). However, only a few studies have investigated 
whether smoking cessation might reduce the risk of developing 
RA (5,15–17). A previous investigation in the Nurses’ Health Study 
(NHS) suggested that the risk of RA in past-smokers was similar 
to the risk in never-smokers after 20 years smoking cessation (5). 
However, a true increased risk of RA after long-term sustained 
smoking cessation may have been difficult to detect given sam-
ple sizes and follow-up limitations. Another study in Sweden sug-
gested a reduced risk of RA with increased duration of smoking 
compared to current smoking, but these results were not statisti-
cally significant (15).

To investigate the association between smoking cessation 
and RA risk, repeated measures of smoking in a large sample 
with lengthy follow-up prior to RA diagnosis are required. There-
fore, we used 2 longitudinal cohorts of female nurses, the NHS 
and the NHS II, to investigate smoking cessation and RA risk, 
using up to 38 years of prospective follow-up data. The aims 
of this study were to investigate the association between smok-
ing cessation and the risk of RA overall and according to sero-
logic phenotype. We also sought to determine when and to 
what extent smoking cessation may reduce the increased risk of 
developing RA overall and according to serologic phenotype. We 
hypothesized that smoking cessation would reduce the risk of 
seropositive RA, but that residual RA risk would remain elevated 
compared to that in never-smokers for many years following 
smoking cessation.

PARTICIPANTS AND METHODS

Study population. The NHS and NHS II are prospective 
cohort studies of US female registered nurses. Participants com-
pleted baseline and biennial questionnaires regarding lifestyle, 
health behaviors, medications, and diseases. The NHS began in 
1976 and enrolled 121,700 nurses ages 30–55 years; the NHS 
II was established in 1989 and enrolled 116,430 nurses ages 
25–42 years. Both cohorts have >90% follow-up response rates, 
and only 5% of person-time has been lost to follow-up (18).

For this analysis, we excluded women who reported RA 
and other connective tissue diseases (CTDs) at baseline, were 
missing baseline smoking information, or answered only the 
baseline questionnaire. After exclusions, 117,182 NHS par-
ticipants who were followed from 1976 to 2014 and 113,550 
NHS II participants followed from 1989 to 2015 were analyzed. 
All participants provided informed consent, and this study was 
approved by the Partners HealthCare institutional review board.

Smoking exposures. On the baseline questionnaire, 
the women reported smoking status (never/past/current) and 
the age at which they began to smoke. Current-smokers were 
asked the number of cigarettes typically smoked per day, 
and past-smokers provided the age at which they stopped 
smoking and the number of cigarettes smoked per day before 
quitting. On subsequent questionnaires, the women reported 
smoking status and intensity (1–14, 15–24, ≥25 cigarettes/
day). Data for smoking pack-years were derived by multiply-
ing the number of packs of cigarettes smoked per day (20 
cigarettes/pack) by the number of years of smoking. Because 
smokers often stop and restart smoking, all smoking exposure 
variables were time-updated.

Identification of incident RA. RA cases were identified 
by a 2-stage procedure. Participants who self-reported a new 
diagnosis of RA were contacted by mailing the connective tissue 
disease screening questionnaire (CSQ) (19). The medical records 
of participants with positive scoring on the CSQ were requested 
and reviewed independently by 2 rheumatologists to identify 
RA cases meeting the 1987 American College of Rheumatol-
ogy (ACR) or 2010 ACR/European League Against Rheumatism 
classification criteria (20,21). In addition to components of these 
classification criteria, dates of symptom onset/diagnosis and 
clinical laboratory results for RF and anti-CCP tests were col-
lected. Therefore, cases had confirmed incident RA, with docu-
mented serologic phenotype from medical records. For women 
who were diagnosed with RA prior to the clinical use of anti-CCP 
assays in the early 2000s, serologic phenotype was determined 
solely by RF status based on medical record review. A subset of 
cases with blood banked prior to or after the date of RA onset 
had anti-CCP tested for research purposes; therefore, we re-
classified a few women as seropositive (n = 23). Thus, partici-

SIGNIFICANCE & INNOVATIONS
•	 We used data from 2 large prospective cohorts 

comprised of up to 38 years of follow-up to inves-
tigate smoking cessation and RA risk. We identified 
1,528 incident cases of RA. We used data from 2 
large prospective cohort comprised of up to 38 
years of follow-up to investigate smoking cessation 
and RA risk. We identified 1,528 incident RA cases 
by medical record review during over 6 million per-
son-years of follow-up.

•	 Compared to never-smokers, a slightly elevated 
risk for seropositive RA was still detectable among 
past-smokers even 30 years after smoking cessation.

•	 Among past-smokers, the risk of seropositive RA 
was significantly reduced by 37% (hazard ratio 0.63, 
95% confidence interval 0.44–0.90) in women who 
quit smoking for ≥30 years compared to women 
who quit smoking for 0 to <5 years.

•	 Our findings demonstrate that a behavior change 
of sustained smoking cessation may reduce the risk 
of seropositive RA.
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pants were classified as seropositive if RF or anti-CCP assays 
were positive and seronegative if both RF and anti-CCP assays 
(if available) were negative.

Covariates. We selected covariates as potential confound-
ers associated with cigarette smoking and RA based on previ-
ous studies (2,7,12). Time-updated sociodemographic covariates 
included age, race, and household income (categorized by quar-
tile of US Census tract–based median household income at the 
zip code level). Potential time-updated reproduction confounders 
were oral contraceptive use (categorized as ever-users or never-
users), parity/total breastfeeding duration, menopausal status, 

and postmenopausal hormone (PMH) use. We used a com-
bined “parity/total breastfeeding duration” variable categorized 
as nulliparous, parous/0 to <1 month, parous/1–11 months, or 
parous/≥12 months, and a combined variable for menopausal 
status and PMH use categorized as premenopausal, postmeno-
pausal/never, or postmenopausal/ever. We defined time-updated 
sedentary physical activity as <3 metabolic equivalent of task 
(MET) hours/week (22) and categorized time-updated body mass 
index (BMI) as <25.0, 25.0 to <30.0, or ≥30.0 kg/m2. Alcohol con-
sumption (also time-updated) was assessed by a semiquantitative 
food frequency questionnaire (23). We calculated cumulative aver-
age alcohol as a long-term measure of intake and categorized as 

Table 1.  Age-standardized characteristics of participants in the Nurses’ Health Study (NHS) in 1988 and NHS II in 1989 categorized by 
smoking status*

NHS 
(n = 98,497)†

NHS II 
(n = 113,550)

Never-smoker Past-smoker Current-smoker Never-smoker Past-smoker Current-smoker

Participants, no. (%) 44,776 (45.5) 35,238 (35.8) 18,483 (18.8) 74,181 (65.3) 24,155 (21.3) 15,214 (13.4)
Age, mean ± SD years‡ 54.2 ± 7.3 54.5 ± 7.1 53.9 ± 6.9 34.0 ± 4.7 35.2 ± 4.5 34.8 ± 4.6
White race 92.7 94.6 94.7 91.7 94.9 93.2
Median household income 

quartile
Quartile 1 (lowest) 29.0 24.4 26.0 24.3 21.2 28.4
Quartile 2 24.9 23.2 24.5 25.5 23.0 25.4
Quartile 3 23.3 25.2 25.6 25.1 26.0 24.4
Quartile 4 (highest) 22.7 27.2 23.9 25.1 29.9 21.7

Body mass index category
<25.0 kg/m2 54.0 54.6 63.3 70.3 70.4 69.5
25.0 to <30.0 kg/m2 29.6 29.5 26.3 18.3 18.6 19.2
≥30.0 kg/m2 16.4 15.9 10.3 11.4 11.0 11.3

Sedentary physical activity 
(<3 METs/week)

19.6 19.0 27.3 14.7 14.0 18.0

Parity/breastfeeding  
duration, months

Nulliparous 5.2 5.2 5.6 30.1 28.0 33.9
Parous/none to <1 25.8 30.2 35.4 11.8 12.0 16.1
Parous/1–11 27.2 27.8 26.5 22.1 24.2 22.6
Parous/≥12 17.6 14.1 11.0 26.2 25.3 14.0

Menopausal status/PMH use
Premenopausal 38.9 36.6 35.4 94.3 94.3 91.6
Postmenopausal/never 28.0 27.3 32.6 2.8 2.8 4.0
Postmenopausal/ever 33.1 36.0 31.9 2.9 2.9 4.3

Cumulative average alcohol 
intake, gm/day 

None to <5 71.4 53.9 52.8 84.2 71.0 67.3
5 to <10 9.8 15.3 12.5 8.7 14.5 13.8
≥10 10.7 23.5 28.4 6.0 13.7 18.0

* Missing values are not shown. METs = metabolic equivalents of task; PMH = postmenopausal hormone. Except where indicated otherwise, 
values are the percent. 
† A total of 117,182 women were in the NHS at baseline in 1976. 
‡ Not age-standardized. 
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none to <5, 5 to <10, and ≥10 gm/day. Missing data for physical 
activity, BMI, and alcohol were carried forward 1 cycle, and then 
a missing indicator variable was created for data missing beyond 
1 cycle.

Statistical analysis. We pooled data from the NHS 
and NHS II into a single analysis for statistical efficiency, given 
exposures with many categories, planned subgroup analyses, 
and analyses for RA serologic phenotypes. We reported age-
adjusted descriptive statistics for covariates across smoking 
status categories (never/past/current) for the NHS in 1988 and 
the NHS II in 1989, because these were the first cycles at similar 
calendar periods.

Person-years of follow-up for each participant accrued from 
the date of return of the baseline questionnaire to the date of 
censoring, whichever came first: RA diagnosis, reported other 
CTD not confirmed as RA, date of death, or end of follow-up 
for this analysis (June 1, 2014 for the NHS and June 1, 2015 
for the NHS II). If participants were missing smoking data during 
a questionnaire cycle, we did not include these person-years in 
the analysis.

We used Cox proportional hazards models to test for the 
association between time-updated smoking intensity accord-
ing to smoking status, pack-years, and smoking cessation 
and RA risk. We analyzed smoking status as never (reference), 
past, or current as well as a 5-level smoking intensity variable of 
never (reference), past, current 1–14, current 15–24, and cur-
rent ≥25 cigarettes/day. Pack-years of smoking were catego-
rized as never (reference), >0–10, >10–20, >20–30, >30–40, or 
>40 pack-years. Grouped by smoking status and years since 
quitting, smoking cessation was analyzed as never (reference), 

past (in ordinal categories of years since cessation [≥30, 20 to 
<30, 10 to <20, 5 to <10, or 0 to <5 years ago]), and current. 
Base models were adjusted for age, cohort, and questionnaire 
cycle (each cohort was pooled by similar calendar times; e.g., 
the 1988 cycle in the NHS was pooled with the 1989 cycle in 
the NHS II). After we examined the associations of each pos-
sible covariate with smoking status and the all-RA outcome 
separately, the multivariable model was additionally adjusted for 
oral contraceptive use, parity/breastfeeding, menopausal status/
PMH use, BMI, sedentary physical activity, median household 
income, and alcohol intake. We performed similar analyses for 
RA serologic phenotypes. We also analyzed additional sub-
groups categorized as ever-smokers (reference, current smok-
ing) and past-smokers (reference, 0 to <5 years since quitting) to 
further investigate smoking cessation and RA risk.

We used restricted cubic splines with 3 knots to visualize 
the risk for RA serologic phenotypes by pack-years (among the 
entire study sample; reference = never [0] pack-years) and years 
since quitting smoking (among only past-smokers; reference ≤2 
years since cessation) adjusted for covariates (24). Tests for non-
linearity used the likelihood ratio test, comparing the model with 
only the linear term to the model with the linear and the cubic 
spline terms. Use of higher numbers of knots in the cubic spline 
curves showed similar results.

We tested the proportional hazards assumption by includ-
ing interaction terms between smoking exposures and follow-up 
time, using likelihood ratio tests to compare nested models 
with and without interaction terms. The proportional hazards 
assumption was met in all analyses. Two-sided P values less 
than 0.05 were considered significant in all analyses. All analyses 
were performed using SAS v.9.4.

Table 2.  Hazard ratios for rheumatoid arthritis (RA) serologic phenotypes according to smoking status and intensity*

Never-smoker Past-smoker

Current-smoker

1–14 cigarettes/day 15–24 cigarettes/day ≥25 cigarettes/day

All RA
Cases/person-years 675/3,262,927 597/1,946,910 80/316,907 111/330,369 65/180,038
Age-adjusted model 1.00 (Ref.) 1.35 (1.20–1.51) 1.19 (0.94–1.50) 1.58 (1.28–1.94) 1.69 (1.30–2.19)
Multivariable model 1.00 (Ref.) 1.36 (1.21–1.53) 1.23 (0.97–1.55) 1.60 (1.30–1.97) 1.69 (1.30–2.20)

Seropositive RA
Cases/person-years 415/3,254,327 386/1,940,936 52/315,778 73/329,167 43/179,214
Age-adjusted model 1.00 (Ref.) 1.44 (1.25–1.66) 1.29 (0.97–1.73) 1.75 (1.35–2.25) 1.86 (1.35–2.58)
Multivariable model 1.00 (Ref.) 1.48 (1.28–1.71) 1.36 (1.01–1.82) 1.80 (1.39–2.34) 1.92 (1.39–2.66)

Seronegative RA
Cases/person-years 260/3,254,901 211/1,940,814 28/315,756 38/328,645 22/178,974
Age-adjusted model 1.00 (Ref.) 1.20 (1.00–1.44) 1.03 (0.70–1.53) 1.32 (0.94–1.88) 1.42 (0.91–2.21)
Multivariable model 1.00 (Ref.) 1.18 (0.98–1.43) 1.03 (0.69–1.53) 1.31 (0.92–1.86) 1.36 (0.86–2.12)

* Multivariable models were adjusted for age, questionnaire period, cohort, oral contraceptive use (ever, never), parity/breastfeeding in 
months (nulliparous, parous/<1 month, parous/1–11 months, parous/≥12 months), menopausal status/postmenopausal hormone use (pre-
menopausal, postmenopausal/never, postmenopausal/ever), body mass index category (underweight/normal, overweight, obese), seden-
tary physical activity, median household income (quartiles), alcohol intake (none to <5 gm/day, 5 to <10 gm/day, ≥10 gm/day). Except where 
indicated otherwise, values are the hazard ratio (95% confidence interval). 
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RESULTS

Characteristics of the participants. Among 117,182 
women in the NHS (1976–2014) and 113,550 women in the 
NHS II (1989–2015), we identified a total of 1,528 incident cases 
of RA (1,002 in the NHS and 526 in the NHS II). There were 969 
(63.4%) seropositive RA cases and 559 (36.6%) seronegative 
RA cases during 6,037,151 person-years of follow-up. Table 1 
shows age-adjusted characteristics of the NHS and the NHS II 
study participants categorized according to smoking status and 
at a similar calendar time (1988 and 1989, respectively). Women 
in the NHS were older in 1988 (mean ± SD age 54.3 ± 7.2 years) 
compared to women in the NHS II in 1989 (mean ± SD age 34.4 
± SD 4.7 years). There were more smokers in the NHS (18.8% 
current-smokers and 35.8% past-smokers) than in the NHS II 
(13.4% current-smokers and 21.3% past-smokers). Within both 
cohorts, sedentary physical activity and alcohol consumption 
were higher among smokers than non-smokers, particularly for 
current-smokers.

Smoking status/intensity and RA risk. Compared 
to women who never smoked, the multivariable-adjusted haz-
ard ratio (HR) for developing RA was 1.36 (95% CI 1.22–1.53) 
among past-smokers and 1.46 (95% CI 1.26–1.70) among 
current-smokers (see Supplementary Table 1, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23837/abstract), after adjustment for 
age, questionnaire period, cohort, oral contraceptive use, par-
ity/breastfeeding, menopausal status/PMH use, BMI, seden-
tary physical activity, median household income, and alcohol 
intake. When we further examined the intensity of smoking, 
current-smokers who smoked ≥25 cigarettes per day had a 92% 
increased risk of seropositive RA compared to never-smokers 
(multivariable HR 1.92, 95% CI 1.39–2.66) (Table 2). There was 
no significant association between smoking intensity and sero
negative RA.

Pack-years and RA risk. To further investigate the 
association between smoking and RA risk, we investigated 
the relationship between pack-years of smoking and RA risk, 
using restricted cubic splines models (Figure 1). Compared to 
never-smokers (0 pack-years), there was a statistically significant 
increasing trend for developing RA with increasing number of 
pack-years smoked up to 35 pack-years, with the HR plateauing 
at approximately 1.8 for all RA (P < 0.0001) and an HR of 2.3 for 
seropositive RA (P < 0.0001).

Supplementary Table 2 (available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23837/abstract) shows the categories of pack-years and 
RA risk. Compared to the risk for never-smokers, there was no 

Figure  1.  Restricted cubic spline curves showing hazard 
ratios (HRs) (solid lines) and 95% confidence intervals (95% CIs) 
(broken lines) for rheumatoid arthritis (RA) serologic phenotypes 
among all women with RA, according to pack-years of smoking 
(reference group, 0 pack-years). Curves were adjusted for  the 
covariates listed in Table 2. Supplementary Table 2 (available on 
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23837/abstract) shows data analyzed by 
categories of smoking pack-years. P values are for trend.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23837/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23837/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23837/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23837/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23837/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23837/abstract
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risk for any RA serologic phenotype for >0 to 10 pack-years. 
However, those who smoked for 10–20 pack-years had a signif-
icantly increased risk of all RA (HR 1.38, 95% CI 1.17–1.64) and 
seropositive RA (HR 1.54, 95% CI 1.25–1.89) but not seroneg-
ative RA. Those who smoked for >40 pack-years had a nearly 
2-fold risk of developing all RA (HR 1.83, 95% CI 1.52–2.20) and 
seropositive RA (HR 2.25, 95% CI 1.80–2.82) but not seronega-
tive RA (HR 1.27, 95% CI 0.92–1.74).

Smoking cessation and RA risk. Table 3 shows the asso-
ciations of smoking cessation with RA, comparing current-smok-
ers and past-smokers according to years since quitting to the 
reference group of never-smokers. Compared to never-smokers, 
past-smokers who quit 0 to <5 years ago had a significantly 
increased risk of all RA (HR 1.57, 95% CI 1.26–1.95) and seropos-
itive RA (HR 1.99, 95% CI 1.54–2.58) but not seronegative RA (HR 
0.98, 95% CI 0.65–1.49). This point of estimate of increased risk 
of developing RA started to decline among past-smokers who quit 
10 to <20 years ago (HR 1.37, 95% CI 1.15–1.64) for all RA and 
those who quit 5 to <10 years ago (HR 1.79, 95% CI 1.36–2.37) 
for seropositive RA. However, modestly increased RA risk was still 
detectable even 30 years after quitting smoking for both all RA (HR 
1.25, 95% CI 1.02–1.53) and seropositive RA (HR 1.30, 95% CI 

1.01–1.68).
Figure  2 shows the restricted cubic spline curves among 

the subset of past-smokers for the association between RA 
and years since smoking cessation (reference, 0–2 years since 
quitting). There was a trend showing a statistically significant 
decreasing risk for developing RA with increasing years since 
smoking cessation for both all RA (P = 0.009) and seropositive 
RA (P = 0.002) but not seronegative RA (P = 0.78).

Table  4 shows categories of years since smoking cessa-
tion and RA risk. Women who quit smoking ≥30 years ago had 
a suggestive reduced risk (HR 0.78, 95% CI 0.58–1.05) for all 
RA compared to those who quit 0 to <5 years ago. The risk 
of seropositive RA was significantly reduced by 37% (HR 0.63, 
95% CI 0.44–0.90) in women who quit smoking ≥30 years ago 
compared to those who quit 0 to <5 years ago. There was no 
association of any category of time since smoking cessation and 
the risk of seronegative RA.

DISCUSSION

In this large prospective study of women in the NHS and 
NHS II, we observed that sustained smoking cessation reduced 
the risk of seropositive RA compared to the risk in recent quit-
ters, suggesting that this behavior change can delay or even 
prevent the onset of seropositive RA. The risk of seropositive RA 
was reduced by 37% among those who sustained smoking ces-
sation for ≥30 years compared to those who recently quit smok-
ing. Further, we showed an increased risk of RA, particularly the 
seropositive phenotype, in past-smokers and current-smokers, 

particularly in current-smokers with a high intensity of smoking 
or those with many pack-years of smoking and a strong dose-
response, confirming the results of previous studies (4,7,25–27). 

Figure 2.  Restricted cubic spline curves showing HRs (solid lines) 
and 95% CIs (broken lines) for RA serologic phenotypes among 
the subset of past smokers, according to years since smoking 
(reference group, 0–2 years since quitting). Curves were adjusted for 
the covariates listed in Table 2. Broken lines represent the 95% CIs. 
P values are for trend. See Figure 1 for abbreviations.
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We did not find an association between smoking and seroneg-
ative RA risk despite a large sample size and lengthy follow-up, 
suggesting that seropositive and seronegative RA may be dis-
tinct phenotypes with distinct risk factors.

Many previous studies have investigated smoking status 
and RA risk. In a large meta-analysis that included 11 stud-
ies (7), 13,885 RA cases among a total of 593,576 individuals, 
current-smokers had an odds ratio (OR) of 1.64 for seropositive 
RA compared to never-smokers. Recent results from the French 
E3N cohort study in which 71,248 women were prospectively 
followed since 1990 showed that past-smokers (HR 1.32, 95% 
CI 1.06-1.64) and current-smokers (HR 1.57, 95% CI 1.13–2.19) 
had an increased RA risk compared to never-smokers (1). Our 
group previously investigated smoking performed only in the NHS 
using follow-up data from 1976 to 2002 and demonstrated that 
current- smokers had an HR of 1.46 (95% CI 1.20–1.79) for all RA 
and HR of 1.58 (95% CI 1.21–2.06) for seropositive RA compared 
to never-smokers (5). Our current study findings are consistent 
with and extend these prior findings. We confirmed a strong asso-
ciation between smoking status and seropositive RA risk but no 
clear association with seronegative RA.

Stolt et  al investigated smoking intensity and RA risk 
and reported an OR of 2.4 (95% CI 1.5–3.7) for RA among 
current-smokers who smoked ≥20 cigarettes per day compared 
to never-smokers (16). A recent meta-analysis of 3 cohort and 7 
case–control studies demonstrated a dose-response relationship 
between smoking pack-years and risk of RA, showing a statistically 
significant increased risk of developing RA with increasing pack-
years up to 20 years, when the HR plateaued at ~2.0, compared 
to never-smokers (2). We observed a similar relationship between 

smoking pack-years and risk of all RA and extended those findings 
by also investigating seropositive RA, with the HR plateauing at ~2.3 
after approximately 30 pack-years compared to never smoking.

Smoking status, intensity, and pack-years are all associated 
with the risk of RA, particularly seropositive RA, which implies 
that a behavior change of smoking cessation might reduce the 
risk of RA. Some previous studies have also investigated smok-
ing cessation and RA risk. The Swedish Mammography Cohort 
study (15) followed 34,101 women from 1997 to 2010, using a 
baseline questionnaire on smoking behaviors, and identified 219 
incident cases of RA. Past-smokers who quit smoking ≥15 years 
ago had an increased risk of RA (HR 1.99, 95% CI 1.23–3.20) 
compared to never-smokers, suggesting that a residual elevated 
risk of RA remained even after sustained cessation of smoking. 
When we analyzed only past-smokers, there was a suggestion 
that the risk of RA was reduced with increasing time since ces-
sation compared to recent quitters. However, the findings in that 
study were limited due to a low number of events and only a 
single baseline assessment of smoking. In the Swedish Epidemi-
ological Investigations of RA analyzing 679 cases and 847 con-
trols (16), past-smokers who quit smoking ≥20 years had a similar 
risk of RA (OR 1.0, 95% CI 0.5–1.9) compared to never-smokers. 
However, that case–control study may have been limited by recall 
bias, and there were few cases in the sustained smoking cessa-
tion group, so there may have been limited power to detect a true 
difference.

Similarly, the previous study analyzing only the NHS sug-
gested that past-smokers who quit smoking ≥20 years ago had 
a similar risk of RA (HR 1.14, 95% CI 0.88–1.48) compared to 
never-smokers (5). In our current study, although the risk of RA 

Table 4.  Hazard ratios for rheumatoid arthritis (RA) serologic phenotypes according to smoking status and years since cessation 
among past smokers*

Quit ≥30 years 
ago

Quit 20 to <30 
years ago

Quit 10 to <20 
years ago

Quit 5 to <10 
years ago

Quit 0 to <5 
years ago

All RA
Cases/person-years 123/397,373 129/445,185 160/551,108 90/262,059 94/282,440
Age-adjusted model 0.75 (0.56–1.00) 0.75 (0.57–0.99) 0.86 (0.67–1.12) 1.09 (0.81–1.46) 1.00 (Ref.)
Multivariable model 0.78 (0.58–1.05) 0.78 (0.59–1.02) 0.88 (0.68–1.14) 1.09 (0.81–1.46) 1.00 (Ref.)

Seropositive RA
Cases/person-years 77/396,579 82/443,916 99/549,283 58/261,118 69/281,311
Age-adjusted model 0.62 (0.44–0.88) 0.62 (0.45–0.86) 0.72 (0.53–0.98) 0.93 (0.65–1.32) 1.00 (Ref.)
Multivariable model 0.63 (0.44–0.90) 0.63 (0.45–0.88) 0.73 (0.53–0.99) 0.91 (0.64–1.30) 1.00 (Ref.)

Seronegative RA
Cases/person-years 46/396,731 47/443,877 61/549,236 32/261,042 25/281,204
Age-adjusted model 1.11 (0.66–1.86) 1.12 (0.68–1.83) 1.27 (0.79–2.04) 1.54 (0.91–2.62) 1.00 (Ref.)
Multivariable model 1.20 (0.71–2.02) 1.17 (0.71–1.93) 1.30 (0.81–2.09) 1.57 (0.92–2.66) 1.00 (Ref.)

* Multivariable models were adjusted for age, questionnaire period, cohort, oral contraceptive use (ever, never), parity/
breastfeeding in months (nulliparous, parous/<1 month, parous/1–11 months, parous/≥12 months), menopausal status/post-
menopausal hormone use (premenopausal, postmenopausal/never, postmenopausal/ever), body mass index category (under-
weight/normal, overweight, obese), sedentary physical activity, median household income (quartiles), alcohol intake (none to <5 
gm/day, 5 to <10 gm/day, ≥10 gm/day). Except where indicated otherwise, values are the hazard ratio (95% confidence interval). 
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risk decreased with time since cessation, a modestly elevated RA 
risk was detectable 30 years after quitting smoking (for all RA, HR 
1.25 [95% CI 1.02–1.53]; for seropositive RA, HR 1.30 [95% CI 
1.01–1.68] [reference, never smoking]). By extending follow-up in 
the NHS and adding the NHS II cohort, our current study is better 
powered to detect a modest statistical difference among women 
with long-term sustained cessation. Therefore, our study extends 
previous findings and provides evidence that women who smoke 
may have a modestly increased risk of RA for decades. This sug-
gests that secular trends in smoking cessation may be followed by 
a decrease in RA incidence in future decades. Although smoking 
cessation may not decrease the risk of RA to the level of a never-
smoker, our findings provide evidence that a behavior change of 
smoking cessation may delay or even prevent the onset of sero-
positive RA. These results could provide rationale for a smoking 
intervention trial among active smokers to prevent the formation 
of RA-related autoantibodies or to prevent the progression to RA 
among those at increased risk of seropositive RA.

We observed that the risk of RA among recent quitters 
(0 to <5 years since smoking cessation) was higher than that 
among current-smokers, perhaps due to many of the recent quit-
ters being heavy smokers (>40 pack-years). These recent quit-
ters may be more likely to start smoking again so may not have 
actually had sustained smoking cessation and may be similar to 
current-smokers. Moreover, recent quitters may have decided 
to quit smoking due to early symptoms of RA or other serious 
health conditions. The population-attributable risk of RA from 
smoking is 14% (28) and may contribute up to 35% of the risk 
of anti–citrullinated protein antibody–positive RA (29). Smoking 
may interact with shared epitope genes to increase the risk of 
seropositive RA (4,30,31).

Although the biologic mechanisms linking smoking to 
an increased risk of developing RA are still not clear, compo-
nents in cigarette smoke, such as nicotine, hydrocarbons, and 
carbon monoxide, are known to have aberrant effects on the 
immune system (9,32). Smoking causes impaired T cell func-
tion (33,34) and humoral immunity (35,36) and raises systemic 
levels of inflammatory markers such as interleukin-6 and C-reac-
tive protein (37,38). Smoking has also been shown to increase 
levels of citrullinated proteins and expression of peptidylarginine 
deiminase type 2 in pulmonary alveoli (39). Evidence has accu-
mulated showing that, in the presence of HLA shared epitope 
genes, cigarette smoking may trigger immune responses against 
citrullinated proteins (11,31,40). The observed associations 
between smoking status/intensity as well as the dose-response 
between pack-years of smoking with RA risk in our study are 
compatible with this triggering mechanism. Moreover, the 
detectable increased risk of RA 30 years after smoking cessation 
suggests that, in some individuals, the immune system may be 
permanently altered, perhaps with resultant autoimmunity estab-
lished once a threshold of smoking is reached, with progression 
to RA occurring many years later.

A major strength of our study is the use of 2 large cohorts 
to prospectively identify incident cases of RA with up to 38 years 
during more than 6 million person-years of follow-up. We had 
detailed data on smoking exposures including smoking status, 
intensity, cumulative pack-years, and years since smoking ces-
sation as well as information on important potential confounders 
such as alcohol intake and reproductive factors updated pro-
spectively every 2 years, allowing for time-updated analyses. 
Further, women who self-reported CTD including unconfirmed 
RA were censored at the time of self-report to ensure that 
the analyzed sample was free of RA or other CTD. We identi-
fied cases by medical record review to ensure that all fulfilled 
accepted criteria and were truly incident, while allowing for sub-
phenotyping based on serologic phenotype.

Our study does have some limitations. Our study popu-
lation, consisting of mostly healthy, well-educated, white US 
women working in the nursing professions at baseline may 
not be representative of the general population. Because 
detailed smoking data were self-reported, there is the poten-
tial for recall bias. However, self-report of smoking has been 
demonstrated to be valid, and these repeated measures were 
collected prospectively prior to RA onset, so a differential bias 
between RA cases and non-RA cases is unlikely (41). Because 
smoking was assessed only every 2 years, we might not have 
captured intervening smoking behavior changes. In addition, 
there may be potential for misclassification by RA serologic 
phenotype. The serologic phenotype in our incident RA cases 
was determined by the combination of RF and anti-CCP tests 
obtained through routine clinical care. Many cases were diag-
nosed prior to the early 2000s when anti-CCP testing began to 
be used widely in the US. Thus, for earlier RA cases, medical 
records only contained data on RF. It is therefore possible that 
some of the women in whom RA was diagnosed before the 
early 2000s who were RF-negative may have actually been 
anti-CCP positive but misclassified as seronegative in our 
study. Because RF and anti-CCP are correlated, we expect 
that the misclassification of seropositivity in RA patients is rel-
atively uncommon. We previously observed that only ~2% of 
our seronegative RA cases were initially misclassified based on 
negative RF but positive anti-CCP assays among a subset of 
women who provided blood samples in 1989 and had these 
tests for research purposes (42).

In conclusion, we observed that past-smokers had a sig-
nificantly reduced risk of seropositive RA according to time 
since sustained smoking cessation, providing evidence that this 
behavior change may decrease or even prevent the onset of 
RA. We detected a slightly increased risk of seropositive RA 
even 30 years after smoking cessation in ever-smokers com-
pared to never-smokers, suggesting that a minority of ever-
smokers may have permanent immune alterations even after 
smoking cessation. We found no association of smoking with 
seronegative RA, suggesting a different pathogenesis for sero-
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positive RA. Our study findings provide evidence that a behavior 
change of sustained smoking cessation may reduce the risk of 
seropositive RA.
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Effects of Language, Insurance, and Race/Ethnicity on 
Measurement Properties of the PROMIS Physical Function 
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Objective. Most studies that have evaluated patient-reported outcomes, such as those utilizing the Patient-
Reported Outcomes Measurement Information System (PROMIS) Physical Function Short Form 10a (PF10a) in rheu-
matoid arthritis (RA), have been performed in white and English-speaking populations. The aim of our study was to 
assess the measurement properties of the PF10a in a racially/ethnically diverse population with RA and to determine 
the effect of non-English language proficiency, insurance status, and race/ethnicity on the validity and responsive-
ness of the PF10a.

Methods. Data were abstracted from electronic health records for all RA patients seen in a university-based rheu-
matology clinic between 2013 and 2017. We evaluated the use of the PF10a, floor and ceiling effects, and construct 
validity across categories of language preference, insurance, and race/ethnicity. We used standardized response 
means and linear mixed-effects models to evaluate the responsiveness of the PF10a to longitudinal changes in the 
Clinical Disease Activity Index (CDAI) across population subgroups.

Results. We included 595 patients in a cross-sectional analysis of validity and 341 patients in longitudinal re-
sponsiveness analyses of the PF10a. The PF10a had acceptable floor and ceiling effects and was successfully 
implemented. We observed good construct validity and responsiveness to changes in CDAI among white subjects, 
English speakers, and privately insured patients. However, constructs evaluated by the PF10a were less correlated 
with clinical measures among Chinese speakers and Hispanic subjects, and less sensitive to clinical improvements 
among Medicaid patients and Spanish speakers.

Conclusion. While the PF10a has good measurement properties and is both practical and acceptable for imple-
mentation in routine clinical practice, we also found important differences across racial/ethnic groups and those with 
limited English proficiency that warrant further investigation.

INTRODUCTION

Assessment of patient-reported physical function is impor-
tant for monitoring individuals with rheumatoid arthritis (RA) and 
provision of patient-centered care. Integration of patient-reported 
physical function into routine clinical care has been shown to be 
a feasible mechanism for incorporating patient preferences into 
a treat-to-target approach for managing RA (1). Incorporation of 
patient-reported measures of physical function in RA is a nation-
ally endorsed quality measure and recommended in American 
College of Rheumatology guidelines (2).

The Patient Reported Outcome Measurement Information Sys-
tem (PROMIS) was developed by the National Institute of Health to 
provide standard metrics for measuring patient-reported outcomes 
across chronic conditions. To date, a number of researchers have 
examined the properties of PROMIS measures in rheumatic condi-
tions, with the largest concentration of work being on the physical 
functioning measures in RA (3–11). While PROMIS physical func-
tion measures have been evaluated in white and English-speaking 
populations with RA, no studies have examined their validity or 
responsiveness in other racial and ethnic groups, non-English 
speakers, or populations with low socioeconomic status.
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Previous studies have shown that sociodemographic factors 
can affect multiple aspects of care in RA, including mortality and 
disability, disease activity, prevalence of comorbidities, patient-
reported outcomes, access to treatment/health services, treat-
ment preferences and medication adherence, health literacy, and 
trust in providers (12–35). A better understanding of the effects 
of sociodemographic factors on the validity of PROMIS physi-
cal function measures will determine their generalizability across 
diverse communities. This study demonstrates the effect of lan-
guage preference, race/ethnicity, and insurance status (as a proxy 
for low income) on measurement properties of the PROMIS Phys-
ical Function Short Form 10a (PF10a), including floor and ceiling 
effects, construct validity, and responsiveness to improvements 
and deteriorations in clinical disease activity over time.

PATIENTS AND METHODS

Data sources. Provider information and clinical and demo-
graphic data were extracted from the electronic health record 
(EHR) for all patients seen at the University of California, San 
Francisco (UCSF) rheumatology clinic, with at least 1 face-to-
face encounter with a rheumatologist that was associated with 
an International Classification of Diseases, Ninth Edition code for 
RA between February 1, 2013 and October 31, 2017. The UCSF 
Committee on Human Research approved this study.

Study population. In order to assess cross-sectional valid-
ity, we included patients who had at least 1 encounter with com-
plete data, including a pain score, PF10a score, Clinical Disease 
Activity Index (CDAI) score, serum C-reactive protein (CRP) level, 
and erythrocyte sedimentation rate (ESR). For the longitudinal 
analysis of responsiveness, we restricted analysis to the cohort 

of patients with at least 2 encounters with complete data. For 
inclusion in the analysis, encounters were required to be spaced 
between 1 and 12 months apart, in order to capture separate 
episodes of care. The baseline was defined as the first encounter 
with complete data.

Measures. Physical function was measured using the 
PF10a for all patients. The PF10a is a 10-item questionnaire that 
assesses current self-reported physical function. Raw scores 
range from 10 to 50 and can be translated into T scores, with 
a mean ± SD of 50 ± 10, for comparison with the US general 
population mean; for this study, all reported PF10a scores are T 
scores. A higher PROMIS-PF10a T score represents better phys-
ical function. Chinese and Spanish PF10a forms were obtained 
from www.nih.promis.gov and were utilized for patients who pre-
ferred these languages. All forms were scored and entered by 
clinic staff prior to the encounter.

RA disease activity was measured using the CDAI (19), a 
composite measure of patient global assessment (on a 0–100 
mm visual analog scale [VAS]), evaluator global assessment (on 
a 0–100 mm VAS), 28-tender joint counts (TJC), and 28-swollen 
joint counts (SJC). Scores range from 0 to 76, with higher val-
ues reflecting more severe disease. All patients completed a VAS 
(0–100 mm) for pain at each encounter, and CRP level or ESR 
was measured at least every 3 months.

Other variables. Other time-varying variables included 
body mass index (BMI) and smoking status, which were 
recorded at each encounter. Baseline variables included 
demographics, number of comorbidities (Charlson comorbid-
ity score), and medication use. Demographics included date 
of birth, sex, self-reported race/ethnicity, preferred language, 
and insurance category (private, Medicare, Medicaid). For 
medication use at baseline, physician medication orders for all 
oral or intravenous drugs, including biologic disease-modifying 
antirheumatic drugs (DMARDs), targeted small-molecule 
DMARDs, nonbiologic DMARDs, and glucocorticoids that 
were associated with a rheumatology encounter within 12 
months before baseline were retrieved from the EHR.

Statistical analysis. Pearson’s chi-square test, one-
way analysis of variance, or Kruskal-Wallis test were selected 
for descriptive statistics, based on the type and sample distri-
bution of the variable being analyzed. The proportion of indi-
viduals with floor (defined as worst score, 14.1) and ceiling 
(defined as best score, 61.7) effects for PF10a was calculated 
across different categories of language, insurance, and race/
ethnicity.

Construct validity, the extent to which a test measures the 
concept or construct that it is intended to measure, was assessed 
by looking at convergent, discriminant, and known-group valid-
ity. Convergent and discriminant validity explain how a measure 

SIGNIFICANCE & INNOVATIONS 
•	 There is growing interest nationally in using pa-

tient-reported outcomes in routine clinical care to 
engage patients, monitor outcomes and inform 
treatment decisions; however, most studies eval-
uating patient-reported outcomes have been per-
formed in white, English-speaking populations.

•	 We studied the validity and responsiveness of a 
Patient Reported Outcome Measurement Informa-
tion System (PROMIS) measure in rheumatoid ar-
thritis across different languages, races/ethnicities, 
and insurance groups in a real-world clinic popula-
tion.

•	 We found that constructs evaluated by PROMIS 
Physical Function Short Form 10a (PF10a) are less 
correlated with clinical outcomes among Chinese 
speakers and Hispanic patients and that the PF10a 
has less sensitivity to clinical improvements among 
Medicaid patients and Spanish speakers.

http://www.nih.promis.gov
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conforms to a similar or different measure and were assessed 
by comparing correlation of the PF10a to that of patient global 
RA assessments of pain, SJC and TJC, ESR, and CRP level with 
Spearman’s correlation coefficient, as not all scores were normally 
distributed. We hypothesized that the PF10a would correlate 
strongly (r < –0.60) with other patient-reported measures (patient 
global assessment VAS, pain VAS), and moderately (–0.30 < r < 
–0.60) with clinical outcome measures (28 TJCs and SJCs) (36). 
Spearman’s correlation coefficient was compared across different 
categories of language, insurance, and race/ethnicity.

Known-group validity explains how the measure discrim-
inates between groups that are known to be different. This 
was investigated by evaluating differences in mean PF10a 
scores among predefined groups by age or disease sever-
ity. The PF10a was hypothesized to show lower scores in 
older patients (ages ≥65 compared to age <50 years), and 
those with higher disease activity (CDAI score >22 [severe] 
compared to CDAI score ≤10 [remission or mild]). We used t-
tests to compare mean group differences in each category by 
language, insurance, and race/ethnicity, and Cohen’s d effect 
size (the difference in mean scores divided by the pooled SD) 
was calculated. Effect size values for dichotomous variables 
were categorized as small (<0.5), medium (0.5–0.8), or large 
(>0.8) (37).

Responsiveness. Responsiveness was determined by 
analyzing changes in PF10a scores in relation to changes in 
disease activity (CDAI). Previous studies have defined a mini-
mally important difference in CDAI as a 12-point change (38). 
In order to estimate the standardized response mean (SRM), 
patients with PF10a scores recorded on 2 encounters that 
were 1–12 months apart were divided into 3 groups, including 
those with a 12-point decrease in CDAI (clinical improvement), 
including those with a 12-point increase in CDAI (clinical dete-
rioration), and those with a <12-point change in CDAI (no 
change). We investigated the association between language 
preference, insurance status, and race/ethnicity, and mean 
score changes of the PF10a using a test for trend (39). We 
then calculated the ratio of the mean score change to the SD 
of that change (SRM) across subgroups. Values were catego-
rized as small (<0.5), medium (0.5–0.8), and large (>0.8) (40) 
and were compared across different categories of language, 
insurance, and race/ethnicity.

Finally, we used multilevel linear mixed-effects regression to 
assess the responsiveness of the PF10a to changes over the fol-
low-up period by modeling the relationship between changes in 
the PF10a and changes in CDAI among all patients with at least 2 
encounters. We used a random effects model (Model 1), allowing 
each subject to have his/her own starting intercept and disease 
trajectory. Also, since there may have been systematic differences 
in how providers rate swollen and tender joints in the CDAI, we 
accounted for clustering by provider. Because most patients saw 

the same provider across all visits, a nested random effects model 
was used. The association between change in CDAI score and 
change in PF10a might be influenced by the magnitude of the ini-
tial PF10a score; we therefore adjusted for the initial PF10a score. 
Since different patients had follow-up visits at different times, we 
also incorporated time as a linear predictor in the model. In order 
to assess differences in PF10a responsiveness across popu-
lation groups, we fitted 3 additional models, with an interaction 
term between change in CDAI score (since the previous encoun-
ter) and either language (Model 2), insurance (Model 3), or race/
ethnicity (Model 4) in each model. To assess responsiveness to 
both improvements and deteriorations in CDAI, we fitted splines 
with a single knot at ΔCDAI of 0. In our fully-adjusted analyses, 
in addition to the above terms, we also included baseline covari-
ates (age, sex, smoking status, Charlson comorbidity score [41], 
and medications), and time-dependent covariates (CRP level and 
BMI). Analyses were performed using Stata statistical software, 
release 14.

RESULTS

Data from 846 RA patients and 5,834 encounters (mean ± 
SD encounters 10 ± 5 per patient; range 1–31) were extracted 
from the EHR. PF10a scores were recorded for 833 patients 
(98%) at 5,174 encounters (89%). The final data set for cross-
sectional analysis included 595 patients. Of these, 341 patients 

Figure  1.  Data set for cross-sectional analysis of validity and 
longitudinal analysis of responsiveness. ICD-9 = International 
Classification of Diseases, Ninth Revision; RA = rheumatoid arthritis. 
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had complete data on at least 2 encounters that were 1–12 
months apart (mean ± SD encounters 6 ± 3 per patient [range 
2–15]) and were included in the longitudinal analysis of respon-
siveness (Figure  1). A total of 32 providers contributed data 
for analysis, with a mean ± SD RA encounters per provider of  
23 ±11 (range 2–45).

Baseline clinical characteristics of patients included in the 
cross-sectional sample were representative of RA populations 
previously described (9,42) and similar to patients included in the 
longitudinal cohort (Table 1). The majority of patients were female 
(83%), with a mean ± SD age of 56 ± 15 years. The group was 
racially/ethnically diverse (50% nonwhite) and 14% preferred a 

Table 1.  Characteristics of the RA clinic population at baseline*

Cross-sectional  
sample (n = 595)

Longitudinal  
cohort (n = 341)

Age, mean ± SD years 56.5 ± 15.3 55.8 ± 15.4
Female 493 (83) 282 (83)
BMI, mean ± SD 26.7 ± 6.4 26.2 ± 5.9
Race/ethnicity

White 297 (50) 163 (48)
African American 38 (6) 19 (6)
Hispanic 27 (5) 14 (4)
Asian 115 (19) 73 (21)
Other 118 (20) 72 (21)

Preferred language
English 512 (86) 288 (85)
Spanish 43 (8) 28 (8)
Chinese 40 (6) 25 (7)

Insurance type
Private 236 (40) 142 (42)
Medicare 281 (47) 155 (45)
Medicaid 78 (13) 44 (13)

Smoking 137 (23) 79 (23)
Total Charlson score, median (IQR) 1 (1–2) 1 (1–2)
Medication

DMARD and biologic naive 26 (5) 11 (3)
DMARD only 311 (52) 181 (53)
Biologic with or without DMARD 258 (43) 149 (44)

Clinical parameters 
RA disease activity

CDAI remission 85 (14) 49 (14)
CDAI low 207 (35) 111 (33)
CDAI moderate 168 (28) 104 (30)
CDAI high 135 (23) 77 (23)

PhGA VAS, median (IQR) 23 (10–44) 24 (10–44)
PtGA VAS, median (IQR) 40 (15–64) 35 (15–62)
PF10a, mean ± SD 40.1 ± 10.7 40.8 ± 10.4
Pain VAS, median (IQR) 40 (15–68) 33 (12–65)
28-joint TJC, median (IQR) 2 (0–6) 2 (0–6)
28-joint SJC, median (IQR) 2 (0–5) 2 (0–6)
CRP mg/dl, median (IQR) 4 (2–9.2) 4 (2–8.6)
ESR mm/hr, median (IQR) 19 (9–36) 20 (10–35)

* Values are the number (%) unless indicated otherwise. RA = rheumatoid arthritis; BMI = body mass index; IQR = interquartile 
range; DMARD = disease-modifying antirheumatic drug; CDAI = clinical disease activity index; PhGA = physician global as-
sessment; VAS = visual analog score; PtGA = patient global assessment; PF10a = PROMIS Physical Function Short Form 10a;  
TJC = tender joint count; SJC = swollen joint count; CRP = C-reactive protein level; ESR = erythrocyte sedimentation rate. 



PROMIS PF10A PROPERTIES IN RA BY LANGUAGE, INSURANCE, AND RACE |      929

language other than English. Most patients had Medicare (47%) 
or private insurance (40%). The mean ± SD PF10a score was 40 ± 
11, nearly 1 SD lower than the overall US population mean; about 
half had moderate or severe disease activity scores at baseline 
and the majority had received at least 1 nonbiologic DMARD 

(52%) or a biologic (43%) at baseline.
Preferred language, insurance, and racial/ethnic groups 

differed by age, disease activity, and number of comorbidities 
at baseline. Chinese speakers were on average older than 
Spanish or English speakers (68, 59, and 55 years, respec-
tively; P = 0.022). Significantly more patients with Medicaid 
coverage had moderate-severe disease activity (CDAI ≥10), 
than those with Medicare or privately insured (73%, 53%, 
41%, respectively; P < 0.001). Patients insured with Medic-
aid and African American subjects had a statistically signifi-
cantly higher median Charlson comorbidity score at baseline 
(2), than other insurance groups (all 1; P = 0.015) and other 
race/ethnicities (all 1; P < 0.001). Baseline PF10a scores 
were lower among non-English speakers, Medicaid patients, 
and African American subjects (Table 1 and Supplementary 
Table 1,  available on the Arthritis Care & Research web-
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/
abstract).

Floor and ceiling effects. Clustering at the floor was 
low, ranging from 0%–7.5% across all language, insurance, 
and racial/ethnic groups (Table  2 and Supplementary Table 

2, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23723/abstract). Similarly, ceiling effects ranged from 0% 
among Chinese speakers to 11% among privately insured 
patients.

Validity. In examining convergent and discriminant 
validity, PF10a scores were strongly correlated (r ≤ –0.60) with 
patient global assessment of RA activity in all groups except 
Chinese speakers (r = –0.52) and Medicaid patients (r = –0.53) 
(Table 2). PF10a scores also had strong correlations with pain 
in all groups except Chinese speakers (r = –0.52) and African 
American subjects (r = –0.53). Correlations between PF10a 
and clinical outcomes (SJC and TJC) were moderate (–0.3 ≥ r 
> –0.6) in most groups; Chinese speakers and Hispanic sub-
jects had weak correlations (r > –0.3) with both outcomes, 
while Spanish speakers and African American subjects had 
moderate correlations with TJC but weak correlations with 
SJC. Correlations between PF10a and inflammatory markers 
were weak or negligible among groups except English speak-
ers, white patients, and privately insured patients who had 
moderate correlations with CRP levels.

In examining known-group validity, patients who had more 
active disease (CDAI >22), had significantly lower mean PF10a 
scores, as hypothesized (Table 3). In the group dichotomized by 
disease activity (CDAI >22 versus CDAI ≤10), effect size (Cohen’s 
d) was large (>0.8) and statistically significant with respect to 
all sociodemographic variables except for Hispanic race, which 

Table  2.  Construct validity analysis, showing Spearman’s correlation coefficients between PROMIS PF10a scores and patient-reported 
outcomes, physician-assessed outcomes, and inflammatory markers among different subgroups*

Patient-reported outcomes Physician-assessed outcomes Inflammatory markers

PGA (VAS) Pain (VAS) TJC SJC CRP ESR

Language
English, n = 512 -0.71† –0.68† –0.45† –0.34† –0.31† –0.29†
Spanish, n = 43 –0.60† –0.61† –0.35† –0.24 –0.02 –0.12
Chinese, n = 40 –0.52† –0.52† –0.28 –0.19 –0.13 –0.08

Insurance
Private, n = 236 –0.72† –0.66† –0.61† –0.49† –0.33† –0.24†
Medicare, n = 281 –0.62† –0.60† –0.29† –0.17† –0.23† –0.24†
Medicaid, n = 78 –0.53† –0.61† –0.42† –0.31† –0.14 –0.14

Race/ethnicity
White, n = 297 –0.69† –0.67† –0.44† –0.33† –0.34† –0.28†
African American, n = 38 –0.62† –0.53† –0.45† –0.12 –0.04 –0.32
Hispanic, n = 38 –0.62† –0.64† –0.25 –0.05 0.05 0.08
Asian, n = 115 –0.64† –0.65† –0.40† –0.33† –0.26† –0.13
Other, n = 118 –0.69† –0.65† –0.48† –0.41† –0.14 –0.31†

* Values are Spearman’s correlation coefficients (r) with Patient-Reported Outcomes Measurement Information System Physical Function 
Short-Form 10a (PROMIS PF10a) scores. Data includes a cross-sectional sample (n = 595). r < –0.6 = strong correlation; –0.3 > r > –0.6 = 
moderate correlation; r > –0.3 = weak correlation. PGA = patient global assessment; VAS = visual analog scale; TJC = tender joint count; SJC = 
swollen joint count; CRP = C-reactive protein level; ESR = erythrocyte sedimentation rate. 
† P < 0.05. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/abstract
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had a small and nonsignificant effect size. Older patients also 
had lower mean PF10a scores compared to younger patients; 
however, differences were not clinically or statistically significant 
in most groups. As expected, younger Medicare patients had 

significantly worse physical functioning.

Responsiveness. Of the 341 patients with at least 2 
encounters, the median (interquartile range [IQR]) interval 
between visits was 126 days (IQR 97–202). Patients with 2 
encounters were divided into 3 subgroups based on whether 
they had a 12-point change in CDAI (clinical improvement, 
no change, and clinical deterioration). Mean PF10a scores 
decreased with clinical deteriorations, remained constant 
with no clinical change, and increased with clinical improve-
ments over time (Table 3 and Supplementary Table 3, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/
abstract). Mean score changes differed significantly between 
groups (P < 0.05) in all groups of language, insurance, and 
race/ethnicity except Chinese speakers, and African Ameri-
can and Asian subjects. In the improvement group, the SRM 
was large (>0.8) in English and Chinese speakers, those with 
private insurance, and white and Hispanic subjects; small 
(<0.5) in Spanish speakers and African American subjects, 
and medium (0.5–0.8) in all other groups. In the deteriora-
tion group, SRM was large or medium in all language, insur-
ance, and race/ethnicity groups with sufficient numbers for 
analysis.

Linear mixed-effects regression showed that both clin-
ical improvements and deteriorations were associated with 
changes in PF10a scores over time (P < 0.001), suggesting 
that PF10a is responsive to changes in clinical disease activ-
ity. In a model without interaction terms (Model 1), a 12-point 
increase in CDAI was associated with a 2.93-point decrease 
(95% confidence interval [95% CI] 2.06, 3.80) in PF10a, and a 
12-point decrease in CDAI was associated with a 2.70 point 
increase (95% CI 2.00, 3.41) in PF10a scores. We constructed 
3 additional models (Model 2–4), incorporating an interaction 
term between CDAI and either language, insurance, or race/
ethnicity. Model 2 showed that PF10a is more responsive to 
clinical deteriorations among Chinese speakers than English 
speakers (a 12-point increase in CDAI was associated with a 
5.96-point decrease in PF10a among Chinese speakers and 
a 2.92-point decrease in PF10a among English speakers; all 
P = 0.036) (Table 4, Figure 2a). The PF10a was less respon-
sive to clinical improvements among Spanish speakers than 
English speakers (a 12-point decrease in CDAI was associated 
with a 0.67-point increase in PF10a among Spanish speak-
ers and a 3.08-point increase in PF10a among English speak-
ers; P = 0.029). Among Chinese speakers, PF10a appeared 
to be more responsive to clinical deteriorations than clinical 
improvements, although this shift in responsiveness was not 
statistically significant (P = 0.065). Model 3 showed highest 
sensitivity to changes in disease activity among individuals 
with private insurance. The responsiveness of the PROMIS 

Table 3.  Known-group validity for PF10a using Cohen’s d effect size*

Age <50 
years

Age ≥65 
years

Difference in 
mean PF10a† 

Cohen’s 
d‡

CDAI 
≤10†

CDAI 
>22†

Difference in 
mean PF10a† 

Cohen’s 
d‡

Language
English 176 155 2.5§ 0.24§ 263 113 13.3§ 1.44§ 
Spanish 9 18 6.6 0.69 18 13 11.6§ 1.21§
Chinese 3 26 4.2 0.44 11 9 10.9§ 0.95§

Insurance 
Private 131 12 6.1§ 0.64§ 140 50 16.5§ 2.15§
Medicare 22 184 –6.0§ –0.59§ 131 55 9.9§ 1.04§
Medicaid 35 3 –8.6 –1.00 21 30 9.6§ 1.06§

Race/ethnicity
White 94 94 2.3 0.23 161 54 13.3§ 1.49§
African American 6 16 0.8 0.07 15 10 9.9§ 0.96§
Hispanic 12 3 0.9 0.09 13 6 5.3 0.48
Asian 28 50 6.6§ 0.64§ 47 28 13.6§ 1.37§
Other 48 36 3.8 0.36 56 37 13.7§ 1.50§

* Values are the number of patients unless indicated otherwise. Data include a cross-sectional sample (n = 595). PF10a = Physical Function 
Short-Form 10a; CDAI = Clinical Disease Activity Index. 
† Difference between mean PF10a among those ages <50 years compared to those ages ≥65 years or among those with CDAI ≤10 compared 
to those with CDAI >22. 
‡ Difference in mean scores divided by the pooled SD; effect size (Cohen’s d) values are categorized as small (<0.5), medium (0.5–0.8), or 
large (>0.8). 
§ P < 0.05 using Student’s t test; for Cohen’s d, 95% confidence intervals do not cross 0. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23723/abstract
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PF10a to clinical deteriorations was lower among patients with 
Medicare (–1.62; P < 0.001) and Medicaid (–1.79; P = 0.005) 
than privately insured patients (–5.33) (Figure 2B). Responsive-
ness to clinical improvements was also lower among Medicaid 
patients than privately insured patients (0.70 versus 3.63; both 
P = 0.005). Model 4 showed highest responsiveness to clin-
ical deteriorations among Asian subjects (–3.49) and highest 
responsiveness to clinical improvements among white subjects 
(3.41). Differences in responsiveness to clinical improvements 
or deteriorations between white and nonwhite subjects did not 
reach statistical significance. In all models, consistent results 
were obtained after adjustment for age, sex, BMI, smoking, 
baseline medications, baseline total Charlson comorbidities 

index and CRP level (data not shown).

DISCUSSION

Consistent with prior research, PF10a has strong mea
surement properties and is responsive to longitudinal changes 
in disease activity among English speakers and white and pri-
vately insured patients. However, our study highlights important 
differences across racial/ethnic groups and in those with limited 
English proficiency.

Impressively, PF10a scores were recorded for 98% of eli-
gible patients at 89% of encounters, even among those with 
non-English language proficiency. This finding demonstrates 
that PF10a can be collected efficiently and consistently over a 
prolonged period in a busy clinic that provides care to a diverse 
community. Fewer ceiling effects were noted in this clinical sam-
ple than in some research samples (22). Given that floor and 
ceiling effects were below the commonly accepted criteria of 
15% (43) across all categories of language, insurance, and race/
ethnicity, the PF10a seems both practical and acceptable for 
use in a general practice setting.

In our evaluations of convergent and discriminant validity, 
PF10a scores generally correlated strongly with other PROs, 
moderately with clinical measures, and weakly with laboratory 
measures. Although findings are consistent with prior research 
(8,9) and reflective of the instrument’s convergent and discriminant 
validity, we observed some deviations among language, insurance, 
and race/ethnicity groups. Most notably, non-English speakers and 
Hispanic and African American subjects had weaker correlations 
between PF10a scores and clinical outcomes such as the TJC 
and SJC. While some of these correlations may have been limited 
by small samples, unraveling the contributions of other factors 
that may contribute to these findings is important. Some literature 

Table 4.  Effect of language preference, insurance status, and race/ethnicity on responsiveness of PF10a to changes in clinical disease activity*

Clinical improvement 
(12-point decrease in CDAI)

Clinical deterioration 
(12-point increase in CDAI)

Change in PF10a 
score (β)† 95% CI P‡ 

Change in PF10a 
score (β)† 95% CI P‡

Model 2
Language

English (Ref.) 3.08 2.31, 3.86 Ref. –2.92 –3.93, –1.92 Ref.
Spanish 0.67 –1.37, 2.70 0.029 –0.83 –3.10, 1.44 0.098
Chinese 1.84 –0.73, 4.42 0.363 –5.96 –8.61, –3.31 0.036

Model 3
Insurance

Private 3.63 2.59, 4.66 Ref. –5.33 –6.74, –3.92 Ref.
Medicare 2.21 1.17, 3.25 0.055 –1.62 –2.91, –0.34 <0.001
Medicaid 0.70 –1.27, 2.67 0.005 –1.79 –3.80, 0.22 0.005

Model 4
Race/ethnicity

White (Ref.) 3.41 2.37, 4.44 Ref. –2.96 –4.41, –1.51 Ref.
African American 2.47 –0.17, 5.12 0.520 –0.77 –4.36, 2.82 0.268
Hispanic/Latino 2.79 –0.24, 5.82 0.708 –2.81 –5.99, 0.37 0.934
Asian 1.50 –0.12, 3.14 0.052 –3.49 –5.15, –1.82 0.636
Other 2.36 0.95, 3.78 0.241 –2.92 –4.74, –1.09 0.974

* Data include a longitudinal cohort (n = 341; encounters = 1,546). Results are from the linear mixed-effects regression and adjusted for 
baseline Physical Function Short-Form 10a (PF10a) score and time. Models 2, 3, and 4 incorporate interaction terms between changes in the 
Clinical Disease Activity Index (CDAI) score (from previous visit) and preferred language, insurance status, or race/ethnicity, respectively. 95% 
CI = 95% confidence interval; Ref. = reference.  
† Magnitude of change in PF10a score. 
‡ Value for statistical significance of effect modification by non-English language, nonprivate insurance, or nonwhite race. 
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suggests that a higher prevalence of depression and chronic pain 
in some populations may hinder correlations between patient- 
and physician-reported outcomes in RA (22,27,44). Further, we 
found that Medicaid patients had weaker correlations between 
PF10a and patient global assessment of RA disease activity. 
Median baseline comorbidity scores were significantly higher 
among Medicaid patients than patients with private insurance. 
Since PF10a items are generic and do not specifically address 
RA-related impairments in physical functioning (45), weaker 
correlations between PF10a and patient global assessment may 
be attributed to non-RA comorbidities that were more prevalent 
among Medicaid patients.

Known-group differences by disease activity largely per-
formed as hypothesized. A smaller effect size observed among 
Hispanics is likely the result of weak correlations between PF10a 
and clinical measures among this group, coupled with small 

sample sizes. Known-group differences by age did not perform 
as hypothesized and PF10a score differences among those <50 
years compared to those ≥65 years were mostly small or not sta-
tistically significant. PF10a scores demonstrated in our study were 
better than expected among older individuals (data not shown), 
which may indicate a response-shift that is reflective of how 
patients adapt to and report their level of physical functioning over 
time. Response-shifts occur as patients recalibrate as they learn 
to live with RA. For instance, some patients with RA have reported 
that when they record a score of “0” on a questionnaire, this does 
not necessarily represent the absence of a symptom, but instead 
reflects a new baseline of “what is normal for me” (46).

SRMs, which were obtained in our evaluations of respon-
siveness, showed that the PF10a captured expected change 
and stability in scores across language, insurance, and race/
ethnicity groups with sufficient numbers for analysis. While 

Figure 2.  Linear mixed-effects regression models showing the effect of language and insurance status on the Physical Function Short Form 
10a (PF10a) responsiveness to clinical improvements and deteriorations over time. CDAI = Clinical Disease Activity Index. 



PROMIS PF10A PROPERTIES IN RA BY LANGUAGE, INSURANCE, AND RACE |      933

another approach to evaluating responsiveness relies on patient 
self-reported change anchors obtained at a fixed time point, this 
was not possible in our retrospective analysis of clinical data. 
Mixed-effects modeling has been used previously to assess 
longitudinal responsiveness of a measure (47) and was used to 
model the relationship between changes in CDAI and changes 
in PF10a score. Among our entire eligible clinic population, we 
found that a 12-point increase in CDAI was associated with a 
2.93-point decrease in PF10a, and a 12-point decrease in CDAI 
was associated with a 2.70-point increase in PF10a. Impor-
tantly, these findings are quantitatively consistent with prior 
evaluations of the responsiveness of PROMIS physical function 
measures anchored by deteriorations in clinical disease activity 
(9) or using patient-reported change anchors (7). However, we 
found that PF10a responsiveness to clinical improvements and 
deteriorations varied among population subgroups and was 
most notably influenced by insurance type and language pref-
erence. Patients with Medicaid coverage had worse baseline 
RA disease activity. Worse general health states among non-
English speakers and low socioeconomic groups have been 
described previously (48). One possible explanation for poor 
responsiveness of the PF10a to clinical improvements among 
Medicaid patients and Spanish speakers may be average time 
spent in ill-states (11). It is possible that patients underreport 
their physical function during periods of clinical improvement 
because they reference their usual state rather than their 
improved state. Future research should examine responsive-
ness of the PF10a among non-English speakers and low soci-
oeconomic groups to patient-reported change using validated 
change anchors. Responsiveness may also be dependent upon 
patients’ physical functioning at baseline. Spanish speakers, 
Medicaid patients, and African American subjects had small 
PF10a score changes in response to CDAI worsening because 
their baseline PF10a scores were already poor and could not 
deteriorate much more (22).

Strengths of our study include representation of RA patients 
across the spectrum of RA disease activity, and inclusion of data 
from a large, real-world cohort. However, our study has some 
limitations. First, we were not able to examine individual item 
characteristics of the PF10a, which might inform internal con-
sistency of items across language, insurance, and race/ethnicity 
groups. Second, the use of the CDAI as an anchor for changes 
in clinical disease activity may have introduced incorporation bias 
because of strong correlations between the PF10a score and 
patient global assessment, which is a component of the CDAI. 
Incorporation bias occurs when a reference standard is used 
that incorporates some of the test that is the subject of investi-
gation. The result is a bias toward stronger associations between 
the PF10a and the CDAI among subgroups in whom the PF10a 
is strongly correlated with patient global assessment. However, 
correlations between the PF10a and patient global assessment 
varied only slightly among our population subgroups, making 

incorporation bias less likely in this study. Finally, sample size 
was modest among non-English speakers and nonwhite sub-
jects, and we were underpowered to examine these subgroups 
in some analyses.

In order to optimize RA treatment, reliable, precise, and 
accurate measurement of symptoms and functional status 
across the continuum of disease activity has never been more 
important, given that remission or low disease activity is the 
current target for management (2,49). While ongoing efforts 
are in place to investigate the cross-cultural validity of PROMIS 
measures, our study is, to our knowledge, the first to evaluate 
the validity and responsiveness of a PROMIS measure across 
different languages, races/ethnicities, and insurance groups in 
a real-world clinic population and serves as an important step 
in the ongoing evaluation of the PROMIS Physical Function 
item bank. Our study demonstrated constructs evaluated by 
the PF10a were less correlated with clinical measures among 
Chinese speakers and Hispanic subjects, and less sensitive to 
clinical improvements among Medicaid patients and Spanish 
speakers.
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Biopsy-Proven Small-Fiber Neuropathy in Primary Sjögren’s 
Syndrome: Neuropathic Pain Characteristics, Autoantibody 
Findings, and Histopathologic Features
Julius Birnbaum, Aliya Lalji, Aveen Saed, and Alan N. Baer

Objective. Painful small-fiber neuropathies (SFNs) in primary Sjögren’s syndrome (SS) may present as pure or 
mixed with concurrent large-fiber involvement. SFN can be diagnosed by punch skin biopsy results that identify de-
creased intra-epidermal nerve-fiber density (IENFD) of unmyelinated nerves.

Methods. We compared 23 consecutively evaluated patients with SS with pure and mixed SFN versus 98 pa-
tients without SFN. We distinguished between markers of dorsal root ganglia (DRG) degeneration (decreased IENFD 
in the proximal thigh versus the distal leg) versus axonal degeneration (decreased IENFD in the distal leg versus the 
proximal thigh).

Results. There were no differences in pain intensity, pain quality, and treatment characteristics in the comparison 
of 13 patients with pure SFN versus 10 patients with mixed SFN. Ten patients with SFN (approximately 45%) had 
neuropathic pain preceding sicca symptoms. Opioid analgesics were prescribed to approximately 45% of patients 
with SFN. When compared to 98 patients without SFN, the 23 patients with SFN had an increased frequency of male 
sex (30% versus 9%; P < 0.01), a decreased frequency of anti–Ro 52 (P = 0.01) and anti–Ro 60 antibodies (P = 0.01), 
rheumatoid factor positivity (P < 0.01), and polyclonal gammopathy (P < 0.01). Eleven patients had stocking-and-
glove pain, and 12 patients had nonstocking-and-glove pain. Skin biopsy results disclosed patterns of axonal (16 
patients) and DRG injury (7 patients).

Conclusion. SS SFN had an increased frequency among male patients, a decreased frequency of multiple anti-
bodies, frequent treatment with opioid analgesics, and the presence of nonstocking-and-glove pain. Distinguishing 
between DRG versus axonal injury is significant, especially given that mechanisms targeting the DRG may result in 
irreversible neuronal cell death. Altogether, these findings highlight clinical, autoantibody, and pathologic features 
that can help to define mechanisms and treatment strategies.

INTRODUCTION

Small-fiber neuropathies (SFNs) in patients with primary 
Sjögren’s syndrome (SS) target nociceptive thinly myelinated 
Aδ and unmyelinated C-fiber nerves and are frequently asso-
ciated with burning and allodynic pain (1–3). Pure SFNs in SS 
may occur without concurrent large-fiber involvement, and 
may therefore be associated with normal nerve-conduction 
findings. In addition, previous studies have demonstrated that 
up to 45% of patients with SS may present with mixed SFNs 
associated with large-fiber involvement on nerve conduction 
studies (4).

Measurement of decreased intra-epidermal nerve-fiber density 
(IENFD) of unmyelinated nerves in punch skin biopsy specimens 
is a well-validated and highly reproducible diagnostic biomarker of 
SFN (5–8). Other tests to diagnose SFN in SS require more inva-
sive approaches (i.e., sural-nerve biopsies), may be associated with 
high interoperator and interpatient variability (i.e., quantitative sen-
sory testing) (3), or have not been widely validated in other disease 
states (i.e., laser evoked potentials).

Furthermore, skin biopsy results can discriminate between 
patterns of axonal versus dorsal root ganglia (DRG) degeneration 
(4,9–13). Despite these advantages, there have been few studies 
reporting on characteristics of patients with SS with SFN docu-
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mented by skin biopsy results. Clinicians who care for patients 
with SS SFN should recognize these highly characteristic clini-
cal and skin-biopsy findings. Therefore, in this study of a well-
characterized cohort of 23 patients with SS with biopsy-proven 
SFN, we report on clinical features of neuropathic pain and skin 
biopsy findings, and compare demographic and immunologic fea-
tures to those of 98 patients with SS without SFN.

PATIENTS AND METHODS

Study type. This was a cross-sectional, single-institution 
cohort of patients with SS enrolled between the years 2008 and 
2015. All patients provided informed written consent to partic-
ipate, and the study methods were approved by the Johns 
Hopkins Institutional Review Board. All patients were referred to 
the Jerome L. Greene Sjögren’s Syndrome Center at Johns Hop-
kins. The center includes a neuro-rheumatology clinic, which is 
dedicated to patients affected by neurologic complications of this 
disease. Therefore, patients with SS with SFN were evaluated in 
this setting by 1 of the study authors (JB), who is board-certified 
as a neurologist and a rheumatologist. Patients with SS without 
initial suspicion of neuropathies were evaluated by the primary 
study rheumatologist (ANB). Among this subset, patients could 
subsequently undergo evaluation for a neuropathy if there was 
clinical suspicion. The patients with SFN included 2 patients ini-
tially evaluated by the study rheumatologist. Altogether, the study 
cohort consisted of 23 patients with SFN and 98 without SFN.

Inclusion and exclusion criteria. SS was defined by 
the revised 2002 American-European Consensus Group classi-
fication criteria (14), given that patients could be enrolled before 
publication of the 2012 American College of Rheumatology (ACR) 
or 2016 ACR/European League Against Rheumatism (EULAR) 
classification criteria for SS (15,16). Patients were diagnosed as 
having SFN based on an abnormal IENFD from punch skin biopsy 
results, as described below.

We excluded 19 patients for the following reasons: 4 with 
secondary SS, including systemic lupus erythematosus (2 
patients) and sarcoidosis (2 patients); 6 with a comorbid disorder 
that is known to be associated with SFN, including diabetes (3 
patients), vitamin B12 deficiency (1 patient), chemotherapy expo-
sure to paclitaxel (1 patient), and varicella zoster virus re-activation 
(1 patient); and 9 with clinical characteristics of SFN who did not 
have skin biopsy studies, either due to loss of follow-up or to 
patient preference.

Serologic assays. Antibody assays for anti–Ro 52, anti–
Ro 60, and anti-La/SSB antibodies were performed by the 
Johns Hopkins Rheumatic Disease Research Core Center, as 
previously described (17). Other assays were performed by the 
hospital or commercial laboratories.

Performance of punch skin biopsy. Skin biopsy was 
performed according to a standardized technique (5,6). Briefly, 
skin biopsy specimens were obtained using a 3-mm punch from 
2 standardized sites, one 10 cm above the lateral malleolus and 
one from the proximal lateral thigh (5,6). Determination of the 
IENFD was performed on 50-μm frozen sections after immuno
staining axons against the panaxonal protein PGP 9.5.

Evaluation of peripheral nerve status. Peripheral 
nerve status was characterized with a validated neuropathic 
pain symptom questionnaire, neurologic examination, nerve-
conduction studies to assess large myelinated alpha-beta fib-
ers, and punch skin biopsy results to assess IENFD. The Self-
Administered Leeds Assessment of Neuropathic Symptoms 
and Signs (S-LANSS) pain scale was used (18). Although vali-
dated as a scale to help distinguish between nociceptive versus 
neuropathic pain (18), the S-LANSS provides a 7-item profile 
of neuropathic descriptors that are frequently used by patients 
with SFN. Patients report on the presence of burning, pins-
and-needles, shock-like sensations, sensitivity to touch, mot-
tling, tenderness upon pressure, and worsening of pain upon 
rubbing. The neurologic evaluation assessed for weakness, 
hyporeflexia/arreflexia, sensory ataxia, and abnormal sensory 
data suggestive of large-fiber findings (i.e., decreased vibra-
tion and proprioception) or small-fiber findings (i.e., decreased 
pinprick and thermal sensation). All patients underwent nerve-
conduction studies (evaluation for large-fiber neuropathy) and 
skin biopsy (evaluation for SFN).

Ascertainment of pure and mixed SFN. A diagno-
sis of pure SFN was based on a combination of supportive 
symptoms and examination findings of small-fiber impair-
ment (as described above), normal nerve-conduction studies, 
and decreased IENFD on skin biopsy studies. As previously 
described in patients with SS (4), we additionally identified 
patients as having mixed SFN (with large-fiber involvement) 

SIGNIFICANCE & INNOVATIONS
•	 Patients with primary Sjögren’s syndrome (SS) with 

small-fiber neuropathies (SFNs) had an increased 
frequency of male sex and a decreased frequency 
of multiple autoantibodies, compared to patients 
without neuropathy.

•	 Opioid analgesics were frequently used to treat pa-
tients with SS with SFN.

•	 Whereas the majority of patients with SFN with 
length-dependent pain (i.e., stocking-and-glove dis-
tribution) had punch skin biopsy markers of axonal 
degeneration, patients with nonlength-dependent 
pain (i.e., proximal, patchy, diffuse) were equally 
likely to have skin biopsy markers of dorsal root 
ganglia or axonal degeneration.
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if concurrently presenting with abnormal nerve-conduction 
studies. To investigate whether differences existed between 
pure and mixed SFN, we compared demographic, clinical 
(neuropathic pain intensity, pain quality, and treatment charac-
teristics), and immunologic features.

Evaluation of skin biopsy findings. Biopsy-proven SFN 
was diagnosed when the IENFD was less than the fifth percen-
tile of normative controls established by our Cutaneous Nerve 
Laboratory, when assessed at the proximal thigh and/or distal 
leg (6–8). We used the results of the paired skin biopsies from 

Table 1.  Characteristics of Sjögren’s syndrome patients with small-fiber neuropathy (SFN)*

Variable
Cohort 
(n = 23)

Pure SFN 
(n = 13)

Mixed SFN 
(n = 10) P

Age at sicca onset, mean ± SD years 44.0 ± 13.2 38.8 ± 10.3 50.8 ± 14.0 0.03
Age at neuropathic pain onset, mean ± SD years 45.0 ± 13.9 38.3 ± 11.0 56.9 ± 11.5 <0.01
Women 69.6 (16/23) 61.5 (8/13) 80.0 (8/10) 0.41
Ethnicity 0.33

White 73.9 (17/23) 76.9 (10/13) 70.0 (7/10) –
African American 17.4 (4/23) 23.1 (3/13) 10.0 (1/10) –
Asian 8.7 (2/23) 0.0 (0/13) 20.0 (2/10) –

Neuropathic pain before onset of sicca 43.5 (10/23) 38.5 (5/13) 50.0 (5/10) 0.68
Onset of neuropathic pain† 0.72

Acute 17.4 (4/23) 23.1 (3/13) 10.0 (1/10) –
Subacute 21.7 (5/23) 15.4 (2/13) 30.0 (3/10) –
Chronic 60.9 (14/23) 61.5 (8/13) 60.0 (6/10) –

Pain intensity, median (IQR)‡ 6.0 (5) 7.0 (3) 5.0 (5.0) 0.80
Neuropathic pain descriptors

Burning 91.3 (21/23) 100.0 (13/13) 80.0 (8/10) 0.18
Pins-and-needles 87.0 (20/23) 76.9 (10/13) 100.0 (10/10) 0.23
Shock-like sensations 65.2 (15/23) 53.8 (7/13) 80.0 (8/10) 0.38
Sensitivity to touch 60.9 (14/23) 53.8 (7/13) 70.0 (7/10) 0.67
Mottling 43.5 (10/23) 53.8 (7/13) 30.0 (3/10) 0.40
Tenderness upon pressure 39.1 (9/23) 23.1 (3/13) 60.0 (6/10) 0.10
Worsening pain upon rubbing 47.8 (11/23) 38.5 (5/13) 60.0 (6/10) 0.41

Antibody status
Antinuclear antibody ≥1:320 47.8 (11/23) 38.5 (5/13) 60.0 (6/10) 0.41
Anti–Ro 52 69.6 (16/23) 69.2 (9/13) 70.0 (7/10) 1.00
Anti–Ro 60 52.2 (12/23) 33.3 (4/13) 80.0 (8/10) 0.04
Anti-La/SSB 26.1 (6/23) 15.4 (2/13) 40.0 (4/10) 0.34
Rheumatoid factor 26.1 (6/23) 15.4 (2/13) 40.0 (4/10) 0.34
Polyclonal gammopathy 13.0 (3/23) 7.7 (1/13) 20.0 (2/10) 0.56
Positive lip biopsy 50.0 (8/16) 50.0 (5/10) 50.0 (3/6) 1.00

Medications prescribed prior to SFN evaluation
Polysymptomatic ≥2 medications 78.3 (18/23) 76.9 (10/13) 80.0 (8/10) 1.00
No. of medications tried, median (IQR) 3 (2) 4 (3) 2 (1) 1.00
Antiepileptic drugs 82.6 (19/23) 46.9 (10/13) 90.0 (9/10) 0.60
Tricyclic antidepressants 8.7 (2/23) 7.7 (1/13) 10.0 (1/10) 1.00
Selective serotonin reuptake inhibitors 17.4 (4/23) 7.7 (1/13) 30.0 (3/10) 0.28
Serotonin-norepinephrine reuptake inhibitor 43.5 (10/23) 53.9 (7/13) 30.0 (3/10) 0.40
Opioid analgesics 43.5 (10/23) 61.5 (8/13) 20.0 (2/10) 0.09
Corticosteroids 13.0 (3/23) 23.1 (3/13) 0.0 (0/10) 0.23

* Values are the percentage (number/total number) unless indicated otherwise. IQR = interquartile range. 
† Acute = <1 week to the worst point, subacute = <1 month to the worst point, chronic = >1 month to the worst point. 
‡ VAS (range 0–10). 
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each patient to distinguish between patterns of injury sugges-
tive of DRG versus axonal degeneration (4,9–13). IENFD that is 
reduced or disproportionately decreased at the distal leg versus 
the proximal thigh is consistent with axonal degeneration (i.e., 
dying-back axonopathy). In contrast, IENFD that is decreased in 
the proximal thigh, or is more disproportionately reduced at the 
proximal thigh compared to the distal leg, is consistent with a 
primary pattern of DRG injury (4,9–13).

Neuropathic pain treatment. Patients often had diffi-
culty remembering the start and stop dates of previously pre-
scribed medications. Therefore, we defined cumulative treat-
ment with medications as a situation in which patients recalled 
>1 month duration of therapy, at any time during their prior 
treatment course.

Statistical analysis. We first compared demographic, 
clinical, immunologic, and treatment characteristics of patients 
with pure versus mixed SFN. Differences were assessed by 
Student’s t-test or Wilcoxon’s rank sum test for continuous 
variables and by Fisher’s exact test or chi-square analyses for 
categorical variables. We subsequently compared the combined 
group of 23 patients with SS with both pure and mixed SFN, 
versus the 98 patients with SS without neuropathy. To determine 
which among various patient factors were the most predictive 
of SFN, we used logistic regression with backwards covariate 
selection. We applied logistic regression to patients’ SFN sta-
tus, removing 1 factor at a time, until all covariates included in 
the model were significant, with a P value of less than 0.20. We 
expected that some factors would be strongly related to each 
other, especially the presence of autoantibodies, making this 
selection process critical for determining which among these 
predictive factors was marginally the most important. Secondary 
comparator groups included pure SFN versus mixed SFN. For 
all analyses, P values less than 0.05 (2-tailed) were considered 
statistically significant. The data analysis was performed using 
Stata software, version 11.0 (19).

RESULTS

Characteristics of patients with SS. Table 1 shows the 
neuropathic pain characteristics (intensity of pain, presence of 
neuropathic pain descriptors, acuity of neuropathic pain onset), 
demographic features, autoantibody features, and prior treatment 
regimens for the patients with SS with SFN. Table 2 individually 
lists these characteristics for each patient.

There were 23 patients with SS SFN, including 13 with 
pure SFN and 10 with mixed SFN. For these 23 patients, 
the mean ± SD age at onset of sicca symptoms was 44.0 ± 
13.2 years, and there were 16 women (69.6%) and 17 white 
patients (73.9%). In 10 patients (43.5%), SFN symptoms 
antedated sicca symptoms by a median of 5.5 (interquartile 

range [IQR] 9.8) years. Among these 10 patients, there were 4 
patients (40%) who presented with SFN symptoms antedating 
sicca symptoms by more than a decade. The median interval 
between onset of neuropathic pain symptoms and diagnosis 
was 4.4 (IQR 7) years. The median intensity of neuropathic pain 
was 6.0 (IQR 5) on a 0–10 numeric rating scale assessed over 
the past week (where 0 = no pain and 10 = pain as severe as 
it could be). Onset of neuropathic pain was reported as acute 
(<1 week to nadir) in 4 patients (17.4%), subacute (<1 month to 
nadir) in 5 patients (21.7%), and chronic (>1 month to nadir) in 
14 patients (60.9%). Symptom descriptors from the S-LANSS 
included burning in 21 patients (91.3%), pins-and-needles 
in 20 patients (87.0%), shock-like sensations in 15 patients 
(65.2%), sensitivity to touch in 14 patients (60.9%), mottling 
in 10 patients (43.5%), tenderness upon pressure in 9 patients 
(39.1%), and worsening of pain upon rubbing in 11 patients 
(47.8%).

In a comparison of the patients with pure versus mixed SFN, 
Table 1 shows that patients with pure SFN were younger at the 
age of onset of sicca symptoms (mean ± SD 38.8 ± 10.3 years 
versus 50.8 ± 14.0 years; P = 0.03), and at the age of onset of 
neuropathic pain (mean ± SD 38.3 ± 11.0 years versus 56.9 ± 
11.5 years; P < 0.01). There were no differences in frequency of 
female sex and white race. Similarly, there were no statistically 
significant differences with regard to neuropathic pain symp-
toms, intensity, or acuity of onset. Additionally, patients with pure 
and mixed SFN did not differ with regard to most immunologic 
characteristics, including frequencies of antinuclear antibody 
≥1:320, anti–Ro 52 and anti-La/SSB antibodies, rheumatoid 
factor positivity, polyclonal gammopathy, and positive lip biopsy 
results. Patients with pure SFN did have a lower frequency of 
anti–Ro 60 antibodies (33.3% [4 of 13] versus 80.0% [8 of 10]; 
P = 0.04).

Table  2 further shows patterns of neurologic examina-
tion and nerve-conduction findings. As shown, 4 patients had 
concurrent large-fiber sensory neuropathies (patients 17, 19, 
20, and 21) and presented with arreflexia, positive Romberg 
test, gait ataxia, and absent sensory nerve action potentials 
(SNAPs). Four patients (patients 1, 8, 9, and 15) had nerve-
conduction studies consistent with symmetric axonal sensori-
motor polyneuropathies. However, none of these 4 patients had 
detectable weakness on examination, indicating that involve-
ment of motor nerves was subclinical. One patient (patient 3) 
had an axonal sensory polyneuropathy with large-fiber deficits 
and decreased sural SNAPs. One patient (patient 6) had pre-
sented with a mononeuritis multiplex 7 years previously, was 
treated with cyclophosphamide for 3 months, had resolution of 
lower-extremity dysesthesias and partial recovery of right foot 
drop (2 of 5 on the Medical Research Council Scale), and for 
more than 6 years had no new neurologic symptoms until the 
onset of bilateral burning foot pain 1 year prior to the current 
evaluation.
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Table 2.  Initial presentation of 23 Sjögren’s syndrome patients with small-fiber neuropathy*

Demographics
Symptoms, 

duration
Neuropathic pain, characteris-

tics, abnormal findings Nerve conduction studies
Acuity of 

onset
Pain 

severity†
Peripheral neu-
ropathy, therapy

Patient 1: age 
41 years, F, 
Asian

2 years LD distal legs; pins-and-
needles; sensitivity to 
touch; shock-like sensa-
tions; burning; tenderness 
upon pressure; Vib-L‡, 
JP-L‡; PT reduced

Axonal sensorimotor 
polyneuropathy; 
SNAPs: sural: absent; 
median: reduced, 
9–8μV; ulnar: reduced, 
4–5μV; CMAPs: 
peroneal: reduced; 
tibial: reduced

Subacute 4 Gabapentin 

Patient 2: age 
47 years, F, 
white

3 years LD distal feet; pins-and-
needles; mottling; sensitiv-
ity to touch; shock-like 
sensations; burning; PT 
reduced

Normal Chronic 2 None

Patient 3: age 
72 years, F, 
white

2 years LD legs and fingers; pins- 
and-needles; Vib-L§; PT 
reduced hyporeflexia 
(Achilles)

Axonal sensory neuropa-
thy; SNAPs: sural: 
reduced, 3μV

Acute 9 Gabapentin; 
fentanyl

Patient 4: age 
42 years, M, 
AA

2 years LD distal feet; burning; PT 
reduced 

Normal Chronic 4 Pregabalin; 
oxycodone

Patient 5: age 
51 years, M, 
white

32 years LD distal feet; mottling; 
sensitivity to touch; 
burning; worsening of pain 
upon rubbing; Vib-L§; PT 
reduced

Normal Acute 7 Gabapentin; 
prednisone ≥10 
mg/day IVIG

Patient 6: age 
66 years, M, 
white

1 year LD distal legs; pins-and-
needles; sensitivity to 
touch; shock-like sensa-
tions; burning; worsening of 
pain upon rubbing; 
tenderness upon pressure; 
weakness of tibialis 
anterior; on right 2/5 on 
MRC scale; Vib-L§, JP-L‡; PT 
reduced; areflexia (Achilles, 
patellar)

Asymmetric axonal 
sensorimotor 
polyneuropathy; 
SNAPs: sural: absent; 
ulnar: reduced (right); 
CMAPs: peroneal: 
reduced (right)

Chronic 10 Gabapentin; 
escitalopram 

Patient 7: age 
60 years, M, 
white

20 years LD arms and legs; pins-and-
needles; mottling; shock-
like sensations; burning; 
worsening of pain upon 
rubbing; tenderness upon 
pressure; Vib-L¶, Vib-U¶, 
JP-L§; PT reduced; hypore-
flexia (Achilles)

Normal Chronic 5 Gabapentin; 
pregabalin; 
venlafaxine; 
escitalopram; 
oxycodone; 
fentanyl

Patient 8: age 
63 years, M, 
white

5 years LD distal feet; pins-and-
needles; sensitivity to 
touch; worsening of pain 
upon rubbing; Vib-L§; PT 
reduced

Axonal sensorimotor 
polyneuropathy; 
SNAPs: sural: reduced, 
2μV; CMAPs: peroneal: 
reduced

Chronic 4 Gabapentin; 
fentanyl 

Patient 9: age 
75 years, F, 
white

2 years LD distal legs; pins-and-
needles; sensitivity to 
touch; shock-like sensa-
tions; burning; worsening of 
pain upon rubbing; 
tenderness upon pressure; 
Vib-L‡, JP-L‡; PT reduced

Axonal sensorimotor 
polyneuropathy; 
SNAPs: sural: reduced, 
3–4μV; median: 
reduced, 4μV; ulnar: 
reduced; CMAPs: 
peroneal: absent; tibial: 
reduced

Chronic 5 Pregabalin; 
duloxetine; 
oxycodone; 
mycophenolate

(continued)
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Demographics
Symptoms, 

duration
Neuropathic pain, characteris-

tics, abnormal findings Nerve conduction studies
Acuity of 

onset
Pain 

severity†
Peripheral neu-
ropathy, therapy

Patient 10: age 
53 years, F, 
AA

3 years LD legs and fingers; pins-and-
needles; sensitivity to 
touch; shock-like sensa-
tions; burning; tenderness 
upon pressure; PT reduced 

Normal Chronic 10 Gabapentin; 
pregabalin; 
duloxetine; 
morphine 
sulfate

Patient 11: age 
60 years, F, 
white

13 years LD distal feet; pins-and-
needles; mottling; shock-
like sensations; burning; PT 
reduced

Normal Chronic 8 Gabapentin; 
escitalopram; 
hydrocodone; 
cyclophospha-
mide

Patient 12: age 
40 years, F, 
white

25 years NLD face, arms, legs; pins-
and-needles; mottling; 
sensitivity to touch; 
burning; worsening of pain 
upon rubbing; Vib-L¶, JP-L‡, 
JP-U§; PT reduced

Normal Chronic 6 Gabapentin; 
pregabalin; 
venlafaxine; 
oxycodone; 
fentanyl 

Patient 13: age 
40 years, M, 
white

2 years NLD distal feet and proximal 
thighs; pins-and-needles; 
mottling; sensitivity to touch; 
shock-like sensations; 
burning; worsening of pain 
upon rubbing; PT reduced; 
hyporeflexia (Achilles)

Normal Chronic 4 Prednisone <10 
mg/day

Patient 14: age 
43 years, F, 
white

11 years NLD thighs and feet; pins-
and-needles; burning; PT 
reduced

Normal Chronic 7 Pregabalin; 
gabapentin; 
duloxetine; 
amitriptyline; 
carbamaze-
pine; opioid 
analgesics; 
prednisone ≥10 
mg/day

Patient 15: age 
42 years, F, 
white

6 years NLD chest, back, hands and 
feet; pins-and-needles; 
shock-like sensations; 
burning; PT reduced

Axonal sensorimotor 
polyneuropathy; 
SNAPs: sural: absent; 
median: absent; ulnar: 
absent; CMAPs: 
peroneal: absent; tibial: 
reduced, 0.1mV

Chronic 7 Pregabalin; 
duloxetine; 
topiramate; 
hydrocodone 
as needed

Patient 16: age 
60 years, F, 
white

22 years NLD face and legs; shock-like 
sensations; burning; Vib-L‡; 
PT reduced

Normal Acute 4 Gabapentin; 
duloxetine; 
oxycodone; 
rituximab

Patient 17: age 
55 years, F, 
Asian

2 years NLD face, arms, legs; pins-and- 
needles; burning; mottling; 
shock like sensations; 
tenderness upon pressure; 
Vib-L¶; PT reduced; areflexia 
(Achilles, patellar); Romberg/
sensory ataxia

Sensory neuronopathy; 
SNAPs: sural: absent; 
median: absent; ulnar: 
absent; radial: absent

Subacute 1 Gabapentin; 
sertraline

Patient 18: age 
40 years, M, 
white

2 years NLD part of face, patchy 
thighs, legs; pins-and-
needles; mottling; burning; 
sensitivity to touch; 
worsening of pain upon 
rubbing; tenderness upon 
pressure; PT reduced; 
hyporeflexia (Achilles)

Normal Acute 9 Gabapentin; 
milnacipran; 
fentanyl

Table 2.  (cont’d)

(continued)
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Prior treatment of patients with pure and mixed 
SFN. By the time of evaluation, 78.3% of patients (18 of 23) had 
cumulatively required symptomatic treatment with ≥2 medications 
(Table 1). Antiepileptic drugs were the most frequently prescribed 
and taken by 82.6% of patients (19 of 23). Opioid analgesics 
were previously prescribed for 43.5% of patients (10 of 23) and 
were prescribed more frequently than selective serotonin reup-
take inhibitors (17.4% of patients [4 of 23]) and at a similar fre-
quency as serotonin-norepinephrine reuptake inhibitors (43.5% of 

patients [10 of 23]). Tricyclic antidepressants were taken by 8.7% 
of patients (2 of 23). Opioid analgesics were prescribed more fre-
quently for patients with pure SFN versus mixed SFN (61.5% [8 
of 13] versus 20.0% [2 of 10]; P = 0.09). There were otherwise no 
differences in the frequency of polysymptomatic therapy and the 
classes of medications prescribed for neuropathic pain.

As shown in Table 2, 5 patients had previously been pre-
scribed immunomodulatory therapy for neuropathic pain. This 
group included 3 patients treated with corticosteroids (patients 

Demographics
Symptoms, 

duration
Neuropathic pain, characteris-

tics, abnormal findings Nerve conduction studies
Acuity of 

onset
Pain 

severity†
Peripheral neu-
ropathy, therapy

Patient 19: age 
65 years, F, 
white

5 years NLD arms, asymmetric legs; 
pins-and-needles; sensitivity 
to touch; shock like 
sensations; burning; 
worsening of pain upon 
rubbing; Vib-L¶, JP-L§;  
PT reduced; areflexia 
(Achilles); Romberg/sensory 
ataxia

Sensory neuronopathy; 
SNAPs: sural: absent; 
median: absent; radial: 
absent; ulnar: absent

Chronic 5 Gabapentin; 
venlafaxine; 
topiramate 

Patient 20: age 
59 years, F, 
white

2 years NLD distal feet, shins; 
pins-and needles; mottling; 
sensitivity to touch; 
shock-like sensations; 
burning; worsening of pain 
upon rubbing; tenderness 
upon pressure; Vib-L¶, 
Vib-U‡, JP-L§; PT reduced; 
areflexia (Achilles, patellar, 
upper limb); Romberg/
sensory ataxia

Sensory neuronopathy; 
SNAPs: sural: absent; 
median: absent; radial: 
reduced, 6μV; ulnar: 
absent

Chronic 9 Gabapentin IVIG

Patient 21: age 
70 years, F, 
AA

5 years NLD asymmetric feet and 
bilateral hands; pins-and-
needles; mottling; sensitiv-
ity to touch; shock-like 
sensations; burning; 
worsening of pain upon 
rubbing; tenderness upon 
pressure; Vib-L¶, Vib-U¶, 
JP-L¶; PT reduced; areflexia 
(Achilles); Romberg/sensory 
ataxia

Sensory neuronopathy; 
SNAPs: sural: reduced; 
median: absent; radial: 
absent; ulnar: absent; 
CMAPs: ulnar: reduced, 
40 meters/second

Subacute 5 Pregabalin; 
amitriptyline; 
sertraline

Patient 22: age 
58 years, F, 
AA

6 years NLD arms, hands, legs, feet; 
pins-and-needles; sensitiv-
ity to touch; shock-like 
sensations; burning; PT 
reduced; areflexia (Achilles)

Normal Subacute 8 Gabapentin; 
tramadol 

Patient 23: age 
32 years, F, 
white

1 year NLD over eyes, hands, feet; 
pins-and-needles; burning; 
PT reduced; hyporeflexia 
(Achilles)

Normal Subacute 6 Pregabalin; 
venlafaxine XR; 
celecoxib 

* Only abnormal physical examination findings are reported on this table. F = female; LD = length-dependent pain distribution; Vib-L = vi-
bration of lower limb; JP-L = joint position in lower limb; PT = pinprick and temperature sensation; SNAPs= sensory nerve action potentials,  
CMAPs= compound motor action potentials; AA = African American; M = male; IVIG = intravenous immunoglobulin; MRC = Medical Research 
Council scale; Vib-U = vibration of the upper limb; NLD = nonlength-dependent pain distribution; JP-U = joint position in upper limb. 
† VAS (range 0–10). 
‡ Reduced at the level of the ankle/MCP. 
§ Reduced at the level of the foot/DIP. 
¶ Reduced above the ankle/wrist. 

Table 2.  (cont’d)
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5, 13, and 14), who did not report any improvement in pain 
intensity when treated with prednisone at maximal dosages 
≥10 mg per day (patients 5 and 14), or who did not report any 
benefit from a maximal prednisone dosage of <10 mg per day 
(patient 13). One patient (patient 20) was prescribed intrave-
nous immunoglobulin (IVIG) previously but discontinued it after 
6 months due to lack of improvement in pain. Another patient 
(patient 5) who was prescribed monthly IVIG therapy (2 gm/
kg) reported a 50% reduction in pain intensity after 4 months 
and was therefore prescribed monthly IVIG maintenance ther-
apy. Another patient (patient 16) received 4 courses of rituximab 
(1,000 mg × 2 every 2 weeks, repeated at 6-month intervals), 
but reported pain relief mainly within 2 months of drug admin-
istration, which worsened over the ensuing 4 months prior to 
subsequent infusions.

Characterization of patients with SS with SFN versus 
patients with SS without SFN. Table 3 shows the associa-
tion of demographic features and immunologic characteristics in 
the combined 23 patients with SS with pure and mixed SFN ver-
sus the 98 patients without SFN. No difference was found with 
regard to mean age at the time of sicca onset and frequency of 
white race. However, the combined SFN patient group had an 
increased frequency of male sex (30.4% versus 9.2%; P < 0.01), 
decreased frequency of anti–Ro 52 (69.6% versus 89.7%; P = 
0.01), anti–Ro 60 (52.2% versus 79.7%; P = 0.01), anti-La/SSB 
(26.1% versus 50.0%; P = 0.04), rheumatoid factor (26.1% ver-
sus 61.9%; P < 0.01), and polyclonal gammopathy (13.0% versus 
48.0%; P < 0.01). On multivariate analysis, male sex (P = 0.04), 
anti–Ro 52 (P = 0.01), and rheumatoid factor (P = 0.04) were inde-
pendently associated with combined SFN.

Table 3.  Demographic, clinical, autoantibody, and other immunologic characteristics in Sjögren’s patients 
with small fiber neuropathy (SFN) and Sjögren’s patients without SFN*

Variable
SFN 

(n = 23)
Non-SFN 
(n = 98) P

Age onset of sicca symptoms, mean ± SD years 44.0 ± 13.2 42.3 ± 16.8 0.63
Women 69.6 (16) 90.8 (89) 0.007
Ethnicity

White 73.9 (17) 80.6 (79) 0.48
African American 17.4 (4) 8.2 (8) –
Hispanic 0.0 (0) 8.2 (8) –
Asian 8.7 (2) 3.1 (3)

Dry eyes 91.3 (21) 95.9 (94) 0.32
Dry mouth 95.7 (22) 90.8 (89) 0.69
Antinuclear antibody 0.23

≤1:40 26.1 (6) 19.4 (19) –
1:80 8.7 (2) 3.1 (3) –
1:160 17.4 (4) 5.1 (5) –
1:320 8.7 (2) 17.4 (17) –
≥1:640 39.1 (9) 55.1 (54) –

Anti–Ro 52 69.6 (16) 89.7 (87/97)† 0.01
Anti–Ro 60 52.2 (12) 79.7 (78) 0.01
Anti-La/SSB 26.1 (6) 50.0 (48/96)† 0.04
Rheumatoid factor 26.1 (6) 61.9 (60/97)† 0.002
Polyclonal gammopathy 13.0 (3) 48.0 (47) 0.002
Monoclonal gammopathy 4.4 (1) 14.3 (14) 0.30
C3 hypocomplementemia, % (no./total no.) 0.0 (0/22) 4.2 (4/95) 1.00
C4 hypocomplementemia, % (no./total no.) 4.6 (1/22) 9.5 (9/95) 0.69
Positive lip biopsy, % (no./total no.) 50.0 (8/16) 69.8 (44/63) 0.14

* Values are the percentage (number) unless indicated otherwise. Altogether, 8 of the 98 patients without 
SFN underwent nerve-conduction and/or skin-biopsy studies. These nerve-conduction findings were either 
normal (2 patients) or evidenced focal, noninflammatory, and structural disorders, including entrapment 
neuropathies (2 patients with median neuropathies, 1 with ulnar neuropathy), cervical radiculopathies (2 
patients), and a traumatic peroneal mononeuropathy at the ankle (1 patient). Among these 8 patients, 4 
underwent skin-biopsy studies with normal results. These findings were therefore not consistent with a 
large-fiber polyneuropathy or small-fiber neuropathy. 
† Values are the percentage (no./total no.). 
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Patterns of neuropathic pain and skin biopsy 
findings. As shown in Figure 1A, 11 patients with SFN presented 
with length-dependent pain. This pattern is analogous to a 
stocking-and-glove pain distribution. In patients with a length-
dependent pattern of pain, the presumed anatomic site of injury 

is the most distal axon (4–9,13). Among these 11 patients, 10 
did have corroborating skin-biopsy findings indicative of axonal 
degeneration, and only 1 patient had findings consistent with 
DRG degeneration (Figures 2A and 2B). In these patients with 
length-dependent pain, findings consistent with axonal injury 

Figure 1.  Distribution of neuropathic pain in patients with abnormal skin biopsy results. A, 11 patients presented with a stocking-and-glove 
pattern of neuropathic pain, frequently referred to as a length-dependent pattern of pain. In this pattern, the clinical site of injury may be 
suspected to reflect axonal (Ax) damage. In 10 of these 11 patients, the skin biopsy results similarly showed patterns of axonal injury. B, Twelve 
patients described a contrasting pattern of neuropathic pain termed nonlength-dependent pain distribution, occurring in a proximal, patchy, 
and/or asymmetric pattern. In this pattern, the clinical site of injury may be suspected to reflect dorsal root ganglia (DRG) injury. In 6 of 12 
patients, skin biopsy results showed findings of DRG degeneration. In contrast, the remaining 6 of the 12 patients with nonlength-dependent 
pain had biopsy results suggestive of axonal injury. Co-occurring peripheral nerve syndromes: * = sensory neuropathy; ** = axonal sensorimotor 
(SM) polyneuropathy; *** = asymmetric axonal SM polyneuropathy; **** = axonal sensory neuropathy.
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included reduced IENFD at the distal leg with normal IENFD at 
the proximal thigh (70% of patients [7 of 10]), or more severely 
and disproportionately reduced IENFD compared to reduced 
IENFD at the proximal thigh (30% of patients [3 of 10]) (4,8–
13,20).

Figure 1B also shows that the 12 remaining patients with 
SS SFN presented with a contrasting pattern of nonlength-

dependent (NLD) pain. This pattern is analogous to pain occur-
ring in a nonstocking-and-glove distribution. Such NLD neuro-
pathic pain could be asymmetric (3 patients), and affect the face 
(5 patients), upper extremities (7 patients), and torso (1 patient), 
and could occur simultaneously with or without pain in the feet. 
In patients presenting with this NLD pattern of pain, the pre-
sumed anatomic site of injury is the DRG (4,9–13). Among these 

Figure 2.  Skin biopsy specimens associated with patterns of neuropathic pain. Arrows indicate unmyelinated nerves immunostained against 
the panaxonal marker PGP 9.5. Skin biopsy specimens taken from the proximal thigh (A) and distal leg (B) in a patient with a length-dependent 
pattern of neuropathic pain. Decreased intra-epidermal nerve-fiber density (IENFD) was noted in the distal leg versus the proximal thigh, 
consistent with a pattern of axonal degeneration. Skin biopsy specimens taken from the proximal thigh (C) and distal leg (D) in a patient with 
a nonlength-dependent pattern of neuropathic pain. Decreased IENFD was noted in the proximal thigh versus the distal leg, consistent with a 
pattern of dorsal root ganglia degeneration.
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12 patients, 6 (50%) had skin biopsy results with corroborative 
findings of DRG degeneration. These patients had decreased 
IENFD that was disproportionately more severe at the proximal 
thigh compared to the distal leg (Figures 2C and 2D). However, 
6 of these patients (50%) who presented with an NLD pain dis-
tribution and clinical suspicion of DRG injury instead had skin 
biopsy findings suggestive of axonal degeneration. Mechanistic 
implications of these findings are discussed below. Additionally, 
a representative skin-biopsy figure from a patient without SFN 
SS is shown in Supplementary Figure 1, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23762/abstract.

DISCUSSION

To the best of our knowledge, this study was the largest 
cohort of patients with SS who had biopsy-proven SFN. Among 
the 23 patients with SS SFN, notable features included a higher 
prevalence of male patients, frequent prescriptions for opioid 
analgesics, a decreased frequency of autoantibodies, and clinico-
pathologic patterns of neuropathic pain that suggest mechanisms 
and anatomic sites of injury. These findings and treatment implica-
tions are considered below.

A previously unreported finding is the increased frequency 
of male sex among those with combined SFN, which is notable 
given that SS is otherwise a disease in which >90% of patients 
are female. Therefore, greater scrutiny for the possibility of SS may 
be warranted in male patients with SFN. The revised 2016 ACR/
EULAR SS classification criteria can especially facilitate diagnosis 
when male patients with SS SFN present without sicca symp-
toms or potentially diagnostic antibodies (16). Neurologists can 
therefore play an important role in identifying SS among patients 
otherwise considered to have idiopathic SFN.

The increased frequency of male sex in patients with SS with 
SFN may reflect hormonal as well as immune-mediated influ-
ences. For example, an increased frequency of male sex has been 
noted among patients with chronic pain syndromes associated 
with antibodies that may cross-react with proteins upregulated in 
the prostate (i.e., anti-CASPR2 antibodies) (20,21). Such antibod-
ies have been identified in patients with SFN (22,23). Therefore, 
further studies are warranted to evaluate whether the increased 
frequency of SFN in male patients with SS may reflect a different 
clinical spectrum and pathogenesis compared to that found in 
female patients with SS SFN.

Overall, our findings identify several characteristics of patients 
with SFN that can explain why diagnosis can be elusive. Similar 
to the results of prior studies (24–26), we detected that approxi-
mately 40% of patients with SS SFN experienced SFN symptoms 
before the emergence of sicca symptoms. These SFN symptoms 
preceded the diagnosis of SS by a median of 5 years. This finding 
also has important implications. Even when patients with SFN lack 
sicca symptoms and do not initially satisfy criteria for SS, our find-

ings suggest that clinical vigilance for the possibility of SS is war-
ranted if patients develop sicca symptoms detectable upon careful 
longitudinal appraisal. Additionally, when SS SFN presents as an 
NLD distribution, clinicians may deem this pain distribution as not 
being plausible or real (4,8–13). This result emphasizes the need for 
rheumatologists and other clinicians who care for patients with SS 
SFN to be cognizant of this NLD presentation, as well as the more 
familiar length-dependent, stocking-and-glove pattern.

Similar to results from Chai et al (4), we found that approx-
imately 45% of patients with SS presented with mixed SFN. 
Whereas all of our patients with a sensory neuronopathy had a 
sensory ataxia, none of our patients with electrodiagnostic evi-
dence of axonal sensorimotor polyneuropathies had weakness. 
These findings support the idea that patients with mixed SFN 
could have subclinical large-nerve fiber involvement, with neuro-
pathic pain symptoms and findings primarily reflecting a clinically 
relevant SFN. Patients with mixed versus pure SFN were older 
at the onset of sicca and neuropathic pain symptoms, and they 
experienced an increased frequency of anti–Ro 60 antibodies. We 
otherwise did not find other discriminating features in patients with 
pure versus mixed SFN.

We noted that approximately 45% of patients with SS SFN 
were previously treated with opioid analgesic therapy. Opioid 
analgesics may contribute to a centrally sensitized pain state that 
may be refractory to other symptomatic approaches (27). Poten-
tial mechanisms include activation of microglial cells (27) and the 
central glutaminergic system (28). Therefore, our findings similarly 
suggest that opioid therapy in SS SFN should be prescribed cau-
tiously and after treatment with other symptomatic therapies has 
been exhausted.

There are 2 primary advantages of skin biopsy. First, skin 
biopsy has desirable diagnostic features. Compared to other tests 
used in evaluating SFN (quantitative sensory testing, laser-evoked 
potentials) (25,26,29), skin biopsy has a comparably increased 
diagnostic efficiency (80–90% sensitivity, 90% specificity) (3,6) 
and higher validity. The intraobserver and interobserver intraclass 
correlation coefficient  in our Cutaneous Nerve Laboratory is 0.90. 
Neuropathology laboratories that can interpret skin-biopsy studies 
are available in many academic centers. However, for clinicians 
practicing in locales in which there are no academic neurocuta-
neous laboratories, there are commercial neuropathology labo-
ratories (such as Therapath Neurobiology) that can process and 
interpret skin-biopsy studies.

In addition, knowledge of neuropathic pain patterns and 
skin-biopsy findings may suggest anatomic regions of injury and 
underlying mechanisms. For example, we identified the fact that 
10 of 11 patients with length-dependent pain had skin-biopsy 
patterns of axonal degeneration. This finding is consistent with 
other studies noting axonal degeneration occurring in patients 
with length-dependent pain. In contrast, we discovered that 6 of 
12 patients with NLD pain had skin-biopsy results showing DRG 
degeneration. This finding is compatible with previous reports, 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23762/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23762/abstract
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which show how this NLD pain pattern is associated with skin-
biopsy markers of DRG degeneration in other immune-mediated 
SFN diseases (9–13).

By contrast, 6 of the remaining 12 patients with NLD pain 
(suspected as having DRG degeneration) instead had skin-
biopsy markers of axonal injury. In these patients, there was 
no skin-biopsy evidence of DRG degeneration. In this situation, 
non-neurotoxic mechanisms that do not cause DRG degener-
ation may sensitize viable DRGs. One such important mecha-
nism is DRG neuronal hyperexcitability, which may occur due to 
gain-of-function mutations or may be mediated by antineuronal 
antibodies (30,31). Prolonged excitation may cause a secondary 
axonal injury (23) and may account for apparent axonal degen-
eration in some NLD pain patients.

Our findings suggest therapeutic challenges and treatment 
strategies. First, there may only be a limited window to intervene 
before irreversible damage to the DRG occurs. A postmortem 
biopsy result from an SS patient with NLD pain showed exten-
sive CD8+ T cell–mediated cytotoxic injury to the DRG (32). Such 
cytotoxic injury, which may be irreversible, reflects how earlier rec-
ognition of SFN and the performance of skin-biopsy studies may 
identify SFN at an earlier and potentially more treatable stage. 
Additionally, neuropathic pain medications that may be effective in 
other SFN disorders may worsen SS-associated sicca symptoms, 
fatigue, and cognitive impairment. Such side effects may be miti-
gated by slowly increasing dosages of medications and by using 
medications that have different mechanisms of action.

Limitations of our study included its cross-sectional design. 
Therefore, we are planning longitudinal studies to evaluate the 
predictive role of skin-biopsy results with different outcomes in 
patients with SS SFN. Further studies should also evaluate the 
association between SFN and other lip biopsy findings, includ-
ing ectopic lymphoid follicles, patterns of cellular infiltration, and 
measurements of duct blockage (33). Additionally, our findings 
suggest the rationale for developing computer programs to 
standardize pain topography occurring across a large number of 
patients with SS SFN.

Our findings therefore collectively indicate how SFN is asso-
ciated with highly characteristic clinical and skin-biopsy findings. 
In summary, we have described the largest cohort of patients with 
SS with biopsy-proven SFN and have described the increased 
frequency of male sex, an association with decreased antibody 
frequencies, and overlapping patterns of DRG and axonal injury 
across different patterns of neuropathic pain.
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Objective. Extant epidemiologic data of primary Sjögren’s syndrome  (SS) remains limited, particularly for racial/ethnic 
populations in the US. The Manhattan Lupus Surveillance Program (MLSP) is a population-based retrospective registry of 
cases of systemic lupus erythematosus and related diseases, including primary SS in Manhattan, New York. The MLSP 
was used to provide estimates of the incidence and prevalence of primary SS across major racial/ethnic populations.

Methods. MLSP cases were identified from hospitals, rheumatologists, and population databases. Three case 
definitions were used for primary SS, including physician diagnosis, rheumatologist diagnosis, and modified primary 
SS criteria. Rates among Manhattan residents were age-adjusted, and capture-recapture analyses were conducted 
to assess underascertainment of cases.

Results. By physician diagnosis, age-adjusted overall incidence and prevalence rates of primary SS among adult 
Manhattan residents were 3.5 and 13.1 per 100,000 person-years, respectively. Capture-recapture adjustment in-
creased incidence and prevalence rates (4.1 and 14.2 per 100,000 person-years, respectively). Based on physician 
diagnosis, incidence and prevalence rates were approximately 6 times higher among women than men (P < 0.001). 
Incidence of primary SS was statistically higher among non-Latina Asian women (10.5) and non-Latina white women 
(6.2) compared with Latina women (3.2). Incidence was also higher among non-Latina Asian women compared with 
non-Latina black women (3.3). Prevalence of primary SS did not differ by race/ethnicity. Similar trends were observed 
when more restrictive case definitions were applied.

Conclusion. Data from the MLSP revealed disparities among Manhattan residents in primary SS incidence and 
prevalence by sex and differences in primary SS incidence by race/ethnicity among women. These data also provid-
ed epidemiologic estimates for the major racial/ethnic populations in the US.

INTRODUCTION

Sjögren’s syndrome (SS) is a chronic systemic autoimmune 
disease that manifests as oral and ocular dryness and parotid gland 
enlargement due to lymphocytic infiltration of exocrine glands, in 
addition to multiorgan-system extraglandular involvement (1). This 
syndrome can occur in the absence (referred to as primary) or 

presence (referred to as secondary) of other systemic rheuma-
tologic or autoimmune diseases, such as systemic lupus erythe-
matosus (SLE). The epidemiology of SS remains limited with few 
published estimates for the general population and minimal data 
on multiracial/ethnic populations in the US (2,3).

The Manhattan Lupus Surveillance Program (MLSP) was 
initiated in 2010 as a collaboration between the New York City 
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Department of Health and Mental Hygiene (DOHMH) and the 
New York University School of Medicine (NYUSoM) (4). The pri-
mary goal of the MLSP was to determine incidence and preva-
lence of SLE among Manhattan residents. To accomplish this, 
a retrospective population-based registry was established that 
comprises extensive information obtained on SLE as well as 
other autoimmune rheumatic diseases, including SS. Leverag-
ing this rich data source, we provide incidence (between 2007 
and 2009) and prevalence (during 2007) estimates of primary 
SS among Manhattan residents across the major racial/ethnic 
populations (black, Latino, Asian, white).

MATERIALS AND METHODS

MLSP. The MLSP is 1 of 5 registries funded by the Centers 
for Disease Control and Prevention (CDC) to provide credible 
estimates for the incidence and prevalence of SLE (4–8). Details 
on the MLSP have been previously reported (4). In brief, medical 
records were reviewed under the health surveillance exemption 
to HIPAA privacy rules [45 CFR § 164.512(b)] and as authorized 
by New York City Charter Sections 556(c)(2) and (d)(2). No cases 
were contacted for this project. The CDC deemed the various 
SLE surveillance programs public health practice, which did not 
require institutional review board (IRB) review, and IRBs at both 
the DOHMH and the NYUSoM considered the MLSP to be a 
surveillance activity. When requested, additional IRB applications 
were completed and submitted to independent case-finding 
sources. The DOHMH IRB reviewed and approved secondary 
analyses on a de-identified data set.

The MLSP surveillance period was from January 1, 2007 to 
December 31, 2009. Manhattan was selected for reasons pre-
viously described (4). In 2010, based on US census data, there 
were 1,585,873 persons residing in Manhattan (48% non-Latino 
white, 13% non-Latino black, 25% Latino, and 11% non-Latino 
Asian) (9).

Case ascertainment, data collection, and quality 
control of data entry. The MLSP used rheumatologist 
practices (including pediatric rheumatologists), hospitals, and 

administrative hospitalization discharge and death registry 
databases to identify cases (4). Case-finding sources were 
queried retrospectively, as far back as 2004 when available, 
for evidence of residence in Manhattan and International 
Classification of Disease Ninth Revision Clinical Modification 
(ICD-9CM) billing codes specific for SLE, discoid lupus, and 
related conditions that may evolve into SLE or have related 
symptoms, including SS. The ICD-9CM codes used to identify 
cases included 710.0 (SLE), 695.4 (discoid lupus), 710.8 
(other specified connective tissue disease), 710.9 (unspecified 
connective tissue disease), and 710.2 (Sicca syndrome, which 
is used for SS). Charts for every patient who lived in Manhattan 
and had one of the respective ICD-9CM codes were fully 
abstracted and final diagnosis was coded. Abstraction was 
completed in 90.5% of hospitals and 75.8% of rheumatologist 
practices by trained abstractors, all of whom had medical 
degrees and underwent extensive training and routine quality 
assurance as previously described (4).

Case definitions. The MLSP was constructed for 
surveillance of SLE, and data elements that were collected 
focused on 2 widely used classification schemes for SLE, 
including the American College of Rheumatology (ACR) 
(10,11) and the Systemic Lupus International Collaborating 
Clinics (SLICC) (12) criteria for SLE. Additional manifestations 
commonly associated with SLE (even if not specifically included 
as a criterion for classification) were also captured, allowing for 
the potential to identify evidence of SS. Given the overlapping 
nature of the clinical manifestations of these autoimmune 
diseases, several but not all of the American-European 
Consensus Group (AECG) (13) criteria for SS (most recent 
available criteria at the time of data dictionary development) 
were captured. For criteria regarding the diagnosis of SS not 
systematically captured, abstractors were trained to take 
detailed text notes, including results of minor salivary gland 
biopsies and objective results of ocular and oral tests.

Because this analysis focused on primary SS, we excluded 
cases diagnosed with other rheumatologic diseases such as 
SLE, despite having an additional diagnosis of SS. Also, given 
the rarity of childhood primary SS, we only included cases ages 
≥18 years in our analyses (14).

The diagnosis of SS is usually made by a physician famil-
iar with the disease, which is often, but not exclusively, a 
rheumatologist. Thus, our primary case definition for primary 
SS required documentation of a primary SS diagnosis by any 
physician, and our more conservative secondary case defini-
tion required documentation of a primary SS diagnosis by a 
rheumatologist. In the MLSP, few cases met the AECG (13), 
ACR (15), and the more recent ACR/European League Against 
Rheumatism (EULAR) criteria for primary SS (16). Thus, we 
developed a third, more restrictive, case definition, slightly 
modified from the recent ACR/EULAR criteria (16), requiring 

SIGNIFICANCE & INNOVATIONS
•	 To our knowledge, this is the first population-based 

multiracial/ethnic study in the US to report on the 
epidemiology of Sjögren’s syndrome where existing 
data are sparse in the literature.

•	 Our study revealed disparities in Sjögren’s syn-
drome incidence and prevalence by sex among 
Manhattan residents and differences in incidence 
by race/ethnicity among women.

•	 These data also provided epidemiologic estimates 
for the major racial/ethnic populations in the US.
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Table 1.  Incidence rates of primary SS among Manhattan residents ages 18 years and older, 2007–2009, overall and by race/ethnicity and 
sex*

Crude rate 
(95% CI)

Age-adjusted rate 
(95% CI)

P 
(by χ2)

No. of missed 
cases†

Rate 
(95% CI)†

Physician diagnosis

Total 3.4 (2.9,4.0) 3.5 (2.9,4.1) <0.001 28.7 4.1 (2.5,5.8)

Male 0.9 (0.5,1.5) 1.0 (0.6,1.5) 4.7 1.2 (0.2,2.1)

Female 5.6 (4.6,6.6) 5.7 (4.7,6.7) 24.0 6.7 (4.3,9.1)

Race/ethnicity <0.001§

Non-Latino white 3.7 (3.0,4.7) 3.8 (3.0,4.7) 21.2 4.8 (2.2,7.4)

Non-Latino black 2.2 (1.1,3.9) 2.2 (1.1,4.0) 1.1 2.4 (1.4,3.4)

Latino 1.9 (1.1,3.0) 2.0 (1.2,3.2) 1.7 2.1 (1.7,2.5)

Non-Latino Asian 5.6 (3.6,8.1) 6.2 (4.0,9.2) 4.3 6.5 (5.2,7.8)

Non-Latino other‡ – – 0.4 –

Race/ethnicity by sex

Male 0.859

Non-Latino white 1.1 (0.6,2.0) 1.1 (0.5,2.0) 4.3 1.6 (0.1,3.1)

Non-Latino black 0.9 (0.1,3.2) 0.9 (0.1,3.2) 0.2 1.0 (0.3,1.7)

Latino 0.5 (0.1,1.7) 0.5 (0.1,1.7) 0.2 0.5 (0.1,0.9)

Non-Latino Asian 0.5 (0.0,2.7) 0.6 (0.0,3.6) 0.0 0.5 (0.4,0.6)

Female <0.001¶

Non-Latina white 6.1 (4.7,7.8) 6.2 (4.7,7.9) 16.9 7.7 (4.1,11.3)

Non-Latina black 3.2 (1.5,6.1) 3.3 (1.5,6.3) 0.9 3.5 (2.3,4.8)

Latina 3.2 (1.8,5.1) 3.2 (1.8,5.2) 1.5 3.5 (3.1,3.8)

Non-Latina Asian 9.5 (6.2,14.0) 10.5 (6.6,15.7) 4.3 11.1 (8.9,13.4)

Rheumatologist diagnosis

Total 2.1 (1.7,2.6) 2.1 (1.7,2.6) <0.001 34.0 2.9 (1.1,4.8)

Male 0.5 (0.2,0.9) 0.5 (0.2,0.9) – –

Female 3.5 (2.7,4.4) 3.5 (2.7,4.4) – –

Race/ethnicity 0.001§

Non-Latino white 2.4 (1.8,3.2) 2.3 (1.7,3.1) 13.2 3.0 (2.1,4.0)

Non-Latino black 1.2 (0.4,2.6) 1.2 (0.5,2.7) 9.0 2.9 (–1.8,7.7)

Latino 1.0 (0.4,1.8) 0.9 (0.4,1.8) 0.6 1.0 (0.6,1.5)

Non-Latino Asian 3.8 (2.3,6.1) 4.1 (2.3,6.5) 10.7 6.1 (1.0,11.2)

Non-Latino other‡ – – 0.5 –

Race/ethnicity, male 0.524

Non-Latino white 0.6 (0.2,1.3) 0.5 (0.2,1.2) – –

Non-Latino black 0.9 (0.1,3.2) 0.9 (0.1,3.2) – –

Latino – – – –

Non-Latino Asian 0.5 (0.0,2.7) 0.6 (0.0,3.6) – –

Race/ethnicity, female 0.001#

Non-Latina white 4.0 (2.9,5.4) 3.8 (2.8,5.2) – –

Non-Latina black 1.4 (0.4,3.6) 1.6 (0.4,4.1) – –

Latina 1.8 (0.8,3.4) 1.7 (0.8,3.3) – –

Non-Latina Asian 6.5 (3.8,10.3) 6.7 (3.8,11.1) – –

* Rates are per 100,000 Manhattan residents. Denominator data is based on 2007–2009 intercensal population estimates from the New York 
City Department of Health and Mental Hygiene, Bureau of Epi Services (2000–2014 files). Data are age adjusted to the US 2000 standard pop-
ulation. Cases were assigned to 1 of 5 mutually exclusive race/ethnicity categories. SS = Sjögren’s syndrome; 95% CI = 95% confidence interval. 
† Values are those yielded from the capture-recapture analyses; log-linear models were fit separately for by sex and race/ethnicity for physician-
diagnosed cases and by race/ethnicity alone for cases diagnosed by a rheumatologist. 
‡ Non-Latino cases identifying with more than one race were categorized as non-Latino other. 
§ Latino cases differed from non-Latino white and non-Latino Asian cases. Non-Latino Asian cases also differed from non-Latino black cases. 
¶ Latina cases differed from non-Latina white and non-Latina Asian cases. Non-Latina Asian cases also differed from non-Latina black cases. 
# Latina cases differed from non-Latina white and non-Latina Asian cases. Non-Latina black cases also differed from non-Latina white and non-
Latina Asian cases. 
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3 criteria to be met: primary SS diagnosis by any physician, 
documentation of dry eyes and/or dry mouth, and a positive 
test for anti-SSA antibody.

Statistical analysis. Incident cases were those who were 
ages ≥18 years, met a primary SS case definition, resided in 
Manhattan, and were first diagnosed with primary SS between 
January 1, 2007 and December 31, 2009. Prevalent cases 
were new or existing cases among those ages ≥18 years that 
met a primary SS case definition and resided in Manhattan 
between January 1 and December 31, 2007. DOHMH intercensal 
population estimates for Manhattan were used to calculate 
denominators (9).

Rates were calculated overall, by sex, and by race/ethnicity 
per 100,000 person-years and were age-adjusted to the US 2000 
standard population using 10-year age groups within each racial/
ethnic group (17). Although data on race and Latino ethnicity were 
collected separately during abstraction, cases were assigned 
to 1 of 5 mutually exclusive race/ethnicity categories, including 
non-Latino white, non-Latino black, non-Latino Asian, Latino, 
and non-Latino other (including non-Latino cases identified with 
>1 race). Chi-square or Fisher’s exact tests were used to deter-
mine if age-adjusted primary SS proportions differed by sex and 
race/ethnicity. When significant differences were found by race/ 
ethnicity, pairwise differences were evaluated using Z tests assum-
ing a Poisson distribution and statistical significance at 0.05, with 
Bonferroni correction (P = 0.008).

Capture-recapture analyses were performed (18,19) in 
order to estimate underascertainment of cases; specific meth-
ods have been described elsewhere (4). Log-linear models were 
fit separately for incident and prevalent cases by sex and race/ 
ethnicity for physician-diagnosed cases and by race/ethnicity 
alone for cases diagnosed by a rheumatologist or meeting the 
modified case definition due to small numbers.

All analyses were completed using SAS software version 9.4, 
and R version 3.3.0 (R Foundation for Statistical Computing).

RESULTS

Incidence rates. From 2007 to 2009, 138 incident cases 
had a physician diagnosis of primary SS and 84 had a rheuma-
tologist diagnosis of primary SS. The overall crude and age-
adjusted incidence rates for physician-diagnosed cases of pri-
mary SS were 3.4 (95% confidence interval [95% CI] 2.9,4.0) 
and 3.5 (95% CI 2.9,4.1) per 100,000 person-years, respec-
tively (Table 1). The overall crude and age-adjusted incidence 
rates for rheumatologist-diagnosed cases of primary SS were 
2.1 (95% CI 1.7,2.6) and 2.1 (95% CI 1.7,2.6) per 100,000 
person-years, respectively. Age-adjusted rates differed by 
sex, and were approximately 6 to 7 times higher for women 
compared with men for both physician- and rheumatologist-
diagnosed primary SS (both P < 0.001). The incidence of 

physician-diagnosed primary SS differed by race/ethnicity  
(P < 0.001), with higher rates among Asian (6.2 per 100,000 
person-years; P = 0.002) and white (3.8; P = 0.006) cases 
compared with Latino cases (2.0). Incidence of physician-
diagnosed primary SS was also higher among Asian cases 
compared with black cases (2.2 per 100,000 person-years;  
P = 0.005). Similarly, incidence rates also differed by race/
ethnicity among women (P < 0.001) and were higher among 
Asian (10.5; P = 0.002) and white women (6.2; P = 0.007) 
compared with Latina women (3.2), and among Asian women 
compared with black women (3.3; P = 0.003). There was no 
significant difference in age-adjusted incidence of physician-
diagnosed primary SS by race/ethnicity among men (P = 
0.859).

Incidence of rheumatologist-diagnosed primary SS also 
differed by race/ethnicity overall and among women (both  
P = 0.001), with higher rates among Asian women com-
pared with Latina (P = 0.007) and black women (P = 0.006). 
Capture-recapture adjustment estimated 166.7 incident cases 
of physician-diagnosed primary SS, indicating that 17.2% of 
cases were missed. Among those missed, 58.9% were white 
women. The resulting capture-recapture adjusted incidence rate 
increased to 4.1 per 100,000 person-years (95% CI 2.5,5.8).

The mean ± SD age at diagnosis among incident cases 
was 56.0 ± 19.1 years among Latino cases, 54.7 ± 18.5 years 
among white cases, 48.6 ± 12.0 years among black cases, and 
47.4 ± 18.1 years among Asian cases.

Among Latino primary SS cases, 77.8% of those diag-
nosed by a physician and 77.8% of those diagnosed by a 
rheumatologist were also classified as white. Ethnicity infor-
mation among Latino cases was often absent, with two-thirds 
having no further information available. For those with more 
detail, ethnicities included Central or South American, Domin-
ican, Puerto Rican, and Spanish. Among Asian primary SS 
incident cases diagnosed by a physician or rheumatologist, 
approximately one-third and more than one-quarter had no 
further classification for Asian ethnicity, respectively. Among 
cases with information available, ethnicities included Chinese, 
Indian or Pakistani, Japanese, and Thai.

The serologic and clinical manifestations of primary SS 
captured in the MLSP for incident cases of physician- and 
rheumatologist-diagnosed primary SS are shown in Table 2. Data 
ascertainment was more complete for cases with a rheumatolo-
gist diagnosis. Antinuclear antibodies and anti-SSA/Ro were the 
most commonly found serologic manifestations among both phy-
sician- and rheumatologist-diagnosed cases. Extraglandular man-
ifestations were present in 62.6% and 65.4% of physician- and 
rheumatologist-diagnosed cases, respectively, with lymphopenia 
and arthritis being the most common.

Prevalence rates for primary SS. In 2007, a total of 
166 cases had a physician diagnosis of primary SS and 94 
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had a rheumatologist diagnosis of primary SS. The crude 
and age-adjusted prevalence rates of physician-diagnosed 
primary SS overall were 12.4 (95% CI 10.5,14.3) and 13.1 
(95% CI 11.1,15.1) per 100,000 person-years, respectively 
(Table 3). The overall crude and age-adjusted prevalence rates 
of rheumatologist-diagnosed primary SS were lower, at 7.0 
(95% CI 5.7,8.6) and 7.3 (95% CI 5.9,8.9) per 100,000 person-
years. Age-adjusted rates were approximately 6 times higher 
among women compared with men for both physician- and 
rheumatologist-diagnosed primary SS (both P < 0.001). Trends 
in both physician- and rheumatologist-diagnosed primary 
SS were similar to incidence. The age-adjusted prevalence 
rates of physician-diagnosed primary SS were 23.8 among 
white women, 23.7 among Asian women, 16.1 among black 
women, and 15.0 among Latina women. For rheumatologist-
diagnosed primary SS, Asian women had the highest rate, 
followed by white, black, and Latina women. However, there 
were no significant differences in physician- or rheumatologist-

diagnosed prevalence rates by race/ethnicity overall, among 
women or men.

Capture-recapture analyses estimated an additional 24.2 
cases of physician-diagnosed primary SS, indicating that 12.7% of 
cases may have been missed. Among cases missed, almost two-
thirds (65.3%) were white women. With capture-recapture adjust-
ment, the overall prevalence by physician diagnosis increased to 
14.2 per 100,000 person-years (95% CI 12.3,16.1).

The mean ± SD ages among women and men with primary 
SS identified by physician diagnosis were 56.4 ± 17.5 years and 
60.9 ± 16.9 years, respectively. In 2007, the mean ± SD age of 
physician-diagnosed primary SS was 60.3 ± 16.7 years among 
white cases, 53.1 ± 20.5 years among black cases, 52.9 ± 14.8 
years among Latino cases, and 49.6 ± 19.6 years among Asian 
cases.

Among physician- and rheumatologist-diagnosed prevalent 
Latino cases, more than three-fourths were also identified as 
white. Information on Latino ethnicity was often absent, with no 

Table 2.  Frequency of specific manifestations among incident primary SS cases among Manhattan residents ages 18 
years and older, 2007–2009*

Primary SS w/ 
physician diagnosis 

(n = 138)

Primary SS w/ 
rheumatologist diagnosis 

(n = 84)

Primary SS–modified 
definition 
(n = 45)†

No. available Positive No. available Positive No. available Positive

Glandular/serologies
Sicca symptoms 122 91 (74.6) 82 72 (87.8) 45 45 (100.0)
Anti-SSA/Ro 96 63 (65.6) 78 52 (66.7) 45 45 (100.0)
Anti-SSB/La 90 37 (41.1) 75 30 (40.0) 42 23 (55.0)
Anti-SSA/Ro and 

Anti-SSB/La
90 33 (36.7) 75 26 (34.7) 42 23 (55.0)

ANA 90 71 (78.9) 72 61 (84.7) 39 37 (95.0)
ANA titer >1:320 45 30 (66.7) 39 25 (64.1) 25 16 (64.0)
Rheumatoid factor 67 27 (40.3) 53 22 (41.5) 31 17 (55.0)

Extraglandular
Arthritis 137 29 (21.2) 83 19 (22.9) 44 10 (23.0)
Photo sensitivity 138 7 (5.1) 84 7 (8.3) 45 4 (9.0)
Lymphopenia 124 64 (51.6) 79 39 (49.4) 42 22 (52.0)
ILD 138 4 (2.9) 84 2 (2.4) 45 2 (4.0)
Pneumonitis 138 1 (0.7) 84 1 (1.2) 45 1 (2.0)
Transverse myelitis 138 0 (0.0) 84 0 (0.0) 45 0 (0.0)
Low complements 138 5 (3.6) 84 5 (6.0) 45 5 (11.0)
Raynaud’s 138 13 (9.4) 84 9 (10.7) 45 3 (7.0)
Cutaneous vasculitis 138 0 (0.0) 84 0 (0.0) 45 0 (0.0)
Cranial or peripheral 

neuropathy
137 10 (7.3) 84 5 (6.0) 45 2 (4.0)

Myositis 137 0 (0.0) 83 0 (0.0) 44 0 (0.0)

* Values are the number (%) of cases unless indicated otherwise. SS = Sjögren’s syndrome; ANA = antinuclear antibodies; 
ILD = interstitial lung disease. 
† Case definition, slightly modified from the recent American College of Rheumatology/European League Against Rheu-
matism criteria, required documentation including primary SS diagnosis by any physician, documentation of dry eyes 
and/or dry mouth, and a positive test for anti-SSA antibody. 
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Table 3.  Prevalence rates of primary SS among Manhattan residents ages 18 years and older, 2007, overall and by race/ethnicity and sex*

Crude rate 
(95% CI)

Age-adjusted rate 
(95% CI)

P 
(by χ2)

Capture-recapture†

No. of cases 
missed

Rate 
(95% CI)

Physician diagnosis
Total 12.4 (10.5,14.3) 13.1 (11.1,15.1) <0.001 24.2 14.2 (12.3,16.1)
Male 3.1 (1.9,4.8) 3.5 (2.1,5.5) 0.1 3.1 (3.0,3.2)
Female 20.5 (17.2,23.8) 21.1 (17.6,24.5) 24.1 23.9 (20.3,27.4)
Race/ethnicity 0.099

Non-Latino white 13.9 (11.3,17.0) 14.6 (11.8,17.9) 15.9 16.3 (14.4,18.1)
Non-Latino black 9.4 (5.4,15.2) 9.4 (5.4,15.4) 0.5 9.6 (8.4,10.9)
Latino 8.6 (5.7,12.6) 9.1 (6.0,13.2) 0.6 8.8 (8.1,9.5)
Non-Latino Asian 13.1 (8.0,20.2) 14.3 (8.5,22.5) 6.1 17.1 (11.6,22.6)
Non-Latino other‡ – – 1.1 –

Race/ethnicity, male 0.638
Non-Latino white 4.0 (2.1,6.9) 4.3 (2.3,7.4) 0.1 4.0 (3.8,4.3)
Non-Latino black 1.3 (0.0,7.3) 1.7 (0.0,9.4) 0.0 1.3 (1.3,1.3)
Latino 1.4 (0.2,5.0) 1.5 (0.2,5.4) 0.0 1.4 (1.4,1.4)
Non-Latino Asian 1.5 (0.0,8.3) 2.2 (0.1,12.5) 0.0 1.5 (1.5,1.5)

Race/ethnicity, female 0.153
Non-Latina white 22.9 (18.2,28.4) 23.8 (18.9,29.6) 15.8 27.3 (24.0,30.7)
Non-Latina black 15.8 (8.9,26.1) 16.1 (8.9,26.7) 0.5 16.3 (14.1,18.6)
Latina 14.9 (9.6,21.9) 15.0 (9.7,22.2) 0.6 15.2 (13.9,16.5)
Non-Latina Asian 22.2 (13.4,34.6) 23.7 (13.9,37.7) 6.1 29.3 (19.5,39.1)

Rheumatologist diagnosis
Total 7.0 (5.7,8.6) 7.3 (5.9,8.9) <0.001 27.3 9.1 (6.2,11.9)
Male 1.6 (0.8,3.0) 1.8 (0.9,3.4) – –
Female 11.7 (9.3,14.5) 11.9 (9.5,14.8) – –
Race/ethnicity 0.399

Non-Latino white 7.2 (5.3,9.5) 7.5 (5.5,10.0) 17.5 9.7 (7.5,12.0)
Non-Latino black 5.3 (2.4,10.0) 5.6 (2.5,10.6) 1.3 6.0 (4.2,7.9)
Latino 5.4 (3.2,8.7) 5.6 (3.2,9.0) 2.0 6.1 (5.0,7.2)
Non-Latino Asian 9.2 (5.0,15.4) 9.7 (5.1,16.6) 3.6 11.5 (5.5,17.5)
Non-Latino other‡ – – 2.9 –

Race/ethnicity, male 0.703
Non-Latino white 2.2 (0.9,4.5) 2.4 (0.9,4.9) – –
Non-Latino black - – –
Latino 0.7 (0.0,3.9) 0.8 (0.0,4.3) – –
Non-Latino Asian 1.5 (0.0,8.3) 2.2 (0.1,12.5) – –

Race/ethnicity, female 0.490
Non-Latina white 11.7 (8.5,15.9) 12.1 (8.7,16.5) – –
Non-Latina black 9.5 (4.3,18.0) 10.4 (4.7,19.8) – –
Latina 9.5 (5.4,15.4) 9.4 (5.4,15.3) – –
Non-Latina Asian 15.2 (8.1,25.9) 15.6 (8.0,27.3) – –

* Rates are per 100,000 Manhattan residents. Denominator data is based on 2007–2009 intercensal population estimates from the New 
York City Department of Health and Mental Hygiene, Bureau of Epi Services (2000–2014 files). Data are age adjusted to the US 2000 standard 
population. Cases were assigned to 1 of 5 mutually exclusive race/ethnicity categories. SS = Sjögren’s syndrome; 95% CI = 95% confidence 
interval. 
† Values are those yielded from the capture-recapture analyses, log-linear models were fit separately for by sex and race/ethnicity for 
physician-diagnosed cases and by race/ethnicity alone for cases diagnosed by a rheumatologist.  
‡ Non-Latino cases identifying with more than one race were categorized as non-Latino other. 
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further details available for more than two-thirds of the cases. 
Among Asian primary SS cases diagnosed by a physician or 
rheumatologist, more than one-fourth had no further classifica-
tion for Asian ethnicity.

The occurrence of relevant serologic and clinical man-
ifestations captured in the MLSP for prevalent physician- and 
rheumatologist-diagnosed primary SS cases is shown in Table 4. 
Similar to incident cases, data ascertainment on manifestations 
was more complete for cases with a rheumatologist diagnosis.

Incidence and prevalence of primary SS using 
modified criteria. Using the modified case definition of primary 
SS (Table 5), incorporating the presence of autoantibodies and 
documentation of dry eyes and/or dry mouth resulted in an overall 
age-adjusted incidence rate of 1.1 (95% CI 0.8,1.5) per 100,000 
person-years and an overall age-adjusted prevalence rate of 3.3 
(95% CI 2.4,4.4) per 100,000 person-years. As with the other 
case definitions, age-adjusted rates were higher among women 
compared with men (P < 0.001). Incidence rates differed by 
race/ethnicity overall (P < 0.001), with higher rates among Asian 
cases compared with white (P = 0.007) and Latino cases (P = 
0.005), and among women (P < 0.001), with higher rates among 
Asian cases compared with black cases (P = 0.003). Prevalence 
of primary SS differed by race/ethnicity overall (P = 0.001) and 
among women (P = 0.001), but no significant differences were 
found by pairwise comparison.

Incident and prevalent cases of primary SS meeting 
criteria for SLE. Cases with a diagnosis of primary SS also 
met ≥4 of the ACR and/or SLICC criteria for SLE despite not 
being clinically diagnosed with SLE (Table 6). Depending on the 
case definition for primary SS, 4.3–10.2% of incident cases met 
the ACR criteria for SLE and 5.8–16.3% met the SLICC criteria. 
The modified case definition for primary SS had the highest 
percentage of incident cases meeting ACR and SLICC criteria 
for SLE. There was a higher percentage of prevalent primary SS 
cases meeting SLE criteria (6.6–14.9%, for ACR criteria; 14.5–
34.0%, for SLICC criteria).

DISCUSSION

Our analysis of the MLSP data set provides incidence and 
prevalence rate estimates of primary SS among Manhattan resi-
dents. These data also provided epidemiologic estimates for the 
major racial/ethnic populations in the US. The age-standardized 
incidence and prevalence of physician-diagnosed primary SS 
in Manhattan were 3.5 (95% CI 2.9,4.1) and 13.1 (95% CI 
11.1,15.1) per 100,000 person-years, respectively. Capture-
recapture adjustment increased incidence rates by 17.2% 
and prevalence rates by 12.7%. By rheumatologist diagnosis, 
the age-adjusted incidence rate of primary SS was 2.1 (95% 
CI 1.7,2.6) and the prevalence rate was 7.3 (95% CI 5.9,8.9). 

Incidence was highest among Asian and white cases, though 
prevalence did not significantly differ by race/ethnicity, and there 
were substantial disparities in the prevalence and incidence of 
primary SS among Manhattan residents by sex. The current 
analysis also provides information on serologic and clinical man-
ifestations among primary SS cases, including data on extra
glandular manifestations. Additionally, these data reveal that up 
to one-third of prevalent cases diagnosed with primary SS also 
fulfill both ACR and SLICC criteria for SLE, even though they do 
not carry a diagnosis of SLE, reflecting commonalities in mani-
festations of the 2 diseases. Not surprisingly, these data suggest 
that in clinical practice physicians diagnose patients without for-
mal application of disease criteria.

Previous studies on the epidemiology of SS span decades, 
come from different regions of the world, and have used vary-
ing methods of case identification (2,3). The few published esti-
mates for the general population reveal annual incidence rates of 
6.9–20.1 per 100,000 persons and markedly discrepant prev-
alence figures ranging from 11.3 to 3790.1 cases per 100,000 
persons (3). Whether these estimates reflect genuine variability 
between different populations or differences in methodology and 
study design is unclear.

Existing data suggest that the disease is most common 
in middle-aged women, which is consistent with findings of 
our analysis (2,3). In line with these findings, our analyses were 
restricted to adults ages ≥18 years, though it is worth noting 
that the MLSP did identify pediatric cases of primary SS. How-
ever, including these pediatric cases into our prevalence and 
incidence estimates of physician-diagnosed primary SS would 
have decreased our estimates by at least 21%, given the small 
number of cases added to our numerator relative to the person-
years added to our denominator.

In a meta-analysis of primary SS studies published to date 
(3), 21 population-based studies were identified, of which only 10 
included a review of medical records; the rest were population-
based surveys. Six studies (20–25) determined an incidence 
rate, only 1 of which was US-based (21); the authors calculated a 
pooled primary SS prevalence rate of 60.8 per 100,000 person-
years and an incidence rate of 6.9 per 100,000, both of which 
were higher than our estimates. However, in line with the findings 
from our study, the authors found a higher pooled primary SS 
incidence rate among women compared with men (12.3 versus 
1.5). A report limited to European-based studies using the AECG 
criteria for primary SS showed a European prevalence rate of 
primary SS at 38.95 per 100,000 population (26), and after being 
updated as a meta-analysis showed a point prevalence of 4.7 
per 10,000 population (27).

A recent US-based study of primary SS that was conducted 
in Olmsted County, Minnesota (28), with a mostly white popula-
tion, reported a population-based prevalence estimate for primary 
SS based on physician diagnosis of 10.3 per 10,000 residents, 
which is also higher than our estimate. Even using the conserva-
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tive AECG definition, the prevalence estimate was still higher than 
ours at 2.2 (95% CI 1.3,3.1) per 10,000 (28). A separate study of 
the same population also showed a higher annual incidence rate 
of physician-diagnosed primary SS at 5.9 per 100,000 population 
(95% CI 4.4,7.4) (29).

There are virtually no studies that present primary SS find-
ings among diverse populations. The aforementioned meta-
analysis by Qin et  al (3) presented no information on race or 
ethnicity other than a few studies done in Taiwan (23–25), 
which found a pooled incidence rate of 6.6 per 100,000 person-
years with significant heterogeneity. One study conducted in 
the greater Paris area of France reported population-based 
estimates of primary SS prevalence among a multiracial/multi-
ethnic population (2). In line with our findings, in this study 
prevalence estimates of primary SS in adults ages ≥15 years 
ranged from 10.0 per 100,000 to 15.2 per 100,000, depend-
ing on the definition used. Prevalence was approximately 2 
times higher for non-Europeans, although incidence and further 
breakdown on non-European origin was not reported (2). Our 

study did not find significant differences in prevalence by race/ 
ethnicity but also had a different racial/ethnic makeup. We did, 
however, find significant differences in incidence by race/ethnicity.

There were several limitations regarding the development of 
the MLSP, which have been previously acknowledged (4). These 
analyses may have underestimated incident and prevalent cases, 
because 2 hospitals and one-fourth of rheumatologists in the 
catchment area, who practiced in predominantly white neigh-
borhoods, declined to participate. The Veteran’s Administration 
Hospital was one of the hospitals that declined to participate (the 
other was a cancer specialty hospital), which may have caused 
underidentification specifically of males diagnosed with primary 
SS in the present analysis. It is also possible that cases were 
missed if they lived in Manhattan but sought care in other bor-
oughs or a neighboring state. We also did not include ophthal-
mologists, otolaryngologists, or primary care practices among our 
case-finding sources.

As previously detailed (4), additional limitations of the MLSP 
resulted from the tremendous differences across medical sys-

Table 4.  Frequency of specific manifestations among prevalent primary SS cases among NYC Manhattan residents ages 18 and older, 2007*

Primary SS w/physician 
diagnosis (n = 166)

Primary SS w/rheumatologist 
diagnosis (n = 94)

Primary SS–modified definition 
(n = 47)†

No. available Positive No. available Positive No. available Positive

Glandular/serologies
Sicca symptoms 152 110 (72.4) 91 81 (89.0) 44 44 (100.0)
Anti-SSA/Ro 102 60 (58.8) 77 48 (62.3) 44 44 (100.0)
Anti-SSB/La 100 47 (47.0) 77 37 (48.1) 44 32 (73.0)
Anti-SSA/Ro and anti-

SSB/La
100 44 (44.0) 77 34 (44.2) 44 32 (73.0)

ANA 106 72 (67.9) 81 58 (71.6) 44 38 (86.0)
ANA titer >1:320 56 32 (57.1) 46 27 (58.7) 31 21 (68.0)
Rheumatoid factor 82 42 (51.2) 64 36 (56.3) 35 26 (74.0)

Extraglandular
Arthritis 166 37 (22.3) 94 26 (27.7) 44 16 (36.0)
Photo sensitivity 166 5 (3.0) 94 5 (5.3) 44 3 (7.0)
Lymphopenia 149 103 (69.1) 87 61 (70.1) 44 35 (80.0)
ILD 166 10 (6.0) 94 5 (5.3) 44 3 (7.0)
Pneumonitis 166 3 (1.8) 94 1 (1.1) 44 1 (2.0)
Transverse myelitis 166 0 (0.0) 94 0 (0.0) 44 0 (0.0)
Low complements 166 10 (6.0) 94 10 (10.6) 44 7 (16.0)
Raynaud’s 166 16 (9.6) 94 14 (14.9) 44 5 (11.0)
Cutaneous vasculitis 166 6 (3.6) 94 3 (3.2) 44 2 (5.0)
Cranial or peripheral 

neuropathy
165 17 (10.3) 94 12 (12.8) 44 5 (11.0)

Myositis 166 2 (1.2) 94 1 (1.1) 44 1 (2.0)

* Values are the number (%) of cases unless indicated otherwise. SS = Sjögren’s syndrome; NYC = New York City; ANA = antinuclear antibod-
ies; ILD = interstitial lung disease. 
† Case definition, slightly modified from the recent American College of Rheumatology/European League Against Rheumatism criteria, re-
quired documentation including primary SS diagnosis by any physician, documentation of dry eyes and/or dry mouth, and a positive test 
for anti-SSA antibody. 
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Table 5.  Rates of primary SS by modified definition among Manhattan residents ages 18 and older, overall and by race/ethnicity and sex*

Crude rate  
(95% CI)

Age-adjusted rate 
(95% CI)

P 
(by χ2)

Capture-Recapture†

No. of missed 
cases

Rate 
(95% CI)

Incidence, 2007–2009
Total 1.1 (0.8,1.5) 1.1 (0.8,1.5) <0.001 14.1 1.5 (0.3,2.6)
Male 0.2 (0.1,0.6) 0.2 (0.1,0.5) – –
Female 1.9 (1.4,2.6) 1.8 (1.3,2.5) – –
Race/ethnicity <0.001§

Non-Latino white 0.9 (0.6,1.4) 0.9 (0.5,1.3) 2.0 1.0 (0.6,1.4)
Non-Latino black 0.8 (0.2,2.0) 0.8 (0.2,2.1) 2.4 1.3 (–1.1,3.6)
Latino 0.7 (0.3,1.5) 0.7 (0.3,1.5) 1.2 0.9 (0.2,1.5)
Non-Latino Asian 3.0 (1.6,5.0) 3.3 (1.6,5.2) 8.2 4.7 (0.8,8.7)
Non-Latino other‡ – 0.3 –

Race/ethnicity, male 0.004
Non-Latino white 0.1 (0.0,0.6) 0.1 (0.0,0.5) – –
Non-Latino black 0.9 (0.1,3.2) 0.9 (0.1,3.2) – –
Latino – – –
Non-Latino Asian 0.5 (0.0,2.7) 0.6 (0.0,3.6) – –

Race/ethnicity, female <0.001¶
Non-Latina white 1.7 (1.0,2.6) 1.5 (0.9,2.3) – –
Non-Latina black 0.7 (0.1,2.6) 0.7 (0.1,2.7) – –
Latina 1.4 (0.6,2.8) 1.4 (0.5,2.8) – –
Non-Latina Asian 4.9 (2.6,8.5) 4.9 (2.5,8.6) – –

Prevalence, 2007
Total 3.3 (2.4,4.4) 3.3 (2.4,4.4) <0.001 18.6 4.7 (1.4,8.0)
Male 0.5 (0.1,1.4) 0.5 (0.1,1.4) – –
Female 5.7 (4.1,7.8) 5.7 (4.1,7.8) – –
Race/ethnicity 0.001

Non-Latino white 2.8 (1.7,4.4) 2.8 (1.6,4.3) 12.3 4.6 (0.6,8.6)
Non-Latino black 3.5 (1.3,7.6) 3.6 (1.3,7.8) 0.8 4.0 (2.6,5.3)
Latino 3.2 (1.5,5.9) 3.1 (1.5,5.7) 2.5 4.0 (2.4,5.6)
Non-Latino Asian 5.2 (2.3,10.3) 5.2 (2.1,10.5) 2.1 6.6 (3.0,10.2)
Non-Latino other‡ – 0.9 –

Race/ethnicity, male
Non-Latino white 0.9 (0.2,2.7) 0.9 (0.2,2.8) – –
Non-Latino black – – – –

Latino – – – –
Non-Latino Asian – – – –
Race/ethnicity, female 0.001

Non-Latina white 4.5 (2.6,7.3) 4.8 (2.5,7.2) – –
Non-Latina black 6.3 (2.3,13.8) 6.6 (2.4,14.5) – –
Latina 5.9 (2.9,10.9) 5.8 (2.7,10.7) – –
Non-Latina Asian 9.3 (4.0,18.4) 9.4 (3.9,19.1) – –

* Rates are per 100,000 Manhattan residents. Denominator data is based on 2007-2009 intercensal population estimates from the New York 
City Department of Health and Mental Hygiene, Bureau of Epi Services (2000–2014 files). Data are age adjusted to the US 2000 standard pop-
ulation. Cases were assigned to 1 of 5 mutually exclusive race/ethnicity categories. SS = Sjögren’s syndrome; 95% CI = 95% confidence interval. 
† For capture-recapture analyses, log-linear models were fit by race/ethnicity alone for cases meeting the modified case definition (which 
required documentation including primary SS diagnosis by any physician, documentation of dry eyes and/or dry mouth, and a positive test 
for anti-SSA antibody).  
‡ Non-Latino cases identifying with more than one race were categorized as non-Latino other. 
§ Non-Latino Asian cases differed from non-Latino white and Latino cases. 
¶ Non-Latina Asian cases differed from non-Latina black cases. 



IZMIRLY ET AL 958       |

tems and abstracting several years after the surveillance period. 
These limitations could have resulted in abstractors missing 
information such as results of minor salivary gland biopsies and 
objective results of ocular and oral tests. This could account 
for our rates using the modified case definition (16) being con-
siderably lower than those by physician and rheumatologist 
diagnosis.

Another explanation for these lower rates using the modified 
case definition comes from feedback obtained from our abstrac-
tors while in the field. Documentation of salivary gland biopsies or 
objective evidence of dry eyes (positive Schirmer’s test, rose ben-
gal test score, or other ocular dye score) and dry mouth (positive 
unstimulated whole salivary flow test, parotid gland sialography, or 
salivary gland scintigraphy) were rare, which limited our planned 
ability to use the various primary SS criteria (13,15,16). In addi-
tion, when biopsies were performed, they were not reported in 
any standardized way (30).

This observation was corroborated in the recent study by 
Maciel et al that explored the prevalence of SS in Olmsted County, 
MN, where the rates for AECG-confirmed SS were considerably 
lower than rates for physician-diagnosed SS (28). Maciel and col-
leagues concluded that classification criteria do not accurately 
reflect the diagnosis of SS in clinical practice, in part because the 
criteria include invasive tests that are rarely performed in routine 
care (28). Importantly, these criteria sets were not developed for 
diagnostic use in routine clinical practice, but were designed to 
capture a more homogeneous patient population for the purpose 
of research and clinical trials (31).

Additional limitations of our analysis pertain to assigning 
race and ethnicity based on administrative and medical records. 
Though available information did reflect the major ethnic sub-
groups in Manhattan, specific ethnicity information was missing 
for most Latino cases and more than one-fourth of Asian cases. 
Categorized broadly, Latino or Asian race encompasses a num-

ber of heterogeneous groups and primary SS rates among 
them may differ. Given the already limited number of published 
studies on primary SS among Asian and Latino individuals, 
additional work is needed to better describe and understand 
the epidemiology of primary SS among specific ethnic subpop-
ulations.

Despite these limitations, our analysis benefitted from 
the design and composition of the MLSP (4). First, the MLSP 
was designed as a population-based registry with a diverse 
population, which allowed us to estimate rates of primary SS 
among the major racial/ethnic categories. The partnership with 
the DOHMH allowed us to collect information from a number 
of case-finding sources, which facilitated more complete clin-
ical information on many cases. In addition, we conducted 
capture-recapture analyses to estimate missed cases. Finally, 
our abstractors all had medical backgrounds, which helped dur-
ing training and provided an advantage in identifying criteria and 
manifestations of primary SS during extensive review of medical 
records.

In conclusion, data from a large population-based regis-
try revealed substantial disparities by sex in primary SS among 
Manhattan residents. Differences were also found in the inci-
dence of primary SS by race/ethnicity, highlighting higher rates 
among Asian women that have not been documented previously 
in the US.
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† Case definition, slightly modified from the recent American College of Rheumatology/European League Against Rheuma-
tism criteria, which required documentation including primary SS diagnosis by any physician, documentation of dry eyes 
and/or dry mouth, and a positive test for anti-SSA antibody. 



SJÖGREN’S SYNDROME INCIDENCE AND PREVALENCE IN MANHATTAN |      959

medical records. At the New York City Department of Health 
and Mental Hygiene (DOHMH), the MLSP acknowledges the 
contributions of past and current members, including Tamira 
Collins-Bowers, Manasi Joshi, Bonnie Kerker, Maushumi Mav-
inkurve, Angela Merges, Kyyon Nelson, Viren Shah, Joseph 
Slade, Lorna Thorpe, Talytha Utley, and Elizabeth Waddell. 
In addition, the MLSP acknowledges the hard work of their 
abstractors, Drs. Janice McFarlane, Nick Stefanopoulos, 
Zahira Zahid, Rukayatu Ibrahim, Saleh Massasati, and Simone 
Shrestha. Finally, we acknowledge the support and contribu-
tion of the principal investigators of the other CDC-funded sur-
veillance sites, including Drs. Sam Lim, Cristina Drenkard, Emily 
Somers, Joe McCune, Maria Dall’Era, and Elizabeth Ferucci.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it critically 
for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Izmirly 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. Izmirly, Gordon, Helmick, Parton.
Acquisition of data. Izmirly, Buyon, Wan, Belmont, Sahl, Salmon, 
Askanase, Bathon, Geraldino-Pardilla, Ali, Ginzler, Putterman, Parton.
Analysis and interpretation of data. Izmirly, Buyon, Helmick, Parton.

REFERENCES
	1.	 Brito-Zerón P, Baldini C, Bootsma H, Bowman SJ, Jonsson R, 

Mariette X, et al. Sjögren syndrome. Nat Rev Dis Primers 2016. 
E-pub ahead of print.

	2.	 Maldini C, Seror R, Fain O, Dhote R, Amoura Z, De Bandt M, et al. 
Epidemiology of primary Sjögren’s syndrome in a French multiracial/
multiethnic area. Arthritis Care Res (Hoboken) 2014;66:454–63.

	3.	 Qin B, Wang J, Yang Z, Yang M, Ma N, Huang F, et al. Epidemiology 
of primary Sjögren’s syndrome: a systematic review and meta-
analysis. Ann Rheum Dis 2015;74:1983–9.

	4.	 Izmirly PM, Wan I, Sahl S, Buyon JP, Belmont HM, Salmon JE, et 
al. The incidence and prevalence of systemic lupus erythematosus 
in New York County (Manhattan), New York: the Manhattan Lupus 
Surveillance Program. Arthritis Rheumatol 2017;69:2006–17.

	5.	 Lim SS, Bayakly AR, Helmick CG, Gordon C, Easley KA, Drenkard 
C. The incidence and prevalence of systemic lupus erythematosus, 
2002–2004: the Georgia Lupus Registry. Arthritis Rheumatol 
2014;66:357–68.

	6.	 Somers EC, Marder W, Cagnoli P, Lewis EE, DeGuire P, Gordon C, 
et al. Population-based incidence and prevalence of systemic lupus 
erythematosus: the Michigan Lupus Epidemiology and Surveillance 
Program. Arthritis Rheumatol 2014;66:369–78.

	7.	 Ferucci ED, Johnston JM, Gaddy JR, Sumner L, Posever JO, 
Choromanski TL, et al. Prevalence and incidence of systemic 
lupus erythematosus in a population-based registry of American 
Indian and Alaska Native people, 2007–2009. Arthritis Rheumatol 
2014;66:2494–502.

	8.	 Dall’Era M, Cisternas MG, Snipes K, Herrinton LJ, Gordon C, 
Helmick CG. The incidence and prevalence of systemic lupus 
erythematosus in San Francisco County, California: the California 
Lupus Surveillance Project. Arthritis Rheumatol 2017;69:1996–
2005.

	9.	 New York City Department of Health and Mental Hygiene. EpiQuery: 
NYC interactive health data system- NYCDOHMH neighborhood 

population estimates, modified from the US Census Bureau vintage 
population estimates, 2007, 2008, 2009. 2016. https://a816-
healthpsi.nyc.gov/epiquery/. 

	10.	Hochberg MC, for the Diagnostic and Therapeutic Criteria 
Committee of the American College of Rheumatology. Updating 
the American College of Rheumatology revised criteria for the 
classification of systemic lupus erythematosus [letter]. Arthritis 
Rheum 1997;40:1725.

	11.	Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, et 
al. The 1982 revised criteria for the classification of systemic lupus 
erythematosus. Arthritis Rheum 1982;25:1271–7.

	12.	Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT, Fortin PR, et 
al. Derivation and validation of the Systemic Lupus International 
Collaborating Clinics classification criteria for systemic lupus 
erythematosus. Arthritis Rheum 2012;64:2677–86.

	13.	Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander 
EL, Carsons SE, et al. Classification criteria for Sjögren’s syndrome: 
a revised version of the European criteria proposed by the American-
European Consensus Group. Ann Rheum Dis 2002;61:554–8.

	14.	Lieberman SM. Childhood Sjögren syndrome: insights from adults 
and animal models. Curr Opin Rheumatol 2013;25:651–7.

	15.	Shiboski SC, Shiboski CH, Criswell L, Baer A, Challacombe S, 
Lanfranchi H, et al, for the Sjögren’s International Collaborative 
Clinical Alliance (SICCA) Research Groups. American College of 
Rheumatology classification criteria for Sjögren’s syndrome: a data-
driven, expert consensus approach in the Sjögren’s International 
Collaborative Clinical Alliance cohort. Arthritis Care Res (Hoboken) 
2012;64:475–87.

	16.	Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Lietman 
TM, et al. 2016 American College of Rheumatology/European League 
Against Rheumatism classification criteria for primary Sjögren’s 
syndrome: a consensus and data-driven methodology involving three 
international patient cohorts. Ann Rheum Dis 2017;76:9–16.

	17.	Klein RJ, Schoenborn CA. Age adjustment using the 2000 projected 
U.S. population. Healthy People 2010 Stat Notes 2001:1–10.

	18.	Hook EB, Regal RR. Capture-recapture methods in epidemiology: 
methods and limitations. Epidemiol Rev 1995;17:243–64.

	19.	Baillargeon S, Rivest L. Rcapture: loglinear models for Capture-
Recapture in R. J Stat Softw 2007;19:1–31.

	20.	Alamanos Y, Tsifetaki N, Voulgari PV, Venetsanopoulou AI, Siozos C, 
Drosos AA. Epidemiology of primary Sjögren’s syndrome in north-
west Greece, 1982–2003. Rheumatology (Oxford) 2006;45:187–91.

	21.	Pillemer SR, Matteson EL, Jacobsson LT, Martens PB, Melton LJ 
III, O’Fallon WM, et al. Incidence of physician-diagnosed primary 
Sjögren syndrome in residents of Olmsted County, Minnesota. Mayo 
Clin Proc 2001;76:593–9.

	22.	Plesivcnik Novljan M, Rozman B, Hocevar A, Grmek M, Kveder T, 
Tomsic M. Incidence of primary Sjögren’s syndrome in Slovenia. Ann 
Rheum Dis 2004;63:874–6.

	23.	See LC, Kuo CF, Chou IJ, Chiou MJ, Yu KH. Sex- and age-specific 
incidence of autoimmune rheumatic diseases in the Chinese 
population: a Taiwan population-based study. Semin Arthritis Rheum 
2013;43:381–6.

	24.	Weng MY, Huang YT, Liu MF, Lu TH. Incidence and mortality of 
treated primary Sjögren’s syndrome in Taiwan: a population-based 
study. J Rheumatol 2011;38:706–8.

	25.	Yu KH, See LC, Kuo CF, Chou IJ, Chou MJ. Prevalence and 
incidence in patients with autoimmune rheumatic diseases: a 
nationwide population-based study in Taiwan. Arthritis Care Res 
(Hoboken) 2013;65:244–50.

	26.	Cornec D, Chiche L. Is primary Sjögren’s syndrome an orphan 
disease? A critical appraisal of prevalence studies in Europe. Ann 
Rheum Dis 2015;74:e25.

https://a816-healthpsi.nyc.gov/epiquery/
https://a816-healthpsi.nyc.gov/epiquery/


IZMIRLY ET AL 960       |

	27.	Nocturne G, Seror R, Mariette X, Devauchelle-Pensec V, Saraux A, 
Chiche L. Primary Sjögren’s syndrome prevalence: what if Sjögren 
was right after all? Comment on the article by Maciel et al. Arthritis 
Care Res (Hoboken) 2018;70:951–3.

	28.	Maciel G, Crowson CS, Matteson EL, Cornec D. Prevalence of 
primary Sjögren’s syndrome in a US population-based cohort. 
Arthritis Care Res (Hoboken) 2017;69:1612–6.

	29.	Maciel G, Crowson CS, Matteson EL, Cornec D. Incidence and 
mortality of physician-diagnosed primary Sjögren syndrome: time 

trends over a 40-year period in a population-based US cohort. Mayo 
Clin Proc 2017;92:734–43.

	30.	Fisher BA, Jonsson R, Daniels T, Bombardieri M, Brown RM, Morgan 
P, et al. Standardisation of labial salivary gland histopathology 
in clinical trials in primary Sjögren’s syndrome. Ann Rheum Dis 
2017;76:1161–8.

	31.	Vitali C, Del Papa N. Classification and diagnostic criteria in Sjögren’s 
syndrome: a long-standing and still open controversy. Ann Rheum 
Dis 2017;76:1953–4.



961  

Arthritis Care & Research
Vol. 71, No. 7, July 2019, pp 961–969
DOI 10.1002/acr.23715 
© 2018, American College of Rheumatology

Early Self-Reported Pain in Juvenile Idiopathic Arthritis as 
Related to Long-Term Outcomes: Results From the Nordic 
Juvenile Idiopathic Arthritis Cohort Study
Ellen Dalen Arnstad,1 Veronika Rypdal,2 Suvi Peltoniemi,3 Troels Herlin,4 Lillemor Berntson,5 Anders Fasth,6 
Susan Nielsen,7 Mia Glerup,4 Maria Ekelund,8 Marek Zak,7 Kristiina Aalto,3 Ellen Nordal,2   
Pål Richard Romundstad,9 and Marite Rygg,10 on behalf of the Nordic Study Group of Pediatric Rheumatology

Objective. To study self-reported pain early in the disease course of juvenile idiopathic arthritis (JIA) as a predictor 
of long-term disease outcomes.

Methods. Consecutive cases of JIA with disease onset from 1997 to 2000 from defined geographical areas of 
Norway, Sweden, Finland, and Denmark were prospectively enrolled in this population-based cohort study. Self-
reported, disease-related pain was measured on a 10-cm visual analog scale (VAS pain). Inclusion criteria were a 
baseline visit with a pain score 6 months after disease onset, followed by an 8-year study visit. Remission was defined 
according to Wallace et al (2004) preliminary criteria. Functional disability was measured by the Childhood Health 
Assessment Questionnaire and the Child Health Questionnaire Parent Form if the child was age <18 years and by the 
Health Assessment Questionnaire if age ≥18 years. Damage was scored using the Juvenile Arthritis Damage Index.

Results. The final study cohort consisted of 243 participants, and 120 participants (49%) had oligoarticular onset. 
At baseline, 76% reported a VAS pain score >0 compared to 57% reporting at 8 years. Half of those who reported 
baseline pain also reported pain at 8 years but at a lower intensity. Compared to no pain, higher pain intensity at base-
line predicted more pain at 8 years, more functional disability, more damage, and less remission without medication. 
Baseline pain predicted more use of disease-modifying antirheumatic drugs/biologics during the disease course. 
Participants with oligoarticular JIA reporting pain at baseline were more likely to develop extended oligoarticular JIA 
or other JIA categories with an unfavorable prognosis.

Conclusion. Early self-reported, disease-related pain among children and adolescents with JIA is common and 
seems to predict persistent pain and unfavorable long-term disease outcomes.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a diverse chronic disease 
with onset at age <16 years. This most common rheumatic 
disease among children is characterized by at least 6 weeks of 
continuous arthritis of unknown cause in 1 or more joints (1). 
The incidence rate in the Nordic countries is reported to be 
approximately 15–22 per 100,000 children (2–4). JIA is a hetero-
geneous disorder classified into 7 categories, based on defined 

criteria occurring during the first 6 months after disease onset 
(5). Among the different categories, and within each category, 
the disease course and outcome differ markedly (6). Persistent 
oligoarticular JIA has the best prognosis of all JIA categories (7). 
Extended oligoarticular JIA has a more unfavorable outcome, 
similar to that of polyarticular disease (8,9). Predicting outcome 
is challenging, and several studies have focused on associations 
between long-term outcome and clinical characteristics and bio-
markers, such as the nature of joint involvement, the intensity 
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of acute-phase response, and the existence of autoantibodies 
and genetic variables (10). Because none of those predictors are 
perfect, and in order to tailor treatment to reach the target of clin-
ical remission, there is a need for more prospective longitudinal 
studies to evaluate early predictors using validated and multidi-
mensional measures (10). More patient-centered measurements 
have been needed for assessment of the course and outcome 
of JIA (11). Among the 6 core variables endorsed by the Ameri-
can College of Rheumatology (ACR) (12), only the parent/patient 
assessment of overall well-being can be defined as a patient-
reported measure. Patients, parents, and clinicians have pointed 
to more specific quality-of-life measures, and especially pain, as 
important measures when evaluating the course and outcome 
of JIA (11).

Pain is a frequent symptom among children and adoles-
cents with JIA (13,14). Pain perception is highly subjective, 
and different self-reported measures are used to detect pain 
frequency and intensity (15,16). Pain assessment in young 
children is especially challenging, because pain reports are 
dependent on the parents’ assumption of their child’s pain (17). 
Both unidimensional and multidimensional tools are available 
for parent and child/adolescent assessment of pain in JIA (16). 
Among the unidimensional tools, the visual analog scale (VAS) 
is a commonly used and validated scoring instrument (18,19). 
The pathogenesis of pain in children and adolescents with JIA 
is multifactorial, including both biologic and psychosocial fac-
tors (16,20). Pain is a distressing symptom, and several studies 
have elucidated the relationship between pain, functional dis-
ability, and health-related quality of life (21–24), but informa-
tion about pain as a predictor of long-term disease outcome 
is lacking.

In our Nordic population-based JIA cohort with comprehen-
sive and prospectively sampled data, we have previously studied 
different aspects of JIA (2,8). In this project, we aimed to study 
self-reported pain early in the disease course and the associa-
tion with long-term disease outcomes.

PATIENTS AND METHODS

Patients. The Nordic JIA cohort is a population-based 
cohort study. Consecutive cases of newly diagnosed JIA from 
defined geographical areas of Norway, Sweden, Finland, and 
Denmark with disease onset from January 1, 1997 to June 30, 
2000, were prospectively included. Disease onset was defined 
as the day the child fulfilled the criteria for active arthritis accord-
ing to information given by the parents/patient or by a physician. 
Participants were included consecutively and as soon as possible 
after the diagnosis was determined. However, the first extensive 
baseline visit was scheduled for 6 months after disease onset. 
This time point was chosen to enable classification of the disease 
into a JIA category, according to the International League Against 
Rheumatism Edmonton criteria (5). We have no registration of 
onset symptoms in the database. A detailed description of data 
collection and patient enrollment has been published previously 
(2,8). In the current study, participants were included if they had 
at least a baseline visit 6 months after disease onset with avail-
able pain scores, and participation in the 8-year follow-up visit. 
At both visits, we had data from clinical examinations, disease 
activity measures, previous and ongoing medication, and dam-
age and remission status, as well as results from blood tests. 
Health-related quality of life was reported by the children or by 
their parents.

Measures. Self-reported, disease-related pain intensity dur-
ing the previous week was measured on a 10-cm VAS for pain 
(where 0 = no pain and 10 = worst possible pain) by the child 
if age ≥9 years or by the parents if the child was age <9 years. 
VAS pain was assessed with the question “How do you rate your/
your child’s pain due to your/his or her illness in the past week?” 
As in previous studies on pain in JIA (15,24–26), pain analyses 
were explored both by categorization of VAS pain (0, >0 to 3, >3 
to 7, or >7 to 10), and dichotomized into 0 (no pain) or >0. We 
performed subanalyses on VAS pain scores in participants age 
<9 years and ≥9 years to look for any discrepancies between 
parent- and patient-reported pain (27). Self-reported physical 
disability questionnaires were the disease-specific and validated 
Childhood Health Assessment Questionnaire (C-HAQ; where 0 = 
no difficulty and 3 = unable to do) if the child was age <18 years 
(28,29), and the Health Assessment Questionnaire (HAQ; where 
0 = no difficulty and 3 = unable to do) if age ≥18 years (30). Chil-
dren age ≥9 years filled out the C-HAQ, and parents filled out the 
questionnaire for those age <9 years.

For children age <18 years, the parent form of the generic 
health-related quality-of-life instrument, the Child Health Question-
naire Parent Form (CHQ-PF50, or simply CHQ), was answered by 
the parents, yielding a physical summary score and a psychoso-
cial summary score (range 0–100, where 0 = worst, with a mean 
± SD score of 50 ± 10) (28,31,32). This instrument is designed 
to capture the child’s physical and psychosocial well-being 

SIGNIFICANCE & INNOVATIONS
•	 Pain is a frequent symptom, tends to persist, and 

affects health-related quality of life for children and 
adolescents with juvenile idiopathic arthritis (JIA).

•	 In this study, we showed for the first time that 
an early pain report is associated with long-term 
nonremission, functional impairment, more use of 
disease-modifying antirheumatic drugs/biologics, 
and, for those with oligoarticular JIA, development 
into extended disease.

•	 The study adds to the increasing amount of evi-
dence establishing the importance of pain assess-
ment in routine care of children and adolescents 
with JIA.
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independent of his/her disease, and it is comparable to norm 
scores from the general US population. Damage was scored by 
experienced pediatric rheumatologists using the Juvenile Arthritis 
Damage Index (JADI) assessment of articular damage (JADI-A) 
(range 0–72, where 0 = no damage) and extraarticular damage 
(JADI-E) (range 0–17, where 0 = no damage) (8,32). Damage was 
defined as either JADI-A and/or JADI-E score >0. As in previous 
studies, C-HAQ/HAQ and JADI scores were dichotomized into 0 
(no disability, no damage) or >0 (8,24,33). Physical and psycho-
social summary scores of the CHQ were dichotomized into <40 
(poor health) or ≥40 (better health) (28,31). Remission was defined 
according to the preliminary criteria described by Wallace et  al 
(34). Remission status was dichotomized into remission without 
medication or not in remission without medication (33). The latter 
included active disease, inactive disease not yet in remission, and 
in remission while taking medication.

Ethics approval. Medical research ethics committees 
from each participating country gave their approval accord-
ing to national practice and regulations in accordance with the 
Declaration of Helsinki. Written informed consent was obtained 

from children age ≥16 years and from their parents if age <16 
years.

Statistical analysis. We used descriptive statistics with 
median and interquartile ranges (IQRs) for continuous variables, 
and absolute frequency percentage with 95% confidence inter-
vals (95% CIs) for categorical variables. To evaluate the predic-
tive value of pain at baseline for outcome measures after 8 years 
and medication during the disease course, model-based absolute 
risks were estimated after binominal regression using the post-
estimation command lincom in Stata software, version 14. Sex 
adjustment was weighted 0.7 for girls to mimic the distribution in 
the population. In additional analyses, we also adjusted for age. To 
estimate absolute risks, we used the mean age at disease onset 
of 6.8 years. We used logistic regression to estimate the odds 
ratio with 95% CIs using VAS pain as a continuous variable. In 
further analyses, we made receiver operator characteristic (ROC) 
curves based on measures of sensitivity and specificity. The area 

Figure  1.  Flow-chart of the study population. JIA = juvenile 
idiopathic arthritis; F = female; M = male.

Included in the Nordic 
JIA study
n = 500

8-year follow-up
n = 440

(F = 291, M = 149)

8-year follow-up
(Norway, Sweden, 

Denmark)
n = 302

8-year follow-up with 
pain score 7 months after 

disease onset
n = 243

Oligoarticular 
disease 
at onset
n = 120

Missing at 8-year 
follow-up

n = 60

Finnish participants did 
not fill in the pain score 

7 months after 
disease onset

n = 138

Pain score missing 
7 months after 
disease onset

n = 59

All JIA 
categories except 

oligoarticular 
disease 
at onset
n = 123

Table 1.  Clinical characteristics of the juvenile idiopathic arthritis 
(JIA) study population*

Characteristic Total no. Values

Female 243 170 (70)
Oligoarticular JIA at onset 243 120 (49)
Age at disease onset, 

median (IQR) years
243 6.3 (2.9–10.3)

Age at 8-year follow-up, 
median (IQR) years

243 14.9 (11.1–18.5)

Disease duration at baseline 
visit, median (IQR) months

243 7 (6–9)

Disease duration at 8-year 
follow-up, median (IQR) 
months

243 97 (95–102)

VAS pain >0 at baseline 
visit†

243 185 (76)

VAS pain >0 at 8-year 
follow-up†

204 117 (57)

C-HAQ/HAQ >0 at 8-year 
follow-up

207 80 (39)

CHQ PhS <40 at 8-year 
follow-up

132 25 (19)

CHQ PsS <40 at 8-year 
follow-up

132 7 (5)

JADI >0 at 8-year follow-up 203 46 (23)
Not in remission at 8-year 

follow-up‡
236 135 (57)

* Values are the number (%) unless indicated otherwise. IQR = in-
terquartile range; VAS = visual analog scale; C-HAQ = Childhood 
Health Assessment Questionnaire (used for age <18 years); HAQ 
= Health Assessment Questionnaire (used for age ≥18 years); CHQ 
PhS = Child Health Questionnaire physical summary score (range 
0–100); CHQ PsS = Child Health Questionnaire psychosocial sum-
mary score (range 0–100); JADI = Juvenile Arthritis Damage Index. 
† Self-reported pain was measured on a 10-cm VAS pain scale. 
‡ Not in remission without medication according to the definition 
by Wallace et al (ref. 34). 
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under the curve was calculated with 95% CIs, and with the follow-
ing interpretations: an area of 0.5 or lower was considered to be 
no discrimination, ≥0.7 to <0.8 as acceptable discrimination, ≥0.8 
to <0.9 as excellent discrimination, and ≥0.9 as outstanding dis-
crimination (35). Statistical analyses were carried out using STATA 
software, version 14.

RESULTS

Clinical characteristics of the study group. Of the 
500 patients included from the 4 Nordic countries, 440 par-
ticipated in the 8-year follow-up. Due to lack of baseline pain 
scores, all Finnish participants (n = 138) and an additional 59 
participants from the other countries were excluded. The final 
study population consisted of 243 children (Figure  1) with a 
median baseline visit at 7 months and a final follow-up visit 
at 97 months (Table 1). Among these participants 70% were 
female, 49% had oligoarticular disease, and the median age 
was 6.3 years at disease onset and 14.9 years at follow-up 
(Table  1). The diagnostic delay was short, and the median 
interval between disease onset and diagnosis of arthritis by 
a physician was 50.5 days (IQR 14–101 days). Of these 243 
participants, intraarticular glucocorticoid injections had been 
given to 91 participants, and for 34 of these the drug had been 
given within the last 3 months of the baseline visit (results not 
shown). At this baseline visit, none of the participants were 
taking biologics, but 20 were taking systemic steroids. Meth-
otrexate was used by 31 of the participants, and of those, 8 
had cumulative doses ≥100 mg. The 60 participants who did 
not participate in the 8-year study did not differ significantly in 
the proportion of oligoarticular JIA or with respect to sex, and 
had a median follow-up of 47 months (range 5–83 months). 
At their last registered visit, 30 participants (50%) had a pain 

assessment, including 21 with VAS pain scores >0, and 9 with 
VAS pain scores = 0. Participants excluded from the current 
study due to lack of pain data at baseline had a lower median 
age (5.1 versus 6.3 years) and the proportion of males was 
slightly higher (39% versus 30%). There was no difference in 
the proportion of oligoarticular JIA at onset and remission sta-

tus at 8 years between the included and excluded participants.

Pain scores. More participants reported a VAS pain score 
>0 at the baseline visit (76%) than at 8 years (57%). The mean 
pain intensity score (VAS pain) of those reporting pain was higher 
at baseline, 3.0 (95% CI 2.6, 3.3) than at 8 years, 2.4 (95% CI 
2.0, 2.8). The distribution of pain intensity scores at the baseline 
visit and at the 8-year follow-up is shown in Supplementary Figure 
1,  available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23715/abstract. For partic-
ipants age <9 years at baseline, 118 of 159 (74%) had a parent-
reported pain score >0 with a mean intensity of 2.7 (95% CI 2.3, 
3.0), while 67 of 84 participants (79%) age ≥9 years had a patient-
reported pain score >0, with a mean intensity of 3.5 (95% CI 2.9, 
4.1). Among participants with pain measures both at baseline and 
8 years (n = 204), 50% reported a VAS pain score >0 at both visits, 
and 19% reported no pain at both visits (Figure 2). We divided this 
group into participants ages <9 and ≥9 years at baseline. Partici-
pants age <9 years had parent-reported pain scores at their first 
visit and patient-reported pain scores at their last visit, and 48% 
reported a VAS pain score >0 at both visits. Participants age ≥9 
years had only patient-reported pain scores, and 55% reported a 
VAS pain score >0 at both visits (results not shown).

Baseline pain scores and long-term outcome 
measures. The association between baseline pain scores 
subdivided into 4 categories of pain intensity and long-term 

Figure 2.  Venn diagram demonstrating pain persistency in the Nordic juvenile idiopathic arthritis study cohort. The cohort included 204 
participants with pain measures 7 months after disease onset and at the 8-year follow-up. Disease-related pain was measured on a 10-cm 
visual analog scale (VAS pain) (where 0 = no pain and 10 = worst possible pain). A continuous circle represents a VAS pain score >0 at 7 months 
and a broken circle represents a VAS pain score >0 at 8 years.

VAS pain >0 
at 7 months 
n = 150

VAS pain = 0
both at 
7 months and 
8 years 
n = 39

VAS pain >0
at 8 years 
n = 117

15
7%

102
50%

48
24%

39
19%

http://onlinelibrary.wiley.com/doi/10.1002/acr.23715/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23715/abstract
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outcome measures is shown in Table  2. Participants report-
ing a VAS pain score >0 at the baseline visit more frequently 
reported pain and functional disability (C-HAQ/HAQ >0) at the 

8-year follow-up. A distinct dose-response curve was observed 
with increasing pain intensity at baseline. Using VAS pain as a 
continuous variable, we observed an increased odds ratio for 

Table 2.  Association between baseline pain report at 7 months after disease onset and outcomes at 8-year follow-up in juvenile idiopathic 
arthritis*

Baseline VAS pain VAS pain >0† C-HAQ/ HAQ >0 CHQ PhS <40 JADI >0 Not in remission‡

0§ 15/54, 
28 (16, 40)

9/54, 
18 (8, 28)

3/32, 
11 (1, 21)

4/53, 
8 (1, 15)

14/55, 
26 (14, 37)

>0–3§ 53/86, 
62 (51, 72)

31/86, 
35 (25, 45)

8/62, 
12 (4, 21)

25/83, 
30 (20, 40)

61/95, 
64 (54, 74)

>3–7§ 44/58, 
74 (63, 85)

34/60, 
56 (44, 69)

14/38, 
37 (22, 52)

15/60, 
25 (14, 36)

52/73, 
71 (61, 81)

>7–10§ 5/6, 
90 (66, 114)

6/7, 
94 (80, 107)

0 
0

2/7, 
28 (–5, 61)

8/13, 
61 (35, 88)

Continuous, OR (95% CI)⁋ 1.5 (1.2, 1.7) 1.4 (1.2, 1.6) 1.4 (1.1, 1.7) 1.1 (0.9, 1.2) 1.2 (1.1, 1.4)

* Values are the number/total number, percentage (95% confidence interval [95% CI]) unless indicated otherwise. VAS = visual analog 
scale; C-HAQ = Childhood Health Assessment Questionnaire (used for age <18 years); HAQ = Health Assessment Questionnaire (used 
for age ≥18 years); CHQ PhS = Child Health Questionnaire physical summary score (range 0–100); JADI = Juvenile Arthritis Damage Index; 
OR = odds ratio. 
† Self-reported pain was measured on a 10-cm VAS pain scale. 
‡ Not in remission without medication according to the definition by Wallace et al (ref. 34). 
§ Self-reported pain was measured on a 10-cm VAS pain scale, adjusted for sex, weighted 0.7 for girls. 
⁋ Self-reported pain was measured on a 10-cm VAS pain scale, analyzed with VAS pain as a continuous variable, adjusted for sex, weight-
ed 0.7 for girls. 

Figure 3.  Receiver operator characteristic curves in the Nordic juvenile idiopathic arthritis study cohort for different disease outcomes after 8 
years compared to self-reported disease-related pain at 7 months after disease onset, measured on a 10-cm visual analog scale (VAS; where 0 = no 
pain and 10 = worst possible pain). Remission was defined according to the preliminary criteria described by Wallace et al (34). Functional disability 
was measured with the Childhood Health Assessment Questionnaire/Health Assessment Questionnaire. Damage was measured with the Juvenile 
Arthritis Damage Index, articular and extraarticular. The area under the curve (AUC) values were 0.74 (95% CI 0.67, 0.80) for persistent pain, 0.68 
(95% CI 0.61, 0.75) for not being in remission, 0.71 (95% CI 0.64, 0.79) for functional disability, and 0.58 (95% CI 0.50, 0.67) for joint damage.  
A, Persistent pain. B, Not in remission. C, Functional disability. D, Damage.

A B

C D



ARNSTAD ET AL 966       |

the different long-term outcomes. Functional disability as pre-
sented by the CHQ physical summary score demonstrated 
similar results. Participants reporting pain at baseline more fre-
quently were not in remission without medication at follow-up, 
compared to those reporting no baseline pain. A similar associa-
tion between increasing pain intensity at baseline and long-term 
remission status was observed, but the dose-response relation-
ship tended to level out at the most extreme pain intensities. 
Participants reporting no pain at baseline rarely reported pain 
(28%) and functional disability (18%) at 8 years, and 74% were 
in remission without medication. In all analyses, we adjusted 
for sex, and additional adjustment for age did not change the 
results. Similar to the results on long-term remission, pain, and 
functional disability, baseline pain was associated with the use 
of disease-modifying antirheumatic drugs (DMARDs) and bio-
logics during the 8-year disease course (see Supplementary 
Table 1, available on the Arthritis Care & Research web site at  
http://onlinelibrary.wiley.com/doi/10.1002/acr.23715/abstract). 
In contrast to the other 8-year outcome measures, psychosocial 
health assessed with the CHQ psychosocial summary score did 
not show an association with the baseline pain score (results not 
shown). The predictive ability of baseline pain was also analyzed 
using ROC curves, giving acceptable discrimination between 
early pain scores and long-term outcomes of pain, functional 
disability, and not being in remission at 8 years, but no clear 

discrimination was observed for long-term damage (Figure 3).

Baseline pain scores and long-term outcomes in the 
oligoarticular category. Among participants with oligoarticular 
JIA reporting a VAS pain score >0 at the baseline visit, 48% (95% 
CI 38, 60) developed extended oligoarticular disease or other JIA 
categories during the course of the disease compared to 30% 

(95% CI 16, 44) of those reporting no pain (Table 3). Also, a higher 
proportion of participants with a VAS pain score >0 at baseline 
was not in remission without medication, 65% (95% CI 55, 76), 
and reported pain, 61% (95% CI 50, 73) at 8 years, compared 
to those reporting no pain at baseline. In contrast, 70% (95% 
CI 56, 84) of those reporting no pain at baseline remained in the 
persistent oligoarticular JIA category at the 8-year follow-up. The 
associations were strengthened using VAS pain as a continu-
ous variable. In all analyses, we adjusted for sex, and additional 

adjustment for age did not change the results.

DISCUSSION

Among participants in the population-based Nordic JIA study, 
a higher proportion reported disease-specific pain 7 months after 
disease onset, and the pain was of higher intensity, compared 
to the 8-year follow-up. Half of the participants reporting pain at 
baseline also reported pain at 8 years. Self-reported pain early 
in the disease course predicted more pain, more functional dis-
ability, more damage, more use of DMARDs/biologics, and more 
long-term disease activity at 8 years. In addition, participants 
with oligoarticular JIA and a VAS pain score >0 at baseline more 
often developed an extended disease or other unfavorable JIA 
categories.

The strength of our study is the longitudinal and 
population-based design, a robust international cohort, and 
the use of validated and multidimensional outcome meas-
ures. The novelty in looking at associations between early 
pain report and long-term remission status, medication, and 
development into more unfavorable disease categories is also 
a major strength. Some limitations must be recognized. The 
exclusion of all the Finnish participants reduced the number 

Table 3.  Association between baseline pain report at 7 months after disease onset and outcomes at 8-year follow-up in juvenile idiopathic 
arthritis with oligoarticular onset*

Baseline VAS pain Extend oligo/others† VAS pain >0‡
C-HAQ/ 
HAQ >0 JADI >0

Not in  
remission§

0⁋ 12/40, 
30 (16, 44)#

10/37, 
26 (12, 40)

7/37, 
16 (7, 26)

3/36, 
7 (0, 15)

11/38, 
29 (14, 43)

>0⁋ 39/80, 
48 (38, 60)**

40/65, 
61 (50, 73)

26/66, 
39 (28, 51)

19/65, 
29 (18, 40)

51/78, 
65 (55, 76)

Continuous,  
OR (95% CI)††

1.3 (1.1, 1.6) 1.4 (1.1, 1.8) 1.4 (1.1, 1.8) 1.0 (0.8, 1.3) 1.3 (1.0, 1.5)

* Values are the number/total number, percentage (95% confidence interval [95% CI]) unless indicated otherwise. VAS = visual analog scale; 
Extend oligo = extended oligoarticular juvenile idiopathic arthritis (JIA); C-HAQ = Childhood Health Assessment Questionnaire (used for age 
<18 years); HAQ = Health Assessment Questionnaire (used for age ≥18 years); JADI = Juvenile Arthritis Damage Index; OR = odds ratio. 
† Oligoarticular JIA at 6 months changed to either extended oligoarticular or other JIA categories at the 8-year follow-up. 
‡ Self-reported pain was measured on a 10-cm VAS pain scale. 
§ Not in remission without medication according to the definition by Wallace et al (ref. 34). 
⁋ Self-reported pain was measured on a 10-cm VAS pain scale, adjusted for sex, weighted 0.7 for girls. 
# Others were 1 with enthesitis-associated arthritis and 2 with undifferentiated arthritis. 
** Others were 2 with psoriatic arthritis, 6 with enthesitis-associated arthritis, and 2 with undifferentiated arthritis. 
†† Self-reported pain was measured on a 10-cm VAS pain scale, analyzed with VAS pain as a continuous variable, adjusted for sex, weighted 
0.7 for girls. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23715/abstract
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of study participants but did not change the population-based 
design of the study. The missing early pain scores from the 
other countries might have skewed the remaining cohort, but 
the distribution of JIA categories and the remission status were 
comparable among those with or without early pain scores. 
Even though the VAS pain instrument is disease-specific, we 
cannot rule out that other musculoskeletal co-conditions, such 
as generalized joint hypermobility, specific onset symptoms, 
or differences in timing of diagnosis, might have influenced 
the child’s/parent’s pain rating. However, these possibilities 
are a challenge to all pain research. Since pain is a subjec-
tive descriptor, our cohort is close to population-based, and 
because trained pediatric rheumatologists ascertained the JIA 
diagnosis, we do not think that these possibilities will seriously 
disturb the interpretation of our results. Similarly, we cannot 
ascertain the nature of bodily pain that the participants scored 
when filling out this question in the CHQ questionnaire. How-
ever, we only used this question in accordance with the CHQ 
instructions, as one of many items describing a summary of 
physical function, and not as a pain measure. Parents report-
ing their child’s pain for children age <9 years constituted a 
majority of pain reports at the baseline visit, but a small minor-
ity at the 8-year follow-up. We cannot rule out some element 
of parent/child discordance, although the subanalyses on pain 
reports according to age at baseline seem to indicate that dis-
cordance was not a major problem. This result is in accord-
ance with a study from 2006 showing moderate agreement 
between parent’s and child’s pain rating (17). Our results are 
not directly comparable, because the parent/child pain reports 
are not from the same visit. The early pain scores from the 
baseline study visit 7 months after disease onset were given 
by participants both while taking and not taking medication, 
but only a few had started DMARDs.

Consistent with previous research, we found pain as a 
frequent symptom among the participants in our study cohort 
(14,16,36). We found a reduction in the number of participants 
reporting pain from baseline (76%) to the 8-year follow-up (57%). 
A quite similar reduction was found by Lovell and Walco (37) in 
1989, demonstrating pain frequency of 60% at baseline, 50% at 
1-year follow-up, and 40% at 5-year follow-up. In a recent 30-
year follow-up study of JIA in Norway, 66% of the participants 
reported pain of some degree (24).

In accordance with other studies, the intensity of pain was 
mainly in the mild-to-moderate range (19,37,38). Our results 
on early pain intensity with a mean VAS pain score of 3.0 are 
consistent with a recent cross-sectional study in children and 
adolescents with JIA from the southeastern region of the US, 
showing a mean VAS pain score of 2.6 (13). Our results on 
pain intensity at the 8-year follow-up appear to be lower com-
pared to other studies (14,39). Those studies are, however, 
skewed to the severe end of the JIA spectrum, whereas our 
population-based study included the full disease spectrum. 

Also, to compare studies on pain, age and disease duration 
must be taken into account.

Even in the biologic era with generally good disease control, 
persistent pain during the course of the disease remains a con-
cern (26,40,41). Half of our participants reporting pain at 7 months 
after disease onset also reported pain at the 8-year follow-up, 
indicating high pain persistency. This finding is in agreement with 
results from other studies showing that a significant number of 
children and adolescents with JIA continue to report pain during 
the course of disease and into adulthood (14,24,42). Notably, the 
proportion of pain persistence is fairly similar, whether the parents 
report their child’s pain, or whether the pain is self-reported at 
baseline. Pain persistence despite a seemingly good treatment 
response supports theories that the causes of pain are multifac-
torial (41,43). Both psychosocial and biologic factors contribute to 
these children’s subjective experience of pain (38,44,45).

Pain as a predictor of unfavorable health-related quality of 
life in children with JIA is widely studied (21,23,46,47). In a mul-
tinational quality-of-life study from the Pediatric Rheumatology 
International Trials Organization, pain was found to be a predictor 
of psychosocial well-being (21). In agreement with our study, pre-
vious studies have shown that pain at presentation was a strong 
predictor of persistent pain (42,48). In accordance with our results, 
pain as a predictor of functional disability was also found in a small 
cross-sectional study from the US (49). Except for health-related 
quality-of-life outcomes and functional disability, studies that spe-
cifically address pain as a predictor of other long-term outcomes, 
such as remission, damage, medication, and changing of JIA 
categories, are lacking. Our results demonstrate for the first time 
that early pain is associated with not achieving remission without 
medication in a long-term perspective. We also demonstrate, for 
the first time, that early pain reports predict a higher risk of devel-
opment into extended oligoarticular or other unfavorable JIA cate-
gories during the course of the disease. This finding suggests that 
early pain may be an indicator of subclinical disease activity or a 
marker of a more severe disease category. This possibility is also 
supported by the fact that a higher proportion of participants with 
an early pain report used DMARDs/biologics during the course of 
the disease.

Even though pain assessment has been highlighted as a 
quality measure of pediatric arthritis care (50), pain scores are 
infrequently used as guiding tools in daily care of these patients 
(41). Our results demonstrate that pain in children with JIA at an 
early stage in their disease should be taken seriously, not just to 
relieve ongoing discomfort, but probably also as a sign of ongoing 
clinical or subclinical disease activity. This necessity emphasizes 
the importance of pain assessment in routine care of children and 
adolescents with JIA. In a Canadian study where patients, par-
ents, and clinicians were asked what matters most in the care of 
JIA, pain was 1 of the 5 most important factors (11). The active 
joint count was the only 1 of these 5 factors that is included in 
the pediatric version of the ACR core variables for clinical care in 
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children with JIA (12). The association between early pain reports 
and long-term unfavorable outcome adds to the discussion on 
the validity of the ACR core variables, and on whether pain should 
be included in these variables. In conclusion, early self-reported 
pain in JIA is common, tends to persist, and seems to predict 
unfavorable long-term disease outcome in several outcome 
dimensions.
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The Risk of Ischemic and Hemorrhagic Stroke in Patients 
With Idiopathic Inflammatory Myopathies: A Swedish 
Population-Based Cohort Study
John Moshtaghi-Svensson,1 Ingrid E. Lundberg,2 Mia Von Euler,1 Elizabeth V. Arkema,1 and Marie Holmqvist2

Objective. To study the occurrence of ischemic stroke and hemorrhagic stroke in patients with idiopathic inflam-
matory myopathies (IIMs) compared to that in the general population and to investigate how it varies by sex, age, 
clinical subdiagnosis, and time since IIM diagnosis.

Methods. All patients in Sweden with newly diagnosed IIM were identified from the National Patient Register, and 
general population comparators were identified from the Total Population Register. The study population was fol-
lowed prospectively until death, emigration, December 2013, or first incident stroke. Incidence rates, rate differences, 
and hazard ratios (HRs) comparing patients with IIMs to the general population were estimated and stratified by age, 
sex, type of IIM, and time since diagnosis. To account for the competing risk of death, the subdistribution HR was 
estimated using Fine and Gray models.

Results. We observed 34 and 229 stroke events in 663 IIM patients and 6,673 comparators, respectively. The HR 
was elevated for ischemic stroke (HR 2.1 [95% confidence interval (95% CI) 1.4, 3.0]). Few hemorrhagic stroke events 
were identified, but an increased risk was observed (HR 1.9 (95% CI 0.7, 5.5]). The association remained elevated for 
both outcomes when taking the competing risk of death into account. For ischemic stroke, the rate difference was 
highest in the oldest age group (≥68 years), while the HR was highest in the youngest age group (<56 years).

Conclusion. Our findings indicate that the risk of both ischemic stroke and hemorrhagic stroke is increased in 
patients with IIMs, but it should be kept in mind that stroke is a rare event. Focus on prevention should be directed 
toward groups with the highest absolute risk, especially older patients.

INTRODUCTION

Idiopathic inflammatory myopathies (IIMs) are rare chronic 
rheumatic diseases mainly affecting skeletal muscle, causing 
weakness and low endurance. IIM is most commonly divided into 
3 adult clinical subdiagnoses: polymyositis (PM), dermatomyositis 
(DM), and sporadic inclusion body myositis (IBM) (1). Advances 
in the treatment of IIM have improved the prognosis, but IIM is 
still associated with increased mortality and morbidity (2). Cardio­
vascular disease is a major cause of death in IIM patients, but 
clinically manifest heart disease is uncommon (3).

A few cohort studies have investigated the risk of stroke 
in patients with PM and those with DM (4–7), with all showing 
an increased risk. A recent meta-analysis including 3 of these 

studies demonstrated a pooled relative risk for ischemic stroke 
of 1.61 in IIM patients compared to non-IIM populations, but 
due to the heterogeneity of the included studies, the actual risk 
of stroke following IIM diagnosis is still uncertain (8). In addition, 
few of the studies published thus far have investigated the risk 
of the 2 main subtypes of stroke (ischemic and hemorrhagic) 
separately and the stroke risk over time in individuals with 
IIM. Rate differences, which are important for communicating 
absolute risk, have not been reported, and only 1 study has 
presented stratified results based on age and sex, making it 
difficult to identify high-risk groups. Last, previous studies have 
not investigated the association while taking into account the 
competing risk of death, which could be important from a prog­
nostic perspective.
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The overall goal of this study was to investigate whether there 
is an increased risk of ischemic stroke and hemorrhagic stroke fol­
lowing an IIM diagnosis compared to the risk in the general popu­
lation. We sought to investigate when, in relation to disease onset, 
the risk of stroke is increased, and what demographic groups are 
at greatest risk. Because most previously published studies have 
used models that insufficiently account for death, we also aimed 
to model the relative risk of stroke, taking into account the com­
peting risk of death.

PATIENTS AND METHODS

Study design. We conducted a population-based cohort 
study including patients with newly diagnosed IIM and general 
population comparators, in order to investigate the risk of incident 
stroke following a diagnosis of IIM. This study was approved by 
the regional ethics review board in Stockholm.

Setting. All Swedish residents have access to publically 
funded health care. Patients with IIMs are treated at hospital-
based rheumatology or internal medicine units by specialists in 
rheumatology or at neurology units by specialists in neurology. 
Occasionally, patients with DM are treated in dermatology units. 
Linking between different health care and demographics register 
sources is possible through the use of each Swedish resident’s 
unique personal identity number.

Study population. IIM patients. We used the National 
Patient Register (NPR) to identify all adults (ages ≥18 years) fol­
lowed for IIM in Sweden. The NPR lists all non–primary care 
outpatient visits from 2001 and all hospitalizations from 1987 for 
all Swedish residents (9). For each visit, information is listed on 
the main diagnosis and up to 10 contributory diagnoses, using 
International Classification of Diseases and Related Health Prob­
lems, Tenth Revision (ICD-10), codes used in Sweden since 1997. 
Individuals with ≥2 visits indicating IIM (See Supplementary Table 
1, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract for ICD 

codes) at a rheumatology, neurology, internal medicine, or der­
matology unit were included in the study. We previously validated 
the ICD-10 codes used to identify IIM patients, using the Swedish 
Rheumatology Quality Register (SRQ), which includes the SweMy­
oNet register (10), as the gold standard. IIM patients are included 
in the SRQ by an IIM specialized rheumatologist. The positive pre­
dictive values for ICD-10 codes G724, M330, M331+M339, and 
M332 were all >80% (11).

Patients must have had their first-ever visit between 2002 and 
2011 and a follow-up visit within 1–12 months, in order to exclude 
possible miscoded visits. This approach allows for a 12-month 
washout period before the study period to exclude prevalent cases 
and 12 months after the study period to allow sufficient time for a 
follow-up visit. The patient’s follow-up visit was used as the index 
date. In addition, information on IIM patients was retrieved from the 
SRQ, which contains information on IIM-related clinical variables, 
including the diagnosis set by rheumatologists, since 2003.

Because there is no specific ICD-10 code for IBM, it is dif­
ficult to separate between PM and IBM using the NPR (see ref. 
11). Therefore, included IIM patients were given the diagnosis 
“DM or other IIM.” If the clinical subdiagnosis differed between 
the NPR and the SRQ, the SRQ was used as the gold standard.

General population comparators. Up to 10 individuals 
matched for age, sex, and place of residence were randomly 
selected from the Total Population Register (TPR) (12) and used 
as general population comparators. The general population 
comparators were assigned the same index date as their cor­
responding IIM patients. To be eligible as a general population 
comparator, each individual had to be living in Sweden at the time 
of matching (when the IIM patient was classified as having IIM).

Identification of outcome. Ischemic stroke and hem­
orrhagic stroke were identified from the NPR and the Cause of 
Death Register (CDR) (see Supplementary Table 1, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23702/abstract, for ICD codes). The CDR contains 
information on the main and contributory causes of death for almost 
all deaths in Sweden (13). The positive predictive value for stroke 
was shown to be 94% in the NPR and 87.3% in the CDR (14).

Exclusion criteria. All individuals with a history of stroke 
or stroke-related events (ischemic stroke, hemorrhagic stroke, 
or unspecified stroke), subarachnoid hemorrhage, seque­
lae of cerebrovascular disease and personal history of certain 
other diseases, or transient ischemic attack at baseline were 
excluded from the study (see Supplementary Table 1, avail­
able on the Arthritis Care & Research web site at http://online 
library.wiley.com/doi/10.1002/acr.23702/abstract for ICD codes).

Follow-up. Follow-up started on the index date and ended 
at the time of the first stroke event under evaluation (ischemic 
stroke or hemorrhagic stroke), death, migration, or December 31,  

SIGNIFICANCE & INNOVATIONS
•	 The risk of ischemic stroke in patients with idio-

pathic inflammatory myopathies (IIMs) was twice 
that in the general population.

•	 The number of hemorrhagic stroke events was 
small, but the risk was doubled in patients with IIM 
compared to that in the general population.

•	 The absolute risk for ischemic stroke was highest 
in the oldest individuals, while the relative risk was 
the highest in the youngest individuals.

•	 Stroke is a rare event, and focus on prevention 
should be directed toward the groups with the 
highest absolute risk.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract
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2013. Ischemic stroke and hemorrhagic stroke were analyzed 
separately, allowing individuals who had an ischemic stroke to 
contribute person-time and events in the analysis of hemor­
rhagic stroke and vice versa. The death date was identified from 
the CDR and date of migration from the TPR. Two IIM patients 
and 6 comparators had both outcomes.

Covariates. Information on sex and date of birth was 
retrieved from the TPR. Educational level was retrieved from 
the Longitudinal Integration Database for Health Insurance 
and Labour Market Studies, which integrates information 
from the labor market, social sectors, and educational sectors 
and is updated yearly and categorized into <9 years, 10–12 
years, and >12 years (15). Prevalent stroke risk factors were 
assessed at baseline. All individuals with ≥1 visit in the NPR 
indicating diabetes mellitus, hypertension, atrial fibrillation, or 
congestive heart disease prior to the index date were catego­
rized as having that specific risk factor.

Statistical analysis. Crude incidence rates for ischemic 
stroke and hemorrhagic stroke were calculated per 1,000 
person-years. Confidence intervals (CIs) were calculated assum­
ing a Poisson distribution, using the exact method (16).

The risks of ischemic stroke and hemorrhagic stroke were 
assessed separately, because they might be caused by differ­
ent mechanisms. The association between an IIM diagnosis and 
stroke was estimated using Cox proportional hazards models, 
with time since index date used as the time scale to calculate 
cause-specific hazard ratios (HRs) and 95% CIs as a measure­
ment of relative risk. This cause-specific regression model, which 
assumes that the 2 competing events (in this case, stroke and 
death) are independent, estimates the HR in the population that 
has not yet experienced the competing event (death) or event of 
interest (stroke). To estimate the HR of stroke taking the compet­
ing risk of death into account, we calculated the subdistribution 
HRs using Fine and Gray (17) competing-risks regression models. 
Cumulative incidence was estimated for ischemic stroke at 1, 5, 
and 10 years after diagnosis, taking the competing risk of death 
into account. The proportional hazards assumption was tested by 
introducing an interaction term between the exposure and the log 
of the time scale. P values less than 0.05 were considered signifi­
cant. In addition, age- and sex-adjusted rate differences between 
IIM and comparators were estimated using additive Poisson mod­
els.

Because the number of hemorrhagic stroke events was low, 
stratified estimates were performed for ischemic stroke only. Esti­
mates for ischemic stroke were stratified by sex, age at diagnosis 
(in tertiles), and IIM subdiagnosis (DM and other IIMs). Further­
more, the relative risk of ischemic stroke stratified by time since 
index date (<1 year, 1 to <5 years, 5 to <12 years) was estimated 
using time-dependent covariates. Effect modification by time 
since index date was tested using a likelihood ratio test.

Sensitivity analyses. Estimates were adjusted for stroke 
risk factors (education level, diabetes mellitus, hypertension, 
atrial fibrillation, and congestive heart disease) to investigate 
whether our results were driven by these factors. We also esti­
mated the subdistribution HR, with transient ischemic attack 
and other types of stroke as competing risks.

RESULTS

We identified 716 patients with newly diagnosed IIM and 
7,100 age- and sex-matched general population compara­
tors, among whom 53 (7.4%) and 425 (6%), respectively, were 
excluded due to prior stroke-related events (see Supplementary 
Table 2, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract). A 
total of 663 IIM patients and 6,673 general population compara­
tors were included in the study population. In both cohorts, 56% 
were women, and the mean age at the start of follow-up was 61 
years. One-third of the IIM patients had DM. The prevalence of 
stroke risk factors, hypertension, and congestive heart disease at 
baseline was higher in IIM patients compared to the general pop­

Table 1.  Baseline characteristics of the IIM patients and matched 
general population comparators identified between 2002 and 2011*

IIM patients 
(n = 663)

General population 
(n = 6,673)

Follow-up, median 
(IQR) years

4.6 (2.6–8.0) 6.0 (3.4–8.9)

Women 369 (56) 3,723 (56)
Age, mean ± SD 

years
61 ± 15 61 ± 14

Age group, years
<56 219 (33) 2,211 (33)
56 to <68 215 (32) 2,210 (33)
≥68 to ≤90 229 (35) 2,252 (34)

Education, years
<10 211 (32) 2,130 (32)
10–12 275 (41) 2,678 (40)
Missing 10 (2) 100 (1)

Diagnosis
Dermatomyositis 219 (33)  –
Other inflamma-

tory myopathy
444 (67) – 

History of 
comorbidities

Diabetes mellitus 35 (5) 256 (4)
Hypertension 98 (15) 580 (9)
Atrial fibrillation 35 (5) 220 (3)
Congestive heart 

disease
25 (4) 129 (2)

* Values are the number (%) except where indicated otherwise.  
IIM = idiopathic inflammatory myopathy; IQR = interquartile range. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract
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ulation (Table 1). However, when we adjusted for these factors, 
the estimates did not change (see Supplementary Table 3, avail­
able on the Arthritis Care & Research web site at http://onlineli­
brary.wiley.com/doi/10.1002/acr.23702/abstract).

The median follow-up was 4.6 years in IIM patients, among 
whom 178 (27%) were censored due to death and 2 (0.3%) due 
to emigration, compared to 6.0 years in the general population, 
among whom 641 individuals (10%) were censored due to death 
and 59 (0.9%) due to emigration.

We identified a total of 34 strokes in IIM patients: 30 
ischemic strokes (88%) and 4 hemorrhagic strokes (12%). 
In the general population, 229 strokes occurred during the 
study period; 201 (88%) were ischemic strokes and 28 (12%) 
were hemorrhagic strokes. IIM patients had their first ischemic 
stroke at a younger age compared to the general popula­
tion (66 years versus 72 years). The number of hemorrhagic 
strokes was small, but the age and sex distribution at the time 
of the first event was similar between IIM patients and the 
comparators (Table 2).

Association between IIM and stroke. For hemorrhagic 
stroke, the crude incidence rates were 1.1 (95% CI 0.3, 2.9) per 
1,000 person-years in IIM patients and 0.7 (95% CI 0.4, 1.0) 
per 1,000 person-years in the general population. The sex- and 
age-adjusted rate difference was 0.3 (95% CI −0.6, 1.1) per 
1,000 person-years, and the sex-, age-, and place of residence–
adjusted HR was 1.9 (95% CI 0.7, 5.5). For ischemic stroke, 

the crude incidence rate was 8.7 (95% CI 5.9, 12.4) per 1,000 
person-years in IIM patients and 4.9 (95% CI 4.2, 5.6) in the 
general population. The age- and sex-adjusted rate difference 
was 3.8 (95% CI 1.0, 6.5) per 1,000 person-years, and the HR 
was 2.1 (95% CI 1.4, 3.0). The incidence rate of ischemic stroke 
was higher in women with IIM than in women from the general 
population (7.6 [95% CI 4.3, 12.6] versus 4.6 [95% CI 3.7, 5.5] 
per 1,000 person-years). Men with IIM were also at higher risk 
than men from the general population (10.1 [95% CI 5.6, 16.6] 
versus 5.3 [95% CI 4.3, 6.5] per 1,000 person-years). The rela­

Table  2.  Characteristics of the IIM patients and matched 
general population comparators at the time of the first ischemic or 
hemorrhagic stroke*

IIM patients General population

Ischemic stroke
No. of events 30 201
Women 15 (50) 108 (54)
Age at event, mean 

± SD years
66 ± 13 72 ± 9

Hemorrhagic stroke
No. of events 4 28
Women 2 (50) 13 (46)
Age at event, mean 

± SD years
72 ± 6 70 ± 12

* Values are the number (%) except where indicated otherwise. 

Figure 1.  Number of strokes, years of follow-up in person-years, incidence rates, rate differences (RDs), and hazard ratios (HRs) for ischemic 
stroke overall and stratified by sex, age group, and diagnosis for patients with idiopathic inflammatory myopathies (IIMs) and general population 
comparators. 95% CI = 95% confidence interval.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract
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tive risk was highest in the youngest age tertile (<56 years) (HR 
4.6 [95% CI 1.8, 12.0]), but the age- and sex-adjusted rate dif­
ference was highest in the oldest age tertile (≥68 years) (rate 
difference 6.3 ([95% CI −2.7, 15.3]), respectively. The relative risk 
was increased for both patients with DM (HR 2.1) and those with 
other IIMs (HR 1.7) (Figure 1).

When we tested the proportional hazards assumption, the 
P value for the interaction term between exposure and the log 
of follow-up was <0.01, indicating that the hazards were non-
proportional; therefore, the HRs stratified by time since diagnosis 
might better represent the association between IIM and stroke.

When the association between IIM and ischemic stroke was 
estimated using a competing risk model with death as a com­
peting event, the subdistribution HR was lower (1.5 [95% CI 1.0, 
2.2]) compared to the HR from the cause-specific model. The 
subdistribution HR for hemorrhagic stroke was also decreased 
(see Supplementary Table 4, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23702/abstract). The cumulative incidence of ischemic stroke 
was almost doubled in IIM patients compared to the general pop­
ulation 1 year after diagnosis (0.9% and 0.4%, respectively) as 
well as after 5 years (4.0% and 2.2%, respectively) but was more 
similar after 10 years (5.8% and 4.6%, respectively) (Figure 2).

The cumulative incidence of ischemic stroke was small 
in both IIM patients and in the general population compared to 
the cumulative incidence of death (see Supplementary Table 5 
and Supplementary Figure 1, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23702/abstract).

Stroke in relation to time since diagnosis. After strat­
ification by time since the start of follow-up, the relative risk was 
doubled in IIM patients compared to the general population, for 
both the first year after and 1–5 years after diagnosis, while a non­
significant increase was observed after 5–12 years (Figure 3). No 
effect modification was observed by time since start of follow-up 
(P = 0.62 by likelihood ratio test).

Sensitivity analysis. After adjustment for baseline stroke 
risk factors, only small differences were observed compared to 
the primary analysis, and the overall estimated HRs remained 
the same for both hemorrhagic stroke and ischemic stroke. The 
largest differences were observed in the youngest age tertile (<56 
years), but the HR remained increased (HR 3.5 [95% CI 1.3, 9.7]) 
(Supplementary Table 3, available on the Arthritis Care & Research 
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23702/
abstract). Adding transient ischemic attack and hemorrhagic 
stroke as additional competing events to the Fine and Gray model 
did not alter the subdistribution HR (see Supplementary Table 
4, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23702/abstract).

DISCUSSION

In this population-based nationwide cohort study of stroke 
following IIM, we observed an increased risk of ischemic stroke 
in IIM patients compared to that in the general population. The 
relative risk was doubled directly following diagnosis and up to 5 
years later, but the difference decreased 5–12 years after diag­

Figure  2.  Cumulative incidence of ischemic stroke in patients with idiopathic inflammatory myopathies (IIMs) and general population 
comparators, taking into account the competing risk of death. Follow-up values are person-years. The incidence rate per 1,000 person-years 
and 95% confidence intervals (95% CIs) were estimated using a Poisson distribution. Hazard ratios were estimated by Cox models adjusted for 
age, sex, and county of residence at the index year. Rate differences were estimated using a Poisson model adjusted for age (tertiles) and sex 
and were not adjusted for age in the diagnosis subanalyses. n = number of strokes.
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nosis. The relative risk of ischemic stroke was highest in younger 
age groups, while the risk difference was highest in the oldest age 
group. We did observe an HR of 1.9 for hemorrhagic in stroke IIM 
patients compared to the general population, but due to the very 
few events, the 95% CI was wide and the estimate nonsignificant. 

When we took into account the competing risk of death using 
the Fine and Gray model, the subdistribution HR for ischemic 
stroke was decreased compared to the HR in the cause-specific 
model. A similar difference has been observed previously (5). 
Cause-specific Cox models can be used to estimate the HR in 
individuals who have not yet experienced the main event or any 
competing event. Because it has previously been shown that IIM 
patients have an almost 4-fold higher mortality compared to the 
general population (2), and death is a competing event for stroke, 
the subdistribution HR might better describe the relative risk for 
these patients in the context of prognosis by also incorporating 
the association with the competing event. With the subdistribution 
HR, it is possible to predict the effect that a variable will have on the 
cumulative incidence function even in the presence of competing 
risks (18,19). The cumulative incidence of stroke was increased 
in IIM patients compared to the general population, especially 
up to 5 years after diagnosis, but at 10 years the incidence was 
more similar. Because there are few individuals with 10 years of 
follow-up, this could be attributable to lack of power, and it is diffi­
cult to know whether or not the risk is decreasing with time. Previ­
ous studies have primarily focused on the HR from cause-specific 
models, which is of greater interest in etiologic studies (i.e., when 
investigating casual effects as opposed to studying prognosis and 
allocating resources for prevention) (20).

Our estimate for ischemic stroke is similar to what was 
observed in a recent meta-analysis (8) (pooled risk ratio 1.61 [95% 
CI 1.28, 2.02]) and a recent Canadian study (5) (age- and sex-
adjusted HRs of 2.46 [95% CI 1.38, 4.41] and 1.86 [95% CI 0.76, 
4.32] for patients with PM and patients with DM, respectively). The 

majority of previous studies estimating the relative risk of stroke 
associated with IIM have failed to separate hemorrhagic stroke from 
ischemic stroke (4–6), and because these types of stroke have dif­
ferent etiologies, it is important to investigate these outcomes sep­
arately. Although the incidence of hemorrhagic stroke in our study 
was too low to make certain conclusions, it indicates an increased 
risk of hemorrhagic stroke. A novel aspect of our study was the use 
of a register-based algorithm, which made it possible to identify and 
separately analyze patients with newly diagnosed IIM in Sweden. 
We could demonstrate a higher incidence of stroke during the first 
years after diagnosis compared to that after 5 years. This finding 
is in contrast to those in other studies, in which both incident and 
prevalent IIM cases or only hospitalized IIM patients were included 
(6,7). We could also stratify our results for demographic variables 
(age, sex) and length of follow-up, which is important if we hope to 
be able to identify specific risk groups in clinical practice.

The general population comparators and use of prospectively 
collected and linked data on comorbidity and covariates from pub­
lic registers with high coverage further increase both the internal 
and external validity of our findings. The risk of misclassification of 
the overall outcomes of ischemic stroke and hemorrhagic stroke is 
relatively low, because both outcomes are conditions that require 
hospitalization. It is possible that individuals with a minor stroke 
neglect to seek medical care, but they are found to a higher degree 
among IIM patients, due to more frequent contact with health 
care. This type of differential misclassification of outcome would 
therefore result in an overestimation of the true association. Also, 
unpublished data from Karolinska Institutet suggest that traumatic 
intracranial bleeding is sometimes misdiagnosed as hemorrhagic 
stroke, but this would likely be nondifferential and would have small 
effects on the estimated risk of hemorrhagic stroke.

A limitation of our study is the overlap of ICD codes used for 
IBM and PM, and that we have no ICD code to identify the newly 
identified subset of IIM, immune-mediated necrotizing myopathy. 

Figure 3.  Number of ischemic strokes, follow-up in person-years, and HRs with 95% CIs for ischemic stroke stratified by time since diagnosis 
in patients with IIM and general population comparators. HRs were estimated using Cox models adjusted for age, sex, and county of residence 
at the index year. See Figure 1 for definitions.
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Because of this limitation, we could analyze only DM separately 
and not other subgroups of IIM. The fact that we did not have 
information on the traditionally used classification criteria for dif­
ferent subsets of IIM is another limitation. Further, our aim was 
to examine whether IIM patients have an increased risk of stroke 
and to identify groups of IIM patients with the highest risk, and not 
primarily to identify why IIM patients have an increased risk above 
and beyond traditional risk factors for stroke; however, the lack 
of information on stroke risk factors such as hyperlipidemia and 
smoking is a limitation.

Identification of the underlying mechanism of stroke, in particu­
lar ischemic stroke, could be approached in IIM by assessing the risk 
in relation to traditional risk factors and other immunologic features 
(such as autoantibodies). Inflammatory markers such as C-reactive 
protein have previously been linked to an increased risk of stroke and 
could partly explain the increased risk of stroke in other rheumatic 
diseases such as systemic lupus erythematosus and rheumatoid 
arthritis (21). In IIM, however, the disease activity and main inflam­
matory marker used in clinical practice is serum levels of creatinine 
kinase, and we know very little about the role of creatinine kinase in 
the pathogenesis of cardiovascular diseases, including stroke.

In conclusion, our findings indicate that patients with IIMs 
have an increased risk of both hemorrhagic stroke and ischemic 
stroke. It should be kept in mind that even if the risk is elevated, 
stroke is still a rare event. Therefore, focus on prevention should 
be directed toward the groups with the highest absolute risk.
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Novel Ultrasound Image Acquisition Protocol and Scoring 
System for the Pediatric Knee
Tracy V. Ting,1 Patricia Vega-Fernandez,2 Edward J. Oberle,3 Deirdre De Ranieri,4 Hulya Bukulmez,5 
Clara Lin,6 David Moser,7 Nicholas J. Barrowman,8 Yongdong Zhao,9 Heather M. Benham,10 Laura Tasan,11 
Akaluck Thatayatikom,12 Johannes Roth,13 and the Childhood Arthritis and Rheumatology Research Alliance 
Juvenile Idiopathic Arthritis Ultrasound Workgroup

Objective. The use of musculoskeletal ultrasound is increasing among pediatric rheumatologists. Reliable scoring 
systems are needed for the objective assessment of synovitis. The aims of this study were to create a standardized 
and reproducible image acquisition protocol for B-mode and Doppler ultrasound of the pediatric knee, and to develop  
a standardized scoring system and determine its reliability for pediatric knee synovitis.

Methods. Six pediatric rheumatologists developed a set of standard views for knee assessment in children with 
juvenile arthritis. Subsequently, a comprehensive literature review, practical exercises, and a consensus process 
were performed. A scoring system for both B-mode and Doppler was then developed and assessed for reliability. 
Interreader reliability or agreement among a total of 16 raters was determined using 2-way single-score intraclass 
correlation coefficient (ICC) analysis.

Results. Twenty-one views to assess knee arthritis were initially identified. Following completion of practical ex-
ercises and subsequent consensus processes, 3 views in both B-mode and Doppler were selected: suprapatellar 
longitudinal and medial/lateral parapatellar transverse views. Several rounds of scoring and modifications resulted in 
a final ICC of suprapatellar view B-mode 0.89 (95% confidence interval [95% CI] 0.86–0.92) and Doppler 0.55 (95% 
CI 0.41–0.69), medial parapatellar view B-mode 0.76 (95% CI 0.68–0.83) and Doppler 0.75 (95% CI 0.66–0.83), and 
lateral parapatellar view B-mode 0.82 (95% CI 0.75–0.88) and Doppler 0.76 (95% CI 0.66–0.84).

Conclusion. A novel B-mode and Doppler image acquisition and scoring system for assessing synovitis in the 
pediatric knee was successfully developed through practical exercises and a consensus process. Study results 
demonstrate overall good-to-excellent reliability.

INTRODUCTION

Musculoskeletal ultrasound (MSUS) is a noninvasive, efficient 
modality for the assessment of inflammatory arthritis (1–3). In adult 
rheumatology, the clinical and research use of MSUS has become 
a routine point-of-care procedure; however, there are a limited 
number of studies of MSUS in juvenile idiopathic arthritis (JIA) and 
pediatric rheumatology (4,5).

Traditionally, the diagnosis of arthritis is made by clinical exam-
ination demonstrating swelling, pain, and/or limitation in range of 
motion of the joint. However, these findings may not be specific 
to synovitis, because trauma, infection, and pain amplification are 
other etiologies that can present similarly. Furthermore, in many 
children with synovitis, these findings may not be elicited on phys-
ical examination. Radiographic evaluation primarily assesses the 
bone and often shows only late manifestations of inflammatory 
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processes. Magnetic resonance imaging has several limitations, 
including the use of nephrotoxic contrast agents to enhance syno-
vial lining, the cost, and the frequent use of sedation for young 
children. Ultrasonography has significant advantages over other 
imaging technologies due to its cost-effectiveness, accessibility as 
a point-of-care tool, and ability to evaluate children without need-
ing intravenous contrast or sedation. The use of ultrasonography 
to evaluate arthritis in adults and children with rheumatic diseases 
can guide both diagnosis and treatment (5–11). Thus, developing 
standards for pediatric MSUS is imperative.

Due to the specific anatomy of a growing child, adult imag-
ing standards do not clearly apply to pediatric patients. Normal 
growth and bony ossification vary by age, maturity, and sex 
(12), and all compartments in the joint of a growing child may 
demonstrate vascularity by Doppler (13–15). Furthermore, both 
evidence-based recommendations on specific imaging protocols 
as well as reliable scoring systems for assessing arthritis among 
children are limited (11). Previously presented scoring definitions 
do not clearly apply to referenced illustrations (11), nor do general 
descriptions adequately apply to all joints and all views (16). Publi-
cations focusing specifically on sonography of the knee joint often 
assess only the suprapatellar recess and do not include the para-
patellar recesses (1,17), which provide additional value in deter-
mining synovitis (18). The parapatellar recesses may be especially 
valuable in assessing synovitis, because they are generally more 
superficial, which may increase sensitivity compared to the deeper 
suprapatellar recess (8,19–22).

Therefore, the objectives of this study were to establish 
a comprehensive image acquisition protocol for the pediatric 
knee and assess the feasibility of performing these views, and to 
develop a reliable, standardized scoring system for the assess-
ment of knee arthritis in B-mode and Doppler.

MATERIALS AND METHODS

Development of an image acquisition protocol. A 
comprehensive literature review was performed using the terms 
“knee, arthritis, synovitis, ultrasound, imaging, and pediatric.” Six 

pediatric rheumatologists trained in MSUS (6–10 years) reviewed 
the literature summarizing key points relative to the assessment 
of knee arthritis, including the most common sites of effusion, 
synovitis, and positioning of the knee. Via 3 teleconferences and 
at the Childhood Arthritis and Rheumatology Research Alliance 
(CARRA) JIA Ultrasound subgroup meeting in Toronto, Canada 
(2016), several discussions occurred regarding the key findings 
from the literature review. From these meetings, an initial proto-
col of recommended views for the knee was developed following 
100% consensus among the 6 pediatric rheumatologists.

Feasibility was assessed via a practical exercise car-
ried out in Cincinnati, Ohio, with 6 pediatric rheumatologists 
trained in MSUS (2–10 years). The study was approved by 
the Cincinnati Children’s Hospital Medical Center Institutional 
Review Board and patients recruited from the clinic provided 
written assent and consent to participate. During this exercise, 
3 patients with JIA (ages 11–14 years) underwent the initial 
imaging protocol. Following this first exercise, certain views 
were eliminated. The second exercise involved scanning 6 
additional patients with JIA (ages 8–19 years) with the revised 
version of the imaging protocol. Participants were seated with 
their examined knee flexed at 30 degrees and were either in 
a relaxed position or instructed to contract their quadriceps 
muscles. Images were viewed in both B-mode and power 
Doppler. Clear definitions were provided for the bony anatomic 
landmarks as well as for the soft tissues to ensure standard-
ized image acquisition. In the initial exercise, both still images 
and videos were acquired. Video clips (in both B-mode and 
Doppler) were obtained by scanning across the area of interest 
in order to determine the area of maximal pathology. We also 
scanned each region prior to the acquisition of the still images 
to ensure the capture of both the maximum distension of the 
synovial recess and the maximum number of Doppler signals. 
B-mode settings included a frequency range of 9–15 MHz 
(depending on the body size of the participant), and Doppler 
was measured with low flow settings, including a pulse repe-
tition frequency <1.0 (typically between 0.4 and 0.6), low wall 
filter, and frequency adjusted to obtain maximum sensitivity as 
well as gain set to just below artifact levels. All images under-
went an initial quality assessment, including the visualization 
of a thin layer of gel to avoid extensive pressure as well as 
the presence and good depiction of anatomic landmarks. The 
images were then used to evaluate the feasibility of identifying 
pathology, i.e., synovitis. Consensus agreement among the 6 
scanners led to the development of the final recommended 
image acquisition protocol. Figure 1 shows the various ana-
tomic structures included in the scanning protocol.

Development of a scoring system. An additional liter-
ature review was performed using the terms “knee, ultrasound, 
arthritis, synovitis, scoring, assessment, and B-mode, Doppler” 
in order to understand the ultrasound models that were cur-

SIGNIFICANCE & INNOVATIONS
•	 A comprehensive set of images incorporating views 

that were not previously included in the assess-
ment of arthritis in the pediatric knee was stan
dardized through consensus.

•	 A novel scoring system for the assessment of syno-
vitis specific to the pediatric knee was developed.

•	 Specific scoring systems for individual joints will 
increase reliability and ultimately lead to time- 
efficient application of these tools in clinical practice 
and research.
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rently being used for scoring. Analysis of these models and 
applicability to pediatric arthritis were discussed by the authors, 
and consensus was reached regarding a preliminary system 
for both B-mode and Doppler, specifically for the images rec-
ommended in the final version of the imaging protocol. The 
B-mode scoring system was built upon a previously estab-
lished scoring system for hemophilia (21) that was modified and 
expanded. The Doppler scoring system follows other adult and 
pediatric-specific scoring systems and definitions (11,23–25). 
However, these systems were not all developed for or assessed 
in the pediatric knee with inflammatory arthritis, and most do 
not include the parapatellar recesses, which provide an impor-
tant sonographic window for the detection of pathology.

Three scoring exercises of B-mode and Doppler were per-
formed on images of the knee, evaluating the suprapatellar, medial 
parapatellar, and lateral parapatellar recesses. These images were 
selected ensuring equal distribution across ages 2–18 years, and 
both sexes, as well as fulfilling the quality criteria of appropriate 
machine settings, clear visibility of bone contours, a layer of gel 
indicating the absence of compression, and the absence of Dopp
ler artifacts. Additional calibration of the system was assessed 
during the CARRA JIA Ultrasound subgroup meeting in Houston, 
Texas (2017), where 16 members of the subgroup (of variable 
ultrasound experience, from <1 year to 10 years) also participated 
in scoring exercises. Refinement of the scoring system occurred 
after each exercise following discussions to clarify definitions and 
improve the scoring consensus. Definitions were sent for the next 
round of scoring after the authors agreed with all aspects.

Images (n = 654) were scored individually by each scan-
ner and then analyzed following each exercise. To measure 
interreader reliability, or agreement of scoring between multiple 

raters, the 2-way single-score intraclass correlation coefficient 
(ICC) method with 95% confidence interval (95% CI) was used. 
Agreement was also assessed separately for the 6 authors 
with longer experience in the use of MSUS and for members 
of the CARRA JIA Ultrasound subgroup with less experience. 
ICC is a commonly used measure of interreader reliability for 
variables scored by multiple raters (26). An excellent ICC was 
considered to be 0.75–1.00, good 0.60–0.74, fair 0.40–0.59, 
and poor <0.4 (27).

RESULTS

Image acquisition protocol. A total of 21 views of the 
knee were obtained during the first iteration of the protocol, 
including static images as well as dynamic video clips sweep-
ing across a predetermined area (Table  1). Standard patient 
positioning was included, with the knee flexed to 30 degrees, 
and images were obtained with and without contraction of the 
quadriceps muscle. Feasibility was assessed during the first 
practical exercise. Regardless of experience level, the entire 
imaging protocol was completed in approximately 10 minutes 

per scanner.
A consensus meeting among the authors/scanners was 

conducted following the initial exercise. The group decided to 
eliminate views requiring quadriceps muscle contraction, given 
the challenges in interpreting both B-mode findings and Doppler 
due to motion artifact and the variability of the participants (ages 
8–19 years) to perform contraction adequately. Some of the par-
ticipants verbally indicated confusion regarding the technical pro-
cess of contraction, and others fatigued easily during contraction, 
rendering image acquisition unreliable. Moreover, the location and 

Figure 1.  Schematic of the anatomic structures of the scanning protocol. The probe position for the suprapatellar (1), medial parapatellar (2), 
and lateral parapatellar (3) scan is shown on the left with the corresponding schematic depiction of the visualized anatomic structures on the 
right. lat = lateral; med = medial.
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geometric dimensions of effusion were not reliable from scanner 
1 to scanner 6, indicating likely variability in effort and/or contrac-
tion technique (data not shown). We noted that involuntary move-
ments or changes in the position of a limb also affected visibility 
of fluid in the suprapatellar recess, irrespective of active contrac-
tion. In order to avoid variations due to involuntary contractions 
or other movements of the joint and subsequent redistribution of 
the synovial fluid, we then decided that contraction (simulated by 
3 full flexions/extensions of the knee) should occur prior to scan-
ning, which was easier to understand and could be performed 
by the patient or scanner. Finally, videos of dynamic views were 
eliminated because they did not clearly demonstrate differences 
in synovial recess distensions or presence of Doppler signals from 
those already noted on static views (data not shown). Further-
more, the presence of Doppler signal artifact was significant due 
to dynamic motion while scanning across a recess.

Based on the evaluation of images obtained during this 
exercise, a final image acquisition protocol was developed 
(Table 1). Indeed, the combination of static midline suprapa-
tellar and dynamic parapatellar (medial and lateral) views was 
sufficient to capture disease findings. Unlike previous sugges-
tions for parapatellar assessment (16), we elected to place 
the probe in the transverse view in the midpatellar portion as 
demonstrated in prior studies (21), because the clear identi-
fication of the patella (either fully ossified or partially ossified) 
as one of the landmarks is more reliable in this location. To 
further ensure accurate assessment in the parapatellar views, 
the probe was moved proximally and distally to capture the 
maximum pathology. Figure 1 shows schematic depictions of 
the 3 views.

Scoring system. Overall, a semiquantitative scoring sys-
tem ranging from 0 (normal) to 3 (severe) was developed for both 
the B-mode and Doppler systems. The B-mode system was 
adapted from an existing scoring system for hemophilia (21). The 
Doppler scoring system was applied to Doppler signals within 
the synovial recess and synovial hypertrophy only (25). Physio-
logic Doppler signals, such as feeding vessels, were excluded 
from the scoring system (25,28,29).

In total, 3 scoring exercises (Table 2) were performed by the 
authors (n = 6). The second and third scoring exercises were 
also completed by several other members of the CARRA JIA 
Ultrasound subgroup (10 members for the second and 4 for 
the third exercise). Exercise 1 included a total of 126 B-mode 
images and 83 Doppler images. Interreader reliability as deter-
mined by ICC analysis revealed fair agreement among the major-
ity of images but excellent agreement for suprapatellar B-mode 
(0.78). Medial and lateral parapatellar B-mode were 0.52 and 
0.60, respectively. Doppler for all 3 views had fair reliability: 0.39, 

0.57, and 0.54, respectively.
For calibration of the system, a second scoring exercise 

was performed in Houston, Texas, on day 2 of the CARRA 
meeting, with a total of 16 participants (authors plus CARRA JIA 
Ultrasound subgroup members). Day 1 involved discussion of 
the process and a review of the initial scoring system/atlas. The 
scoring exercise (90 total images) revealed fair to good reliability 
with B-mode scoring for suprapatellar, medial parapatellar, and 
lateral parapatellar views at 0.72 for CARRA subgroup members 
(0.82 for authors only), 0.56 (0.53 for authors), and 0.44 (0.52 for 
authors), respectively. Doppler scoring, however, was variable: 
0.24 (0.50 for authors), 0.38 (0.24 for authors), 0.68 (0.64 for 
authors), respectively.

Discussions following the 2 exercises and during the cali-
bration exercise revealed limitations of the scoring system in a 
few areas: 1) the differentiation of grades 2 and 3 in B-mode in 
the suprapatellar recess, which led to the introduction of addi-
tional measures compared to the previously published hemo-
philia scoring system (21); 2) the grading according to quartile 

Table 1.  Initial and final proposed ultrasound views for the pediatric 
knee*

B-mode CPD

Initial protocol
Midline suprapatellar 1 2 (v)
Midline suprapatellar, with 

contracture
3 4 (v)

Sweep medial to lateral 5 (v) 6 (v)
Medial parapatellar, with 

contracture
7 8 (v)

Medial parapatellar, no  
contracture

9 10 (v) 

Medial parapatellar, sweep 
proximal to distal

11 (v) 12 (v)

Lateral parapatellar, with 
contracture

14 15 (v)

Lateral parapatellar, no  
contracture

16 17 (v)

Lateral parapatellar, sweep 
proximal to distal

18 (v) 19 (v)

Cartilage in maximum knee 
flexion

20 21 (v)

Final protocol†
Midline suprapatellar  

longitudinal
1 2

Medial parapatellar  
transverse

3 4

Lateral parapatellar  
transverse

5 6

* Values are the image number. CPD = color power Doppler;  
v = video; sweep = scanning across a region. 
† For the final protocol, all images were performed with the knee 
flexed at 30o. The knee was flexed and extended 3 times prior to 
scanning. Proximal third of the patella must be in view for supra-
patellar images. Patella and femur must be in view for parapatellar 
images. In each location, the probe was moved to obtain a view 
with maximal distension of synovial recess or Doppler signals, as 
long as the defined bony landmarks were still visible. 
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percentages (<25% or more, etc.) for the parapatellar recess 
proved to be less reliable, and therefore a process to divide the 
recess into thirds was introduced; 3) the need for a clear defini-
tion of the outline of the normal parapatellar recesses; 4) review-
ing the area in which Doppler signals are relevant for scoring, 
particularly parapatellar recesses; 5) clarifying Doppler artifacts; 
and 6) avoidance of overgrading (i.e., giving a higher score due 
to artifact or misinterpretation).

Finally, a third scoring exercise among the authors and 4 par-
ticipants of the CARRA JIA Ultrasound subgroup was performed, 
with improvements to the atlas as noted above, including addi-
tional clarification of the normal synovial recess in the parapatellar 
views (see Supplementary Figure 1 [description in Supplementary 
Appendix 1], available on the Arthritis Care & Research web site 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23746/​abstract). 
Additionally in this third exercise, participants were asked to also 
score using thirds in lieu of percentages, to see whether this 
practice would significantly change scores or improve the ease 
of scoring.

Interreader reliability results from the third exercise (total 
images n = 345) were much improved (Table 2): suprapatellar view 
B-mode ICC 0.89 (95% CI 0.86–0.92) and Doppler 0.55 (95% CI 
0.41–0.69), medial parapatellar view B-mode 0.76 (95% CI 0.68–
0.83) and Doppler 0.75 (95% CI 0.66–0.83), and lateral parapatel-
lar view B-mode 0.82 (95% CI 0.75–0.88) and Doppler 0.76 (95% 
CI 0.66–0.84). Agreement did not significantly change between 
percentages versus thirds for the B-mode assessment of parapa-
tellar images; however, we felt that thirds provided a lower risk of 
overgrading and was conceptually easier to apply. Therefore, the 

consensus decision was to use thirds as the parameter to differ-
entiate the various grades.

B-mode suprapatellar images. Scoring of B-mode 
images for the suprapatellar view was based on grading 
scores of 0 (normal) to 3 (severe). The knee should be flexed 
at 30 degrees and images collected after the patient com-
pletes flexion and extension 3 times. Schematic illustrations 
and ultrasound images are shown in Figure 2 and in Supple-
mentary Figure 2 (description in Supplementary Appendix 1), 
available on the Arthritis Care & Research web site at http://
onlin​elibr​ary.wiley.com/doi/10.1002/acr.23746/​abstract. 
Longitudinal images of the suprapatellar joint space should 
include the proximal third of the patella and a clearly visual-
ized quadriceps tendon. Key variables of assessment include 
fat pad elevation, presence and degree of extension of effu-
sion (E), and/or synovial hypertrophy (SH). Due to physiologic 
amounts of fluid, a normal knee or grade 0 allows for a slit of 
fluid/synovium without elevation of the prepatellar fat pad but 
with only minimal extension beyond the prepatellar fat pad. 
Mild or grade 1 findings include minimal E/SH with elevation 
of the prepatellar fat pad and extension proximally <50% of 
the visualized portion of the quadriceps tendon. Grade 2 find-
ings reveal a moderate E/SH elevating the prepatellar fat pad 
with extension proximally >50% of the visualized portion of the 
quadriceps tendon. Last, a marked E/SH is considered grade 
3 if there is significant distension of the suprapatellar recess 
between the undersurface of the quadriceps tendon and the 
prefemoral fat pad, extending throughout the image, and with 

Table  2.  Intraclass correlation coefficient with 95% confidence interval from scoring exercises by authors and Childhood Arthritis and 
Rheumatology Research Alliance Juvenile Idiopathic Arthritis Ultrasound members*

Images

Exercise 1 Exercise 2 Exercise 3

B-mode 
(n = 136)

CPD 
(n = 83)

B-mode 
(n = 55)

CPD 
(n = 35)

B-mode 
(n = 208)

CPD 
(n = 137)

All views
Authors 0.66 (0.58–0.73) 0.53 (0.37–0.67) 0.67 (0.57–0.77) 0.48 (0.33–0.64) 0.84 (0.81–0.86) 0.75 (0.69–0.81)
All – – 0.61 (0.52–0.71) 0.48 (0.36–0.63) 0.78 (0.75–0.81) 0.64 (0.56–0.72)

Suprapatellar
Authors 0.78 (0.70–0.85) 0.39 (0.22–0.58) 0.82 (0.7–0.91) 0.50 (0.25–0.78) 0.89 (0.86–0.92) 0.55 (0.41–0.69)
All – – 0.72 (0.58–0.85) 0.24 (0.09–0.52) 0.83 (0.78–0.83) 0.55 (0.43–0.69)

Medial 
parapatellar

Authors 0.52 (0.37–0.67) 0.57 (0.38–0.75) 0.53 (0.32–0.75) 0.24 (0.07–0.52) 0.76 (0.68–0.83) 0.75 (0.66–0.83)
All – – 0.56 (0.39–0.77) 0.38 (0.20–0.64) 0.67 (0.58–0.76) 0.59 (0.46–0.71)

Lateral 
parapatellar

Authors 0.60 (0.47–0.73) 0.54 (0.32–0.73) 0.52 (0.34–0.72) 0.64 (0.37–0.87) 0.82 (0.75–0.88) 0.76 (0.66–0.84)
All – – 0.44 (0.29–0.64) 0.68 (0.48–0.88) 0.79 (0.72–0.85) 0.66 (0.54–0.77)

* Authors were experienced sonographers; All includes group members with variable levels of expertise. CPD = color power Doppler. 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
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the most proximal portion of the synovial recess being >50% 
of the maximum distension of the recess.

B-mode parapatellar images. Images of the parapatel-
lar gutters were obtained with the probe in transverse position 
over the midpatella (or the area of greatest distension) with both 
the patella and femur in view. Schematic illustrations as well as 
corresponding ultrasound images are shown in Figure 3 and in 
Supplementary Figures 3 and 4 (description in Supplementary 
Appendix 1), available on the Arthritis Care & Research web site 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23746/​abstract. 
Parapatellar normal knee (grade 0) indicates an empty parapa-
tellar recess, but a minimal bulge of E/SH may be found extend-
ing to the patellofemoral joint line. Mild findings (grade 1) include 
the presence of E/SH filling less than one-third of the full area of 
the parapatellar recess. Moderate findings (grade 2) have E/SH 
filling between one- and two-thirds of the full area of the parapa-
tellar recess. Finally, severe findings (grade 3) show E/SH that fills 
greater than two-thirds of the full area of the parapatellar recess.

Doppler images. The Doppler box should include the full 
recess area and extend to the top of the screen. Signals should 
only be considered if located within the area of SH in the recess. 
One should also be aware of normal feeding vessels in develop-
ing children. Normal Doppler (grade 0) shows the presence of no 

signal. Grade 1 includes 1–3 signals within the area of SH only. 
Grade 2 should show >3 signals or confluent signals present in 
<50% of the area of SH. Finally, significant Doppler signal or grade 
3 is scored when confluent signals are present in >50% of the 
area of SH. Notably, the area in relation to which this percentage 
is calculated is strictly determined only within the area of synovial 
proliferation. The overall pathology of the synovial recess might be 
larger; however, if Doppler signals were to be calculated relative 
to the entire synovial recess (i.e., including a synovial effusion) a 
lower grade might result. An illustration of the definitions is given in 
Supplementary Figures 5, 6, and 7 (description in Supplementary 
Appendix 1), available on the Arthritis Care & Research web site 
at http://onlin​elibr​ary.wiley.com/doi/10.1002/acr.23746/​abstract.

DISCUSSION

We propose a comprehensive, reliable, and quick MSUS 
scanning protocol with a well-defined scoring system of the knee 
in JIA. To our knowledge, this is the first study to present a scan-
ning and scoring system specifically for the assessment of arthri-
tis in the pediatric knee including suprapatellar and parapatellar 
views. Previous studies have been focused on adult patients (28–
31), have only assessed the suprapatellar recess, or have adopted 
a single standard scoring system for all joints (11,16). However, 
these previous publications have shown the challenges of a sin-

Figure 2.  Sonographic scoring system for the suprapatellar recess. The scoring system in B-mode for the suprapatellar recess is shown, 
further detailed in the article. For Grade 3 the length of line A has to be at least 50% of the length of line B. Color figure can be viewed in the 
online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
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gle standard scoring system to adequately capture the various 
views of a given joint (11). Our detailed descriptions of each view 
will likely provide a more comprehensive understanding of pathol-
ogy and disease activity important for both clinical and research 
use. Despite the need for multiple views of the knee, this imaging 
protocol can be completed at the bedside within 10 minutes. By 
electing to reference visible portions of the patella and quadriceps 
tendon, we obviated the need for a specific probe size when 
acquiring images. Although videos have been used in some adult 
scoring studies (28,32), we were able to capture a wide area of 
synovitis and maximal Doppler signal using still images alone. This 
restriction also eliminated the challenge of interpreting movement 
artifact, and it increased scanning efficiency, because less time 
was required for image acquisition. We evaluated the protocol 
with power Doppler images, but its use with color Doppler is not 
precluded, because both techniques are equally sensitive when 
settings are optimized (33). Furthermore, the choice among the 2 
modalities may depend on the machine and individual preferences 
of the examiner.

Our scanning and scoring protocols proved to be highly fea-
sible, even among pediatric providers with variable levels of expe-
rience in MSUS. Reliability increased with very clear, detailed, and 
specific definitions for each suprapatellar and parapatellar view, 
further underlining the need for joint-specific scoring systems. 
These specific definitions are particularly necessary in pediatrics, 
given normal variation in anatomy (variable degrees of ossification) 
and physiologic ultrasound findings (Doppler signals in particular). 
Our views and scoring systems can be applied to all ages across 
the pediatric spectrum, because the soft tissue characteristics are 

the same, the bony landmarks, whether fully or partially ossified, 
can be clearly identified, and pathologic Doppler signals can be 
differentiated from physiologic signals independent of age (as illus-
trated in the supplementary figures of the various scores).

Certain components of the knee JIA–specific scoring sys-
tem bear further discussion. First, the B-mode scoring system 
was adapted from a system designed for hemophilia, a unique 
disease with potentially different findings than those seen in JIA. 
When assessing the various options in our practical exercises, 
we nevertheless concluded that the basic principle behind the 
scoring system was relevant to our JIA patient population as 
well. The system appears to distinguish findings in patients with 
JIA, although modifications were needed, especially for grades 
2 and 3. Second, one aspect that is not being addressed con-
sistently in clinical practice and research is the interpretation of 
Doppler signals in an area of synovial hypertrophy only and the 
calculation of the percentage of involvement relative to this area. 
In particular, for the suprapatellar view, a grade 3 Doppler signal 
would be impossible to obtain in most cases when referenc-
ing the entire synovial recess, because the synovial proliferation 
often covers only a portion of it. Thus, inaccurate quantification 
of Doppler signals could result in difficulty documenting change 
over time. This problem has led some authors to suggest alter-
native scoring systems (34). Thus, for the knee, our scoring 
system also captures Doppler signals in the more superficial 
parapatellar recesses. Last, though physiologic blood flow may 
be more prominent in younger children, our detailed scoring  
system carefully differentiates normal from pathologic flow  
signals.

Figure 3.  Sonographic scoring system for the parapatellar recesses. The scoring system in B-node for the parapatellar recesses is shown, 
further detailed in the article. The structure in dark grey attaching at each side of the patella is the medial and lateral retinaculum. lat = lateral; 
med = medial. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23746/abstract
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One limitation in this study is that the investigators partici-
pated in several of the scoring exercises, continuously interacted 
with each other, and had discussions on making improvements 
to the scoring protocol. The improvements in overall interrater 
reliability may have occurred due to increased attention, interac-
tion of the investigators, and continuous learning throughout the 
study. However, different sets of images were used for each round 
of scoring. Furthermore, participants from the CARRA JIA Ultra-
sound subgroup also showed improvements from exercise 2 to 3 
with a more detailed scoring atlas.

The scanning protocol and scoring atlas presented here 
offer a reliable, simple, and quick tool to complement our clin-
ical examination of the pediatric knee with arthritis. Developing 
a scanning protocol and scoring atlas is one of the first steps 
to systematically using MSUS as a clinical and research tool. 
The scoring system proposed here is proven to have a good-to-
excellent interrater reliability. Further work will need to focus on the 
prospective clinical application, including correlation with clinical 
findings, responsiveness to change, and prediction of outcomes. 
Furthermore, developing specific scoring systems for the remain-
der of the joints will be an important next step in the process of 
developing a comprehensive framework for objectively evaluating 
disease activity in JIA patients.
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Patients With Early-Onset Gout and Development of 
Earlier Severe Joint Involvement and Metabolic Comorbid 
Conditions: Results From a Cross-Sectional Epidemiologic 
Survey
Tristan Pascart,1 Laurène Norberciak,1 Hang-Korng Ea,2 Pascal Guggenbuhl,3 and Frédéric Lioté2

Objective. Little is known of the clinical features and comorbidity profile of patients presenting with  
early-onset gout (EOG), although international guidelines recommend rapid treatment after diagnosis. The ob-
jective of this study was to assess specific characteristics and comorbidities of patients with gout who had an 
early onset.

Methods. Patients from a cross-sectional French national cohort who experienced their first gout flare before age 
40 years were included in the EOG group and compared to patients with an onset after age 40 years, the common 
gout group.

Results. A total of 120 patients were included in the EOG group (mean ± SD age 49.5 ± 11.9 years) and 865 pa-
tients in the common gout group (mean ± SD age 64.4 ± 10.1 years). Patients with EOG more often presented with 
a history of polyarticular flares (P < 0.01), but had similar frequency of flares (P = 0.16), gout arthropathy (P = 0.79), 
and tophi (P = 0.53). Prevalence of each item comprising metabolic syndrome did not differ between groups. In 
patients with EOG, all cardiovascular comorbidities were diagnosed after gout onset. Greater age, low high-density 
lipoprotein, and excessive alcohol intake were associated in multivariate analysis with the common gout group, while 
a familial history of gout, longer duration of urate-lowering treatment, higher serum uric acid levels, and metabolic 
syndrome were associated with the EOG group.

Conclusion. Patients with EOG developed slightly more severe joint involvement and earlier metabolic disorders 
than patients with common gout.

INTRODUCTION

Gout is the most common inflammatory arthritis, with a 
recent prevalence estimated at 0.9% in France and 3.9% in the 
US (1,2). The disease is triggered by monosodium urate depo-
sition after longstanding hyperuricemia (3). Unsurprisingly, given 
the natural history of the disease, results of epidemiologic studies 
agree that gout incidence increases with age until 70 years and 
that onset before age 40 years is unusual (4,5). Nonetheless, this 
observation does not apply to a significant proportion of patients; 

the prevalence of gout onset in adults between the ages of 30 and 
39 years reaches 1.3% in the US (2).

Patients presenting with early-onset gout (EOG) have been 
given specific attention by the recent European League Against 
Rheumatism (EULAR) and British Society of Rheumatology guide-
lines that recommend a rapid initiation of urate-lowering therapy in 
patients diagnosed with gout before age 40 years (6,7). Apart from 
a few studies of Asian patients (8–10), little is known of the clini-
cal features of patients with EOG in other populations, particularly 
their comorbidity profile. Profiling these patients is a prerequisite to 
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identifying patients and confirming the need for tailored manage-
ment of gout in this population.

The GOSPEL cohort (Goutte–observation des stratégies de 
prise en charge en médecine ambuLatoire) included a nationwide 
representative population of patients treated for gout in outpatient 
practice in France (11). The objective of this GOSPEL 4 study was 
to compare the clinical presentation, evolution, disease charac-
teristics, and comorbidities of patients with EOG to the general 
population of patients with gout.

PATIENTS AND METHODS

Study population. This study is part of the GOSPEL sur-
vey, completed in 2009, whose design and patient characteristics 
have been published elsewhere (11). This national cross-sectional 
epidemiologic survey included 1,003 outpatients ages >18 years 
diagnosed by their own physician (private practice only) as having 
gout. Patients who experienced their first gout flare prior to age 40 
years were included in the EOG group and compared to patients 
with onset after age 40 years (common gout group).

Patients’ clinical features, gout history, comorbidities, and treat-
ments prescribed were recorded by physicians (general practitioners 
and private practice rheumatologists) at the end of the baseline visit. 
In particular, time from the first manifestations of gout was noted, as 
well as time from and to the diagnosis of comorbid conditions. Items 
of metabolic syndrome were defined using the latest accepted defi-
nition: obesity (increased waist circumference >94 cm for men and 
>80 cm for women), elevated blood pressure (systolic ≥130 mm 
Hg or diastolic ≥85 mm Hg or ongoing antihypertensive therapy), 
elevated triglycerides (≥150 mg/dl or treatment), low high-density 
lipoprotein (HDL) cholesterol (≤40 mg/dl in men and ≤50 mg/dl in 
women or treatment), and hyperglycemia (≥100 mg/dl or drug treat-
ment for elevated glucose) (12). The prevalence of metabolic syn-
drome was secondarily calculated by the investigators and defined 
by the presence of ≥3 items of metabolic syndrome, whether or not 
those items had been searched for by physicians (12).

The creatinine clearance level estimated by the Cockcroft-
Gault formula gave an estimated glomerular filtration rate 
(eGFR). Only significant moderate or worse chronic kidney dis-
eases (CKDs) were considered (13,14). Stage 2 CKD was not 
determined, given that there was no data collected for protein-
uria, renal imaging, or kidney histologic findings. Stage 3 CKD 

was defined as a moderate alteration in eGFR between 30 and 
60 ml/minute, stage 4 CKD was defined as a severe decrease 
in eGFR to between 15 and 30 ml/minute, and stage 5 CKD 
related to kidney failure, with eGFR below 15 ml/minute (13).

Statistical analysis. All statistical analyses were per-
formed using R software, version 3.4. Qualitative variables 
were described as number (%) of each response modality; the 
number of missing data was recorded. Quantitative variables 
were described as mean ± SD, semiquantitative variables as 
median (interquartile interval) and the number of missing data. 
The 2 groups were compared on all variables. For quantitative 
and semiquantitative variables, Student’s t-test was used for 
normal data, and the nonparametric Mann-Whitney test was 
used otherwise. Qualitative variables were assessed using the 
chi-square or Fisher’s exact test as appropriate.

Multivariate analysis was then applied to identify significant 
associations of the variables with the EOG and common gout 
groups. Using patients who had all data available (no missing val-
ues), a binary logistic regression model was fitted with the var-
iables exhibiting P values less than 0.2 in the bivariate analysis 
(group comparison). Selection of variables by an automatic step-
by-step method based on the Akaike information criterion was 
used. Adjusted odds ratios (ORs) and 95% confidence intervals 
(95% CIs) were presented.

Since the sample of patients without any missing values (379 
of 985) was insufficiently representative of the whole study popula-
tion, a multivariate analysis including a multiple imputation strategy 
using chained equations was implemented. We considered the 
hypothesis that the process generating missing data is missing at 
random. The Mice R software package was used, with 5 imputa-
tions for all missing data. Five imputed samples were obtained. The 
binary logistic model with automatic variable selection was fitted 
on each sample and pooled ORs and 95% CIs were computed.

In order to observe the influence of missing data imputation 
on the estimation model, the results obtained with the complete 
cases and those obtained using multiple imputations were com-
pared. All statistical tests were 2-sided, and P values less than 
or equal to 0.05 were considered significant.

RESULTS

Bivariate analysis. The age of the first gout flare was 
known for 985 of the 1,003 patients (98.2%) comprising the 
GOSPEL cohort. Of the 985 patients, 120 (12.2%) were included 
in the EOG group and were mean ± SD age 49.5 ± 11.9 years at 
the time of the study, whereas the 865 patients in the common 
gout group were mean ± SD age 64.4 ± 10.1 years (P < 0.0001) 

(Table 1). The age of gout symptom onset is shown in Figure 1.
Clinical presentation suggested disease to be more severe in 

the EOG group as compared to patients with common gout. There 
was a significantly greater proportion of patients who had experi-

SIGNIFICANCE & INNOVATIONS
•	 Patients presenting with gout before age 40 years 

develop earlier metabolic comorbidities.
•	 Patients presenting with gout before age 40 years 

develop earlier severe joint involvement.
•	 Patients with early-onset gout have preserved their 

renal function compared to patients developing 
gout later on.
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Table 1.  Characteristics of the early onset and common gout groups*

Characteristics†
Early-onset 
(n = 120)

Common 
(n = 865) P

Demographics
Age, years (n = 985) 49.5 ± 11.9 64.4 ± 10.1 <0.0001
Age at gout onset, years (n = 985) 32.8 ± 5.7 57.2 ± 10.9 <0.0001
Gout duration, years (n = 985) 16.2 ± 13.1 6.9 ± 6.7 <0.0001
Men, % 96.7 86.6 0.08
Known family history of gout, % (n = 980) 38.1 16.7 <0.0001
Renal stone, % (n = 974) 8.5 3.6 <0.05
Excessive alcohol consumption, % (n = 793) 41.8 50.8 0.12
Daily alcohol consumption, grams/day (n = 793) 27.7 ± 27.2 31.8 ± 31.1 0.1
Daily consumption of sugar-sweetened beverages, %  

(n = 799)
35.4 26.6 0.09

Body mass index, kg/m2 (n = 979) 28.7 ± 4.0 28.3 ± 4.1 0.16
Clinical tophi, % (n = 985) 17.5 19.9 0.54

Treatment
Ongoing ULT, % (n = 973) 68.9 67.9 0.91
ULT (allopurinol) duration, years (n = 970) 11.3 ± 10.2 6.6 ± 6.0 <0.001
Serum UA level at ULT initiation, mg/dl (n = 943) 8.86 ± 1.52 8.54 ± 1.19 <0.05
Last serum UA level, mg/dl (n = 802) 6.97 ± 1.70 6.77 ± 1.97 0.14
Last serum UA level below 6.0 mg/dl, % (n = 802) 19.1 29.8 <0.05

Joint disease
Gout arthropathy, % (n = 985) 22.5 23.6 0.79
Number of flares per year (n = 985) 2.14 ± 1.75 1.93 ± 1.49 0.06
≥2 flares per year, % (n = 985) 96.7 92.7 0.16
≥1 polyarticular attack, % (n = 956) 49.6 34.8 <0.01
Arthritis other than 1st MTP joint, % (n = 954) 53.8 40.5 <0.01

Comorbidities, %
eGFR below 60 ml/minute (n = 690) 6.3 21.3 <0.01
Ischemic heart disease (n = 973) 3.4 9.4 <0.05
Physician-identified dyslipidemia (n = 975) 36.4 48.9 <0.01
Physician-identified hypertension (n = 979) 30.8 57.8 <0.0001
Cerebrovascular accident (n = 970) 1.7 3.3 0.57
Physician-identified diabetes mellitus (n = 973) 12 15.5 0.38
Diuretics use (n = 985) 9.2 23.5 <0.0001
Metabolic syndrome (n = 985) 53.3 64.0 <0.05
High blood pressure (n = 984) 85 91 0.06
Hyperglycemia/type 2 diabetes mellitus (n = 691) 61.8 60.5 0.93
Abdominal obesity (n = 899) 82.1 82.7 0.99
Low HDL cholesterol (n = 662) 57.6 67 .4 0.14
Hypertriglyceridemia (n = 696) 77 .6 81.6 0.53

* Values are the mean ± SD unless indicated otherwise. Metabolic syndrome was defined as the presence of ≥3 of the following (all items 
with missing data were considered negative): abdominal obesity (elevated waist circumference >94 cm for men, >80 cm for women), high 
blood pressure (systolic ≥130 mm Hg, diastolic ≥85 mm Hg, or ongoing antihypertensive therapy), hypertriglyceridemia (triglycerides ≥150 
mg/dl or treatment), low high-density lipoprotein (HDL) cholesterol (≤40 mg/dl in men, ≤50 mg/dl in women or treatment), or hyperglycemia 
(fasting glucose ≥100 mg/dl or drug treatment for elevated glucose). Statistical significance was defined as P < 0.05. ULT = urate-lowering 
therapy; UA = uric acid; MTP = metatarsophalangeal; eGFR = estimated glomerular filtration rate (Cockcroft-Gault formula). 
† n = number of patients with available data. 
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enced arthritis other than the first metatarsophalangeal joint in the 
EOG group (53.8%) than in the common gout group (40.5%) (P < 
0.01). Furthermore, significantly more patients of the EOG group 
versus the common gout group had experienced polyarticular flare. 
Disease activity was similar between groups regarding the past 
year’s number of flares, although a lower proportion of patients 
reached the serum uric acid (UA) target of <6.0 mg/dl in the EOG 
group (19.1% versus 29.8%; P < 0.05) (15). Severity of the disease 
was also similar for both arthropathy and clinically palpable tophi 
(Table 1).

Patients from the EOG group reported their general health as 
being better (75.8% good, 23.3% fair, and 0.8% poor) compared 
to the health of the common gout group (63.4% good, 32.6% fair, 

and 4.0% poor; P = 0.02). On a scale of 0 (none) to 100 (worst), 
gout tended to have a greater impact on the mood of patients in 
the EOG group, with a mean ± SD score of 41.3 ± 33.0 compared 
to mean ± SD score of 33.6 ± 27.7 in the common gout group (P 
= 0.09). Using a similar scale, all patients considered that gout had 
a negative impact on their social life with a mean ± SD score of 
29.3 ± 30.9 in the EOG group versus a mean ± SD score of 27.9 
± 25.5 in the common gout group (P = 0.52).

Regarding comorbidities, a greater proportion of patients in the 
common gout group had moderate to severe CKD (eGFR below 
60 ml/minute using the Cockcroft-Gault formula), and 130 of 611 
patients (21.3%) with available eGFR information had CKD 3 or 4 
in the common gout group, compared to 5 of 79 patients (6.3%) 
in the EOG group (P < 0.01). Metabolic syndrome was significantly 
more prevalent in the common gout group (554 of 865 patients 
[64.0%]) than in the EOG group (64 of 120 patients [53.3%]; P < 
0.05). When considering individual items of metabolic syndrome 
separately, the prevalence of each item was not significantly differ-
ent between groups when they were measured (Table 1).

The time from the physician diagnosis of cardiovascular com-
plications to the first symptoms of gout was significantly different 
between groups. Gout preceded all cardiovascular events in the 
EOG group in contrast with the common gout group, where all 
events were diagnosed at approximately the same time as gout.

Multivariate analysis. Multivariate analysis was performed 
using 18 variables exhibiting P values less than 0.2 in the bivariate 
analysis (group comparison). Only 12 variables were retained in 
≥1 of the reduced models (a no missing values model and mod-
els on the 5 imputed samples). ORs for these 12 variables (the 

Figure 1.  Age at gout onset and distribution of study participants.

Table 2.  Variables associated with early-onset gout group, using the common gout group as reference*

Variables

No missing values 
(n = 379)

Multiple imputations 
(n = 985)

Adjusted OR 
(95% CI) P

Adjusted OR 
(95% CI) P

Age 0.83 (0.78–0.88)† <0.0001† 0.8 (0.77–0.83)† <0.0001†
Known familial history of gout 3.12 (1.28–7.69)† 0.01† 2.33 (1.31–4.13)† 0.004†
Renal stone 1.25 (0.09–8.22) 0.84 2.82 (0.86–9.18) 0.08
Excessive alcohol consumption 0.41 (0.16–1.06) 0.068 0.51 (0.29–0.9)† 0.02†
ULT (allopurinol) duration, years 1.2 (1.13–1.29)† <0.0001† 1.23 (1.17–1.29)† <0.0001†
Last serum UA level, mg/dl 1.006 (1.002–1.01)† 0.009† 1.006 (1.003–1.01)† 0.0006†
≥1 polyarticular attack 1.12 (0.39–3.5) 0.84 1.59 (0.86–2.95) 0.14
Arthritis other than 1st MTP joint 1.34 (0.55–3.29) 0.51 1.64 (0.93–2.9) 0.08
Physician-diagnosed dyslipidemia 3.17 (0.8–14.43) 0.12 2.15 (0.81–5.68) 0.12
Diuretics use 0.41 (0.09–1.39) 0.19 0.82 (0.35–1.89) 0.64
Metabolic syndrome 7.04 (1.4–47.03)† 0.03† 1.87 (0.91–3.83) 0.09
Low high-density lipoprotein 0.2 (0.04–0.87)† 0.04† 0.26 (0.09–0.75)† 0.01†

* Multivariate analyses of explanatory variables using a model integrating patients with all available values only (no missing values model) 
and a model using multiple imputations for missing values. OR = odds ratio; 95% CI = 95% confidence interval; ULT = urate-lowering therapy; 
UA = uric acid; MTP = metatarsophalangeal. 
† Statistical significance defined as P < 0.05. 



PASCART ET AL 990       |

no missing values only model and pooled ORs for the multiple 
imputations model) are shown in Table  2. Overall, 40 patients 
in the EOG group and 339 patients in the common gout group 
had all data available. In the EOG group, the available data were 
excessive alcohol consumption (117 of 120), metabolic syndrome 
(70 of 120), and serum uric acid (UA) level (113 of 120). Greater 
age, low HDL level, and excessive alcohol intake were associated 
with the common gout group, while a familial history of gout, a 
longer duration of urate-lowering therapy treatment, higher serum 
UA levels, and metabolic syndrome were associated with the 
EOG group. Association of the EOG group with metabolic syn-
drome was highly significant in the model including only patients 
having all data available, with an odds ratio (OR) of 7.04 (95% 
confidence interval [95% CI] 1.4–47.03), but significance was lost 
in the model using multiple imputations (OR 1.87 [95% CI 0.91–
3.83], P = 0.09). Conversely, excessive alcohol intake was not 
significantly associated with the common gout group in the model 
including only patients with all data available (P = 0.07), but was 
significant in the multiple imputation model (P = 0.02). Prevalence 
of metabolic syndrome was strongly associated with excessive 
alcohol consumption (P = 0.009). Excessive alcohol consumption 
was frequently a missing value (19% of all missing data), and its 
imputed values had therefore a high influence on the significance 

of the association of metabolic syndrome.

DISCUSSION

This study provides an assessment of the profile of patients 
experiencing evolved EOG in France. Despite longer disease 
duration at the time of the study, these patients with EOG pre-
sented with fewer renal and physician-identified cardiovascular 
comorbidities than in the common profile of patients with gout fol-
lowed in clinical practice. Yet notwithstanding their younger age, 
patients with EOG presented with joint involvement as severe as 
that of patients who were 15 years older with the so-called clas-
sical profile. Even more concerning, the patients age 50 years 
shared the same prevalence of diabetes mellitus and individual 
items of metabolic syndrome as patients age 65 years with classi-
cal gout. Whereas the first signs of gout usually appear around the 
time of diagnosis of other metabolic comorbidities, in our patients 
with early onset, gout preceded most other comorbidities. These 
results further suggest the existence of a window of opportunity 
for the rapid treatment of patients developing gout before age 40 
years, advocated by EULAR relying on expert opinion (6).

Knowledge of gout genetics is growing, and we now know 
that gene polymorphisms participate in the disease progression. 
Genetics can account for the development of EOG even in the 
absence of associated risk factors such as metabolic syndrome, 
excessive alcohol intake, drugs, or CKD (16). The probabil-
ity is high that such patients with EOG developed gout largely 
because of genetic polymorphisms, given the fact that they were 
not particularly heavy drinkers, had on average better renal func-

tion, took fewer diuretics, and had less prevalent metabolic syn-
drome features. Genetic mutations, such as partial hypoxanthine 
guanine phosphoribosyltransferase deficiency (17), or mostly UA 
transportosome mutations (18), are not routinely tested for in 
clinical practice for gout management, and the weight of genet-
ics in the development of gout in younger patients cannot be 
thoroughly addressed by this study. High frequencies of ABCG2 
proteins have been found in a recent retrospective cohort study 
from China, without a difference between EOG and common 
gout (10). Findings in the study by Matsuo et al (19), demonstrate 
that common dysfunction of ABCG2 is a major cause of EOG, 
and its detection might serve to improve earlier prevention and 
therapy for high-risk individuals. However, the higher prevalence 
of a known familial history of gout in the EOG group further sup-
ports the hypothesis of a strong underlying genetic basis.

Missing data account for discrepancies in the performance 
of metabolic syndrome and excessive alcohol consumption in 
the 2 multivariate models. Multiple imputations models consider 
multiple scenarios in their construction, which widens the range 
of the OR, providing a possible explanation of why metabolic 
syndrome performs differently in the 2 models, because 42% 
of values had to be imputed (versus 29% in the common gout 
group). In contrast, given the very small number of missing data 
for alcohol consumption, the range of the OR was reduced in the 
multiple imputation model because the sample was increased 
and few imputations needed to be performed.

The results of our study suggest that patients with EOG develop 
earlier metabolic conditions, and despite longer disease durations, 
tend to preserve their kidney function. A Taiwanese case–control 
study of very early gout onset (before age 20 years) showed that 
despite their higher body mass index, patients with very early-onset 
tophaceous gout had on average lower lipid and fasting glucose 
levels when compared to middle-aged patients with common 
onset gout. Data from the Chinese cohort studied by Zhang et al 
(10) showed that patients in that cohort had overall a better car-
diovascular profile and particularly had a much lower prevalence 
of metabolic syndrome compared to patients with late-onset gout. 
Furthermore, Asian patients with a very early onset of gout also had 
preserved renal functions, despite a longer disease duration in both 
Asian populations (8,20). Our multivariate analysis has also shown 
that the lipid profile of EOG was better than that of the common 
gout group, because a low HDL level was significantly associated 
with the latter in all models tested. Nevertheless, in bivariate anal-
ysis, the smaller than expected difference between the groups 
concerning the prevalence of metabolic syndrome was surprising, 
given the age difference (21). Multivariate analysis has confirmed 
that suspicion; after the model was adjusted for age, metabolic 
syndrome was significantly associated with the EOG group in the 
model using only patients with all available data. This result was only 
a trend in the model using multiple imputations, due to the asso-
ciation of excessive alcohol consumption with the common gout 
group. Indeed, given the strong association of metabolic syndrome 
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and excessive alcohol intake, some of the crude higher prevalence 
of metabolic syndrome in the common gout group was related to 
higher alcohol consumption (22–24). Furthermore, bivariate analysis 
and the model using multiple imputations provided worst case sce-
narios of the link between EOG and metabolic syndrome, because 
missing data, which in proportion were more important in the EOG 
group, were considered an absence of the item of metabolic syn-
drome, with a higher risk to underestimate its prevalence in the EOG 
group. The model including only patients with all available data cer-
tainly provided the best case scenario, and the strength of the link 
between EOG and metabolic syndrome probably lies in between.

Although gout has been shown to be implicated in the pro-
gression of CKD, our results support the hypothesis that renal 
function is less impacted by early than late gout (10,25). Taking 
this knowledge into account, specific attention should be given 
to metabolic conditions in patients with EOG, moreso than the 
preservation of kidney function that seems less at stake.

Overall, results of our study suggest that disease activity and 
severity of the joint involvement of EOG are comparable to those 
of later-onset gout, as confirmed by multivariate analysis. This 
finding is surprising, given the results of prior data found in the 
literature. Yu and Luo (9) performed a retrospective analysis of 
1,079 Taiwanese patients with gout showing a younger age of 
onset than usual (average age 41.6 years) and far shorter dis-
ease duration than in our EOG group (4.2 years). Patients pre-
sented with more severe gout and recurrent yearly flares (75.9% 
of patients presented with ≥3 flares per year), higher serum UA 
levels (10.3 mg/dl), and almost as many tophi (16.8%) compared 
to our cohort (9). Abhishek et al (26) tried to identify factors asso-
ciated with recurrent gout flares among patients with untreated 
gout and found that high serum UA levels and long disease dura-
tion predict recurrent flares, but with poor performance. Higher 
serum UA levels in the Taiwanese patients probably explain the 
more recurrent flares and early tophi than in our GOSPEL cohort 
EOG group. The 3-fold longer disease duration in the EOG group 
led to similar disease severity in these patients, who on average 
had not yet reached age 50 years, than in patients with gout with 
the classical profile, who are on average 15 years older. This find-
ing further supports the recent recommendation made by EULAR 
and the British Society of Rheumatology to treat patients present-
ing with early gout, not only to prevent aggravation of comorbid-
ities but also the outcome of severe chronic joint lesions (6,7).

We acknowledge that this study has some limitations. 
Patients included in the GOSPEL cohort were considered by 
their physician to have gout, but the diagnosis had not been con-
firmed by crystal analysis. A large majority of patients, however, 
presented with at least 6 items of the 1977 American College 
of Rheumatology (ACR) criteria and their proportion was similar 
between groups (27). The new 2015 ACR/EULAR criteria could 
not be applied retrospectively (28). Second, not all patients had 
recent biologic tests, which may have impaired to some extent the 
assessment of serum UA levels, dyslipidemia, and hyperglycemia, 

but this discrepancy could be corrected by multivariate analysis 
using the multiple imputation model, which is a robust and strin-
gent statistical analysis that fully takes into account the missing 
data. In this model, variables that remain significant are reliable. 
Third, recollection of the date of the first symptoms of gout and 
diagnosis of comorbidities is subject to imprecision.

In routine practice, patients with EOG present during their 
evolution with slightly different joint involvement and similar dis-
ease severity than the more common middle-aged patients with 
common onset gout. Despite a younger age on average, they 
present with a similar prevalence of diabetes mellitus and meta-
bolic conditions as their older counterparts, but they benefit from 
generally preserved renal function. Given these early joint and 
metabolic complications, results from this study support advo-
cacy for an early management of patients with EOG.
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Download the New ACR Publications Mobile App

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

New Division Name

Rheumatology is truly a people specialty; We often develop 
 lifelong relationships with our patients as well as our colleagues. 
We increasingly recognize that providing the best rheumatologic 
care requires a team eff ort. The collegial nature of our specialty is 
 refl ected in the ACR’s mission statement: To empower rheumatology 
professionals to excel in their specialty.

In keeping with this mission, we are pleased to announce that our 
health professionals’ membership division is changing its name to 
Association of Rheumatology Professionals (ARP). This name change 
highlights the dedication of the ACR to serve the entire rheumatol-
ogy community. It also refl ects our broadened base of interprofes-
sional members (administrators, advanced practice nurses, health 
educators, nurses, occupational therapists, pharmacists, physical 
therapists, physician assistants,  research teams, and more).

The name is new, but our commitment and promise remain the 
same: We are here for you, so you can be there for your patients.

ARP Membership 

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

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

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