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EDITORIAL
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Antinuclear Antibodies and Lupus: Label Versus Meaning

David . Daikh

The myriad of organ-specific and systemic autoimmune dis-
eases presents many clinical challenges. Systemic lupus erythe-
matosus (SLE) is the prototype of autoimmune disease because
of the systemic nature of the disease, its complex and diverse
pathogenesis, and the prominent presence of autoantibodies.
While most patients with lupus have measurable autoantibodies,
some do not. This can present additional diagnostic challenges
and raises questions about the underlying pathogenesis of dis-
ease. Correspondingly there is ongoing interest in antinuclear anti-
body (ANA)-negative SLE.

In this issue, Tarazi and colleagues examine this question
using an analysis of cases of lupus skin disease and utilizing a
university-based dermatology clinic database of cases of cutane-
ous lupus erythematosus (CLE) (1). This database was queried for
patients who had a negative ANA and, if so, whether or not they
met classification criteria for SLE. The database includes patients
diagnosed with various subtypes of CLE. For the purpose of this
analysis, only cases for which there was confirmation of a diagno-
sis of CLE by skin biopsy and a known ANA titer were included.
Cases of chilblain lupus and lupus tumidus were also excluded.
Among the more than 450 cases in this clinical database, 309
met these criteria and had available or adequate clinical data. Of
these 309, 111 had a negative ANA (36.9%). Among 81 cases
with multiple ANAs reported, 27 (33.3%) had a result that fluctu-
ated between positivity and negativity. These results emphasize
that the absence of an ANA is common among patients with CLE.

Admirably, the analysis also focused on the method of ANA
determination. This is important because of the variety and lack
of standardization among methods used to detect ANA in clin-
ical laboratories and because some of these methods are less
accurate than others. For example, while the use of automated
enzyme-linked immunosorbent assay (ELISA) ANA detection has
become increasingly common, this method can be associated
with a significant false-negative rate. Thus, a task force of the
College of American Pathologists and the American College of
Rheumatology (ACR) has recommended that indirect immunoflu-
orescence on standardized HEp-2 cells remains the gold stand-
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ard for ANA testing (2), and variability in currently used methods
has highlighted the need to develop worldwide standards for
this test (3). A related and perhaps more important issue is the
appropriate cutoff for ANA positivity. A higher threshold for deter-
mining ANA positivity will favor specificity, while a lower threshold
favors sensitivity in identifying most patients with SLE. However,
when defined in relation to a control group, in a given laboratory
this threshold will be influenced by the method, individual labo-
ratory technique, and the normative population. Thus, assuming
that the laboratory utilizes a high-quality method that has been
validated in relation to HEp-2 indirect immunofluorescence, it is
appropriate to give consideration to the threshold for negativity
established by that laboratory, as well as to the absolute value in
deciding whether a patient is ANA negative or positive. This was
the approach that was generally used to categorize ANA status in
this study, although 3 subjects with ANA titers of 1:160 reported
by the laboratory as negative were counted as positive in the
analysis due to the presence of an elevated titer. The vast majority
of ANA in this study group was detected by indirect immunofluo-
rescence, but 4 of the ANA-negative subjects had a negative ANA
determined by ELISA.

Focusing on the negative or fluctuating ANA cases, the
authors selected those that appeared to have SLE, based on
chart review and applying ACR and Systemic Lupus International
Collaborating Clinics (SLICC) classification criteria (4). Of the 111
patients who were ANA negative, 20 met either the ACR and/or
SLICC SLE criteria (18.0%). A total of 12 cases met ACR criteria,
and 8 met both ACR and SLICC criteria. Of the 27 patients with
a fluctuating ANA, 12 met one or both criteria for SLE (44.4%).

These results emphasize that patients with SLE can be ANA
negative. However, the prevalence of negative ANA described
in this database is much higher than in many other descriptions
of SLE. For example, in a composite analysis of a large number
of clinical and epidemiologic studies of SLE, the sensitivity of a
positive ANA titer at 1:80 for SLE was 97.8% (5). This difference
may reflect that the patients in the current analysis were evalu-
ated in a tertiary care center and perhaps that some of the cases
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were referred for dermatologic evaluation specifically because
lupus was suspected in an ANA-negative patient. The absence
of detectable ANA can occur for a number of reasons, includ-
ing measurement techniques that may produce false-negative or
fluctuating results, and patient factors such as low levels of serum
immunoglobulin (6), duration of disease, and response to ther-
apy, particularly corticosteroids (7). Some patients with negative
ANA nevertheless have measurable levels of anti-DNA or anti-Sm
antibodies, such as the 3 case examples of ANA-negative SLE
provided in the current study. Interestingly, a small number of ANA-
negative patients have autoantibodies to non-nuclear antigens
(8). As noted, estimates of the frequency of ANA-negative SLE
depend on the cutoff chosen. For example, in an analysis of the
initial serum samples from 1,137 patients classified as having SLE
by SLICC criteria, 7.7% (88 patients) had an ANA titer less than
1:160 (9). This group had lower disease activity and was more
commonly treated with steroids than the overall group. Interest-
ingly, 24 of these ANA-negative patients had measurable autoan-
tibodies to specific nuclear antigens (dsDNA and Ro), and 17 had
isolated cytoplasmic staining on indirect immunofluorescence.
Thus, even using the more stringent cutoff of 1:160 for ANA, only
4.1% of this large cohort did not have evidence of autoantibody
production. Many would consider 1:80 an appropriate threshold
for ANA positivity in considering a diagnosis of SLE, particularly
with compatible clinical features. Additional autoantigen-specific
assays might identify a few more autoantigen-positive, ANA-
negative patients in such a cohort. Such data indicates that active
SLE without the presence of autoantibodies is likely a rare event, if
it occurs at all. Nevertheless, ANA-negative SLE definitely is a clini-
cal entity, and this description of CLE patients nicely demonstrates
why ANA positivity should not be used as an absolute requirement
for the diagnosis of SLE.

The emphasis on ANA in this study by Tarazi et al also
underscores the need to distinguish the practice of diagnosing
a complex autoimmune disease in an individual patient in the
clinic from classifying a patient as having the disease according
to set classification criteria developed for the purpose of identi-
fying patients to be grouped together for study and analysis in
a clinical trial. The needs of clinical care favor specificity, which
helps ensure that the many people with low levels of ANA but
no autoimmune disease are not misdiagnosed as having SLE,
but they also demand flexibility so as not to miss diagnosing
the unusual patient, e.g, the ANA-negative SLE patient. Thus,
the seemingly discordant argument made by Tarazi et al (that
on one hand, the threshold for ANA titers in diagnosing SLE
should be 1:160 rather than 1:80, while on the other, that a
positive ANA should not be required for the classification of
SLE) makes sense in the context of using the test results for
clinical diagnosis. In contrast, classification criteria are devel-
oped with an eye to maximizing both sensitivity and specificity
in order to capture the broadest but still appropriate group of
patients for study and to help ensure the validity of the results.

These considerations have much overlap, which is why classi-
fication criteria can be helpful diagnostic tools, but classifica-
tion criteria are not designed for the purpose of diagnosis. The
argument is also sometimes made, as in this study, that overly
restrictive classification criteria prevent patients from access
to trials. While it is valuable to be able to offer patients access
to studies of new therapies, trials are conducted to establish
the effectiveness of therapy, and this must be the paramount
goal. This is particularly true in the case of a complex disease
like SLE, where there have been many challenges to designing
and conducting successful clinical trials (10).

The subject of ANA-negative lupus is again generating
significant discussion in light of new classification criteria,
proposed by the ACR and the European League Against
Rheumatism, that utilize ANA positivity as an entry criterion
(11), and the subject remains highly relevant to clinical study
design. For example, experience in early-phase studies of
belimumab, currently the unique example of a successful
pivotal therapeutic trial in SLE, showed the importance of
carefully selecting entry criteria. In that case, recognition that
there was no benefit to ANA-negative or anti-dsDNA-nega-
tive patients in phase Il studies positively informed the devel-
opment of entry criteria for the ultimately successful phase
Il trials (12). Although the selection of entry criteria for such
trials is complex and must balance multiple considerations,
this example underscores the value of classification criteria
for clinical trials and the importance of not equating them with
diagnosis in a trial setting. This analysis of patients with CLE
similarly underscores the importance of not limiting the diag-
nosis of SLE to a set of classification criteria. Without more
specific and reliable tests, that diagnosis continues to require
a comprehensive evaluation of an individual patient by an
experienced clinician.
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Cutaneous Lupus Erythematosus Patients With a Negative
Antinuclear Antibody Meeting the American College

of Rheumatology and/or Systemic Lupus International
Collaborating Clinics Criteria for Systemic Lupus
Erythematosus

Meera Tarazi, Rebecca G. Gaffney, Carolyn J. Kushner, Srita Chakka, and Victoria P. Werth

Objective. Systemic lupus erythematosus (SLE) is a disorder that is heterogeneous and can be difficult to diag-
nose. One hallmark of the disease is the presence of antinuclear antibodies (ANAs), a feature that has been incorpo-
rated into multiple classification criteria over the years. In this study, we used a database of patients with cutaneous
lupus erythematosus (CLE) to determine how many had a negative ANA and met criteria for SLE using the American
College of Rheumatology (ACR) and/or Systemic Lupus International Collaborating Clinics (SLICC) criteria.

Methods. We used a database of 301 biopsy-proven CLE patients that contained information including ANA sta-
tus and the presence of features of SLE. The database was searched for patients who had a negative ANA result and
whether or not they met SLE criteria using the ACR and/or SLICC criteria.

Results. Of the 301 patients with biopsy-proven CLE and a known ANA, 111 had a negative ANA test (36.9%) and
27 had an ANA test that fluctuated (33.3%). In all, 20 ANA-negative patients met SLE criteria (18.0%), and 12 patients
with a fluctuating ANA test met SLE criteria (44.4%). Of all patients who had either a negative or fluctuating ANA result
and who met criteria for SLE (n = 32), 27 patients had involvement of >1 organ system other than skin (84.4%), and
13 patients had involvement of >2 organ systems other than skin (40.6%).

Conclusion. Our results show that an ANA is not always present in patients with systemic disease. This fact

should be taken into consideration when devising SLE classification criteria to be used for clinical trials.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disor-
der that affects multiple organ systems and is characterized by a
variety of autoantibodies. Diagnosis can be difficult because of its
heterogeneous presentation. In an attempt to help guide provid-
ers in the diagnosis of this complex disease, Cohen and Canoso
(1) devised the first classification criteria for SLE in 1971. These
guidelines required the presence of 4 of 14 criteria for the classifi-
cation of SLE (1). In 1982, the American College of Rheumatology
(ACR) created a classification system, later revised in 1997, that
required 4 of 11 clinical criteria to be met in order for a patient to
be classified as having SLE (2,3). These criteria incorporated sero-
logic tests that had not been a part of the preliminary criteria. The
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1982 version showed improvement of the original criteria in both
sensitivity (96%) and specificity (96%) when tested using data from
patients with SLE and control patients from 18 different clinics (2).

Although the ACR criteria were a step in the right direction in
diagnosing patients with SLE, they were criticized by many for plac-
ing too much weight on cutaneous criteria (4,5). The ACR criteria
assign malar rash, discoid rash, photosensitivity, and oral ulcers as
separate criteria, which meant patients with cutaneous lupus ery-
thematosus (CLE) could then be diagnosed as having SLE based
on their skin disease alone. Several publications proposed re-
evaluation of SLE criteria with more input from dermatologists (4,5).

In 2012, the Systemic Lupus International Collaborating
Clinics (SLICC) group developed new SLE criteria to address the
shortcomings of the ACR criteria. SLICC required that patients
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SIGNIFICANCE & INNOVATIONS

+ As seen in a database of patients with cutaneous
lupus erythematosus, approximately 18.0% of pa-
tients with a negative antinuclear antibody (ANA)
still meet American College of Rheumatology (ACR)
and Systemic Lupus International Collaborating
Clinics (SLICC) criteria for systemic lupus erythema-
tosus (SLE).

* Our database also showed that approximately
33.3% of our patients who were tested for multiple
ANAs had a result that fluctuated between positiv-
ity and negativity over time, of which 44.4% qual-
ified as having SLE using the current ACR and/or
SLICC criteria.

* These results should be taken into consideration
when devising SLE classification criteria to be used
in clinical trials because requiring a positive ANA for
diagnosis of SLE may exclude a number of patients
from receiving appropriate treatment.

meet >1 immunologic criterion in addition to the clinical criteria to
be classified as having SLE. Additionally, a patient could qualify
as having SLE if they had biopsy-proven lupus nephritis in the
presence of positive antinuclear antibodies (ANAs) or anti-dsDNA
antibodies (6). This revision increased sensitivity to 97% in the val-
idation set but showed a decrease in specificity as compared to
the ACR criteria, reaching 84% in the validation set (6).

Since the development of ACR and SLICC criteria, they have
been the predominant systems used in diagnosing SLE. Although
these criteria have led to improvement in the diagnosis of SLE,
modifications have been proposed in an effort to maintain the sen-
sitivity seen in the SLICC criteria while improving specificity (7).
Maximizing sensitivity and specificity in classification criteria for
SLE is crucial for the inclusion of patients with significant disease
in clinical trials. To do so, the appropriate clinical and immunologic
items must be included. In light of potential new SLE criteria being
developed, we used a database of CLE patients seen at the der-
matology clinic of the University of Pennsylvania to investigate the
number of CLE patients who present with negative ANA results
and meet the ACR and/or SLICC criteria for SLE.

PATIENTS AND METHODS

This was a retrospective study using a database of CLE
patients seen at the autoimmune dermatology clinic of the
University of Pennsylvania. Subjects included in the database
were patients who met criteria for having CLE and were ages
>18 years. All patients recruited into the database were diag-
nosed based on clinical presentation (lesion morphology and
symptoms suggestive of systemic lupus), serologic findings,
and pathologic findings. At a minimum, patients must have
been diagnosed with 1 subtype of CLE to be recruited into the

database. Although a biopsy was performed for the majority of
patients (especially if the clinical presentation was insufficient
to warrant a diagnosis of CLE), in cases where there was over-
whelming clinical evidence suggestive of lupus, a biopsy may
not have been performed. For the purposes of this analysis,
patients who did not have biopsy-proven CLE were excluded.
There were no inclusion or exclusion criteria based on race,
ethnic origin, or sex. The database consisted of 454 patients
with CLE who had enrolled from 2007 to 2017 and included
information regarding patient demographics, subtype of CLE,
features of SLE, and laboratory markers of lupus, including ANA
status. This information was collected during regularly sched-
uled patient visits at the dermatology clinic of the University of
Pennsylvania. The database was searched for all CLE patients
who had a negative ANA test, and results were subsequently
confirmed through a review of these patients’ medical records.
Additionally, the laboratory technique used to detect ANAs was
noted (if available), as well as the ANA titer in cases where an
indirect immunofluorescence (IIF) assay was performed. ANA
status was determined from the laboratory’s interpretation of
the test, not from the reported titer. Information from the data-
base was also used to determine whether or not patients with
negative ANA results met SLE criteria using either the ACR and/
or SLICC criteria. Features of SLE reported in the database
were once again verified using patient medical records. Medical
records were also used to ensure that ANA status was checked
after patients developed features of SLE, not prior. Finally,
patients with chilblain lupus and tumid lupus were excluded
from this analysis.

RESULTS

Our database contained 454 subjects with a diagnosis of
CLE. Of these 454 patients, 20 had withdrawn from the study
and therefore could not be used for our analysis, and 28 had an
unknown ANA (6 were missing medical records, 8 were non-
adherent in having an ANA checked, 9 were being followed by

Table 1. CLE subtypes in ANA-negative and ANA-fluctuating
patients*

ANA-negative ANA-fluctuating
DLE (n=60) DLE (n=15)
SCLE (n=38) SCLE(n=38)
ACLE(n=3) DLE/hypertrophic lupus
overlap (n =2)

DLE/hypertrophic lupus ACLE (n=1)

overlap (n =3)
DLE/lupus panniculitis overlap Hypertrophic lupus (n = 1)

(n=2)

DLE/SCLE overlap (n = 2) -
Hypertrophic lupus (n = 2) -
Lupus panniculitis (n = 1) -
* CLE = cutaneous lupus erythematosus; ANA = antinuclear antibody;

DLE = discoid lupus erythematosus; SCLE = subacute CLE; ACLE =
acute CLE.
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Table 2. |IF assay titers of ANA negative patients (n = 91)* used (the ANA status was reported in physician notes, but the
Titer No. patients original laboratory records were not found in the chart).

<1:40 38 Of the 27 ANA-fluctuating patients, 24 had ANAs checked

<1:160 21 using an IIF assay. Original laboratory results for 3 patients were

l:ﬁgo 270 missing (the ANA status was reported in physician notes, but the

1:40 5 patient charts did not include the original laboratory results), and

*|IF = indirect immunofluorescence; ANA = antinuclear antibody.

outside providers who did not send records of an ANA, and 5
were missing an ANA for unknown reasons). Of the remaining
406 patients, 105 either had not undergone a biopsy or had the
chilblain lupus or tumid lupus subtypes of CLE and were there-
fore excluded. Our final population was made up of 301 biopsy-
proven CLE patients with a known ANA result. A total of 111
had a negative ANA result (36.9%) and 27 of 81 patients who
had multiple ANAs checked had a result that fluctuated between
positivity and negativity (33.3%).

CLE subtypes and laboratory technique for ANA
detection. Information on CLE subtypes of the ANA-negative
and ANA-fluctuating patients is shown in Table 1. In sum, 91 of
the 111 ANA-negative patients were detected using an IIF assay.
These tests were performed at different laboratories, each using
different titer cutoffs for determining a result as negative. ANA titers
for the 91 ANA-negative patients are shown in Table 2. Of the 111
ANA-negative patients, 4 had ANAs detected by enzyme-linked
immunosorbent assay (ELISA). Finally, 16 ANA-negative patients
did not have information available regarding the laboratory method

therefore the laboratory techniques used could not be verified for
these patients. Additionally, 10 of the 24 fluctuating-IIF patients
had their ANA checked at the same laboratory.

CLE patients meeting SLE criteria. Of the 111 patients
who were ANA negative, 20 met either the ACR and/or SLICC
SLE criteria (18.0%). A total of 12 patients met ACR criteria for
SLE, and 8 patients met both ACR and SLICC criteria (Figure 1).
Two patients met the SLICC criteria on the basis of biopsy-proven
lupus nephritis with a positive anti-dsDNA antibody. Of the 27
patients with a fluctuating ANA, 12 met SLE criteria (44.4%),
with 2 patients meeting ACR criteria, 3 meeting SLICC criteria,
and 7 meeting both ACR and SLICC criteria (Figure 1). Twenty-
four fluctuating-ANA patients had their ANA checked using an
IIF assay, and 13 of these patients went from positive to nega-
tive, with 5 meeting SLE criteria (38.5%). Two of the 7 who went
from negative to positive met SLE criteria (28.6%). Three of the 4
patients who had multiple fluctuations met SLE criteria (75.0%).

Of the 29 patients who were ANA negative or had a fluc-
tuating ANA and met ACR criteria, the 5 most frequent criteria
that were met were photosensitivity, discoid rash, arthritis, malar
rash, and oral ulcers, with 26, 23, 22, 17, and 15 patients meeting
these criteria, respectively (Table 3). Of the 19 patients who were

Patients with known

ANA

n=301
1
| 1 1
Patients with Patients with ANA Patients with positive
negative ANA that fluctuated ANA
n=111 n=27 n=163

I

|

1
Patients with SLE
meeting either
criteria
n=20

Patients without SLE
n=91

|
Patients with SLE
meeting either

Patients without SLE
criteria n=15

n=12

Patients meeting ACR
criteria
n=12

Patients meeting ACR
criteria
n=2

Patients meeting ACR
and SLICC criteria
n=8

Patients meeting
SLICC criteria
n=3

Figure 1.

Patients meeting ACR
and SLICC criteria
n=7

Diagram demonstrating antinuclear antibody (ANA) status of patients with cutaneous lupus erythematosus and whether they

met American College of Rheumatology (ACR) and/or Systemic Lupus International Collaborating Clinics (SLICC) criteria for systemic lupus

erythematosus (SLE).
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Table 3. ANA-negative/ANA-fluctuating CLE patients meeting
ACR and/or SLICC criteria for SLE*

ACR criteria
(n=29)

Photosensitivity (n = 26)
Discoid rash (n = 23)
Arthritis (n = 22)
Malar rash (n =17)
Oral ulcers (n =15)
Leukopenia (n =12)
Anti-dsDNA antibody (n = 9)
Renal involvement (n = 8)
Anti-Sm antibody (n = 4)
Anticardiolipin antibody
(n=2)
Serositis(n=1)
Neurologic involvement
(n=1)
Thrombocytopenia (n = 1) Neurologic involvement (n = 1)
- Thrombocytopenia (n = 1)
*Values in parentheses are the number. ANA = antinuclear antibody;
CLE = cutaneous lupus erythematosus; ACR = American College of
Rheumatology; SLICC = Systemic Lupus International Collaborating
Clinics; SLE = systemic lupus erythematosus.

SLICC criteria
(n=18)

Chronic cutaneous lupus (n = 16)
Acute cutaneous lupus (n = 15)
Arthritis (n=11)

Low complement (n =9)
Anti-dsDNA antibody (n = 9)
Leukopenia (n=7)

Renal involvement (n = 7)

Oral ulcers (n=5)

Nonscarring alopecia (n = 5)
Anti-Sm antibody (n = 4)

Anticardiolipin antibody (n = 2)
Serositis(n=1)

ANA negative or had a fluctuating ANA and met SLICC criteria,
the 5 most frequent criteria that were met were chronic cuta-
neous lupus, acute cutaneous lupus, arthritis, low complement,
and a positive anti-dsDNA, with 16, 15, 11, 9, and 9 patients
meeting these criteria, respectively (Table 3). Additionally, of the
32 patients who met either ACR or SLICC criteria for SLE, 27
patients had involvement of >1 other nonmucocutaneous organ
system (84.4%), with 22 patients having arthritis, 12 with leuko-
penia, 8 with renal involvement, 1 with serositis, 1 with neurologic
involvement, and 1 having thrombocytopenia with a count below
100 x 10° cell/pl. We also found that 13 of the 32 patients meet-
ing SLE criteria had involvement of >2 other nonmucocutaneous
organ systems (40.6%) (see Supplementary Appendix 1, available
on the Arthritis Care & Research web site at http://onlinelibrary.

wiley.com/doi/10.1002/acr.23916/abstract).

Patients with childhood-onset CLE. There were 21
patients with childhood-onset lupus in our database (diagnosed
at age <18 years). Of these patients, 10 (47.6%) were in the ANA-
negative group. One ANA-negative patient met both SLICC and
ACR criteria, having a discoid rash, arthritis, a malar rash, oral
ulcers, photosensitivity, renal involvement, a positive anti-dsDNA,
and low complement. Two ANA-negative patients met only the
ACR criteria: 1 had arthritis, oral ulcers, photosensitivity, and a
discoid rash, and 1 had arthritis, leukopenia, photosensitivity, a
discoid rash, and malar rash.

DISCUSSION

As was demonstrated through results from our CLE
database, approximately 36.9% of patients with CLE seen at the

autoimmune dermatology clinic at the University of Pennsylvania
presented with a negative ANA result, and approximately 18.0%
of patients with a negative ANA result met a diagnosis of SLE
using either the ACR and/or the SLICC criteria. To highlight the
concern for excluding patients with a negative ANA result from an
SLE diagnosis, we present 3 cases below of patients with flagrant
SLE who lack this serology resullt.

Case 1 (patient 254), a 41-year-old female, presented in
2002 with joint pain, fatigue, oral and nasal ulcers, a fever, discoid
skin lesions, and a malar rash. Laboratory workup was significant
for proteinuria and leukopenia, and a skin biopsy result supported
a diagnosis of CLE. She was initially prescribed hydroxychloro-
quine and prednisone 10 mg daily for 2 years before her dose
was tapered. Five years after initial presentation, she developed
seizures, which her physician attributed to her SLE. In 2015, serol-
ogy results revealed a positive anti-dsDNA, but her ANA titer of
1:80 was reported as negative. Additionally, anti-SSA and anti-
SSB tests were negative. Based on this presentation, the patient
qualified as having SLE based on both the ACR and SLICC crite-
ria, despite having a reported negative ANA result.

Case 2 (patient 358) was a 56-year-old female who was orig-
inally diagnosed with discoid lupus in 1993 and who presented
to our clinic in 2014 with discoid lesions, photosensitivity, fatigue,
fevers of up to 101°F, and arthritis, with laboratory results signif-
icant for leukopenia. She was found to have positive anticardi-
olipin and anti-Sm antibodies but had a negative ANA resullt (titer
<1:40). Based on her presentation, she met SLE criteria using
both the ACR and SLICC criteria.

Case 3 (patient 452) was a 23-year-old male who presented
to his dermatologist because of scalp alopecia, which was subse-
quently diagnosed as discoid lupus from a skin biopsy result. One
year after his original presentation, the patient presented to the
emergency department with a rash, 10-pound weight loss, lower-
extremity edema, fatigue, and anorexia and was found to have an
elevated creatinine level (6.7), pancytopenia, and a purpuric rash.
A kidney biopsy result showed membranous glomerulonephritis,
consistent with lupus nephritis class IV-S and class V. He was
treated with intravenous solumedrol 1,000 mg daily with a tran-
sition to prednisone 60 mg daily. He received a serologic workup
a month later, which showed an ANA result with a titer of 1:80
that was reported as negative (test performed at the University of
Pennsylvania using an IIF assay). While he had normal comple-
ment, and negative anti-Sm, anti-SSA, and anti-SSB antibodies,
he had a positive anti-dsDNA antibody. A repeat ANA test was
checked 5 months later, which was also reported as negative.
Once again, this patient met the ACR criteria of discoid rash, leu-
kopenia, renal involvement, and a positive anti-dsDNA antibody,
as well as meeting SLICC criteria based on his biopsy-proven
lupus nephritis and positive anti-dsDNA antibody.

As seen in the aforementioned patient examples, SLE is a
disease that is heterogeneous, with varying presentations. The
spectrum of disease severity is also wide, with some patients
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presenting with predominantly mucocutaneous symptoms, while
others present with severe systemic disease affecting vital organs.
Although a positive ANA result is a sensitive marker in identifying
patients with SLE, our results and highlighted cases demonstrate
that an ANA is not always present in patients with significant sys-
temic disease. This fact should be considered when creating clas-
sification criteria to be used for entry into clinical trials.

Our findings also demonstrated that immunologic titers
can change over time within a single individual, with 33.3% of
our patients who were tested for multiple ANAs fluctuating from
a positive to negative ANA result, or vice versa. This result may
be an underrepresentation of the number of patients who truly
fluctuate because our analysis was limited to patients who had
repeat ANA serology results checked. Therefore, requiring ANA
positivity for a diagnosis of SLE would effectively exclude some of
the patients in this database, depending on when in their disease
course their ANA was checked.

Additional problems arise when requiring ANA positivity for a
diagnosis of SLE, including the lack of laboratory technique stand-
ardization. Currently, the gold standard for ANA testing is using an
IIF assay on Hep-2 cells (8,9). However, this method is highly labor
intensive, requiring technical expertise to perform serial dilutions
of positive sera and to visually determine the staining patterns.
As demand for ANA testing has increased, alternate techniques
have been developed and employed by large commercial labo-
ratories for ANA testing, including ELISA and multiple assays as
cost-saving methods. These methods have shown up to a 35%
increase in false negatives, which led the ACR to create an antinu-
clear antibody task force to recommend that an IIF assay should
remain the gold standard for ANA testing (8). This recommenda-
tion led to an international initiative to create recommendations for
ANA testing by different methods, led by 2 groups of experts: the
European Autoimmunity Standardization Initiative and the Interna-
tional Union of Immunologic Societies/World Health Organization/
Arthritis Foundation/Centers for Disease Control and Prevention
Autoantibody Standardizing Committee (9). These organizations
put forth 25 recommendations, recognizing that a proper ANA-IIF
assay is dependent on reagents, equipment, and other local fac-
tors, and therefore the screening dilution should be defined locally.
The organizations stated that an abnormal ANA result should be
the titer above the 95th percentile of a healthy control population,
which generally is a 1:160 dilution using HEp-2(000) substrates
(9). These groups also recognized that using an IIF assay has its
limitations, including the time and skill required to perform the test,
and therefore included alterative assays in its recommendations as
long as the platform being used is specified in the laboratory report
(9). Agmon-Levin et al (9) also made the point that an IIF assay is
not perfect and that a negative ANA result at 1:160 dilution in the
setting of clinical suspicion should not exclude disease diagnosis.

Despite these recommendations, a study by Damoiseaux
et al (10) showed that there is still significant variability in labo-
ratory techniques being used to test for ANAs. They found that

although 87% of laboratories performed ANA testing by the IIF
assay technique, multiple laboratories did not have IlIF testing
available, most notably in Norway (50% performed the IIF assay),
Portugal (64% performed the IIF assay), and Ukraine (40% per-
formed the IIF assay). Moreover, in 35.6% of laboratories, reading
of the ANA slides was only done by 1 observer as opposed to 2.
Finally, Damoiseaux et al found that overall, a 1:80 dilution was
employed most often (in 60.5% of laboratories), compared to a
1:40 (in 15.6% of laboratories) and a 1:160 (in 15% of laborato-
ries) (10). Results from this study show that despite the recom-
mendations, laboratory techniques still vary significantly and are
imperfect. This variability was seen in our patient population as
well, which could account for some of the fluctuating ANA results.
This variability was also seen with the different cutoff titers used at
different laboratories, with some subjects having an ANA titer of
1:80 or higher reported as negative, while others in the database
had the same titer or lower being reported as positive. Of note, 3
of our patients had a titer of 1:160 reported as negative, which we
chose to include in the ANA-positive group due to elevated titer.
While one could make the argument that a titer of 1:80 or above
should be considered positive (making some of the reported
ANA-negative patients actually positive), 50 of the 91 patients
who received an IIF assay to check their ANA result (54.9%) still
had a titer of <1:80. Therefore, we still believe that an ANA result
of 1:80 should not be used as an entry criterion for clinical trials.
Additionally, in our experience, laboratories often do not report the
titer after it is determined as negative, making it difficult to use a
single titer (1:80, for instance) as a universal cutoff for negativity.

Limitations of this study include its retrospective nature.
Although most laboratories reported using the IIF assay tech-
nique to detect ANAs, 4 of our 111 ANA-negative patients had
ANAs measured using the ELISA technique. Additionally, we
were unable to confirm which laboratory technique was used to
test ANAs for 16 of our 111 ANA-negative patients. Another lim-
itation of this study was the use of multiple laboratories to detect
ANAs, each using a different titer cutoff to indicate a negative
result. This laboratory variability could also account for some of
the ANA fluctuations seen within the same patient. Finally, this
study excluded patients ages <18 years, although patients who
developed childhood-onset lupus were included as long as their
current age was >18 years.

Given the heterogeneous and complex nature of SLE, creat-
ing a classification system is important to help guide physicians in
the diagnosis of this potentially devastating disease to avoid delay
in treatment. In light of new systems being proposed for classifi-
cation of SLE, we reviewed a database of CLE patients seen at
the University of Pennsylvania to identify the number of patients
with a negative ANA result who qualified as having SLE based on
the present classification criteria (SLICC and/or ACR). We found
that approximately 36.9% of our CLE patients had a negative ANA
result, and that of those patients, 18.0% qualified as having SLE
using either the ACR or SLICC criteria. We also found that approx-
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imately 33.3% of our patients had an ANA status that changed
over time, and that of those patients, 44.4% met SLE criteria.
Additionally, we found that 84.4% of our ANA-negative or ANA-
fluctuating patients who met SLE criteria had involvement of at
least 1 other nonmucocutaneous organ system. Finally, we point
out the absence of standardized laboratory techniques in testing
for ANAs, which may result in some false negatives that would
effectively exclude patients with systemic disease from clinical trials
and potential treatments. Given these results, we caution against
the use of ANA positivity as a requirement for the diagnosis of SLE.
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Persistently Frequent Emergency Department Utilization
Among Persons With Systemic Lupus Erythematosus

Jiha Lee," Judith Lin,” Lisa Gale Suter,’ and Liana Fraenkel®

Objective. In order to identify opportunities to improve outpatient care, we evaluated patients with systemic lupus
erythematosus (SLE) who persistently frequent the emergency department (ED).

Methods. We conducted a retrospective study of patients with SLE who frequented the ED for >3 visits in a cal-
endar year, from 2013 to 2016. Persistent users were those who met criteria for persistent use for at least 2 of the 4
years, and limited users for 1 of the 4 years. Each ED encounter was categorized as SLE-related, infection-related,
pain-related, or other. We compared ED use between persistent and limited users, and analyzed factors associated
with pain-related encounters among persistent users through multivariate logistic regression.

Results. We identified 77 participants who had 1,143 encounters as persistent users, and 52 participants who had
335 encounters as limited users. Persistent users accounted for 77% of ED use by patients with SLE who frequented
the ED. Pain-related ED visits were more common among persistent users (32%) than limited users (18%). Among
persistent users, most pain-related encounters were discharged from the ED (69%) or within 48 hours of admission
(20%). Persistent users with pain-related encounters accounting for >10% of ED use were more likely to be obese,
have fewer comorbid conditions, and be on long-term opioid therapy.

Conclusion. Pain is a major cause of ED use. Patients with SLE who persistently utilize the ED for pain are likely
to be noncritically ill, as evidenced by frequent discharges from the ED and short-stay admissions. Patients with SLE
who persistently frequent the ED for pain represent a viable target for interventions to improve outpatient quality of

care.
INTRODUCTION

Systemic lupus erythematosus (SLE) is a chronic inflammatory
autoimmune disorder associated with substantial socioeconomic
burden and health care resource utilization. Inpatient care accounts
for the largest component of direct costs (1-4). However, patients
with SLE have more ED visits than hospital admissions, with 40-70%
having at least 1 ED visit in a year (1-6). In addition, hospitalizations
are increasingly originating from the ED (7), and approximately 20%
of admissions of patients with SLE are avoidable (8). For these rea-
sons, understanding ED utilization among persons with SLE may
provide insight into drivers of both health care resource utilization
and poor quality of care for SLE in the outpatient setting.

As in the general population, SLE patients with low socio-
demographic status, lower education level, and poor adherence
more frequently utilize the ED, and account for the majority of all
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ED visits (9). The definition of frequent ED use is variable, but fre-
quent ED users generally account for 4.5-8% of all ED patients
and 21-28% of all ED visits (10). Frequent ED use has been gen-
erally thought to arise from difficulty in access to primary or spe-
cialty care (11,12). However, studies show that most frequent ED
users have insurance coverage and are more likely to utilize all
existing forms of health care resources including outpatient care
(9,10,13-15). In addition, there is evidence to suggest that the use
of ED, for most people, is an affirmative choice over other sources
of health care rather than a last resort (16).

It is increasingly recognized that frequent ED users are not
a homogenous population (10,17,18). In the general population,
studies have demonstrated that most individuals cease to qualify
as frequent ED users within a year (17,19). This brief period of fre-
quent ED use may be due to an acute event requiring multiple ED
visits, pregnancy-related complications, or flare of a chronic dis-
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SIGNIFICANCE & INNOVATIONS

+ Systemic lupus erythematosus (SLE) is associated
with substantial socioeconomic burden and health
care resource utilization. SLE patients with low socio-
economic status, irrespective of their access to care,
frequent the emergency department (ED). This pat-
tern of ED use suggests a gap in the care of SLE.
Increasingly, it is recognized that frequent ED use is
not a stable phenomenon. Most patients who uti-
lize the ED at a high rate only experience a brief
period of frequent ED use (<12 months); however,
a subgroup continue to frequent the ED for years.
+ Understanding persistently frequent ED use in SLE
can help provide insight into opportunities to re-
duce health care resource utilization and improve
quality of care.

ease. In contrast, a small but consistent percentage persistently
frequent the ED for years (17,19). Causes and, therefore, interven-
tions for this subgroup of patients are likely to be different than for
those with a brief period of frequent ED use. Understanding the
factors underlying persistently frequent ED use may help inform
interventions to improve chronic disease management and care
coordination in the outpatient setting.

In this study, we sought to identify patients with SLE who
persistently frequented the ED throughout a 4-year period. We
examined the characteristics and patterns of ED utilization at the
individual patient- and encounter-levels. Our research aimed to
answer the following questions: What are the demographic and
disease characteristics of patients with SLE who persistently fre-
quent the ED? How do persistently frequent users compare to
those with limited frequent ED use? Is persistently frequent ED use
associated with certain comorbidities, in particular, chronic pain?

PATIENTS AND METHODS

Subjects. We performed an electronic health record (EHR)-
based query in Epic software for a cohort for which International
Statistical Classification of Diseases and Related Health Problems,
Tenth Revision code of M32 for SLE was entered at least once in
either the problem list, encounter diagnosis, or as a biling code
during the study period between January 1, 2013 and December
1, 2016, and who met criteria for persistently frequent ED use.
Persistently frequent ED use was defined as having >3 ED visits
during the 12-month calendar year, similar to previous studies on
ED utilization among persons with SLE (9), for at least 2 of the
4 years during the study period, consecutive or nonconsecutive,
between 2013 and 2016, at a large urban tertiary medical center.

We then verified the diagnosis of SLE through in-depth EHR
review. Only those who met American College of Rheumatology
criteria for SLE (20), or had SLE documented by a rheumatologist,
nephrologist, or dermatologist, or were on active immunosup-

pressive therapy treatment for no other medical condition, were
determined to have a verified diagnosis of SLE and were included
in the study.

For those diagnosed with SLE during the study period, we
reviewed and censored ED encounters preceding the diagnosis
unless diagnosis of SLE was probable at the time of visit based
on physician documentation and/or serologic evaluation. We then
reevaluated the number of ED encounters for these newly diag-
nosed patients with SLE to ensure that they still met criteria for
persistently frequent ED use after removal of censored visits. In
instances of patient death prior to close of the study period, we
reviewed the number of ED visits from study inception to time of
death to ensure fulfillment of criteria for persistently frequent ED use.

To understand the comparative magnitude and pattern of
ED utilization among persistently frequent users, we performed
a second EHR-based query and applied the same criteria to ver-
ify diagnosis of SLE and number of ED encounters, in order to
identify SLE patients who had limited frequent ED use. Limited
use was defined as meeting criteria for frequent ED use for 1 out
of the 4 years during the study period.

The study protocol was approved by the Human Research
Protection Program at our institution. We collected patient- and
encounter-level data through retrospective in-depth physician
review of the EHR, using a standardized data abstraction template.

Patient-level measures. We collected demographic
information including age, sex, and race/ethnicity. Zip code infor-
mation was collected in order to calculate the Area of Deprivation
Index (ADI) (21). The ADI is a geographic area—based measure
of socioeconomic deprivation (22). It combines 17 different indi-
cators of socioeconomic status, including level of education,
income, employment, value of assets, and poverty level derived
from decennial census data. Higher ADI values represent greater
deprivation. We also queried the EHR for primary insurance cov-
erage at time of enroliment, and categorized type of insurance as
Medicaid, Medicare, or private/commercial.

We collected information on SLE history, including mani-
festations, disease duration, and organ involvement prior to the
index encounter through in-depth retrospective EHR review. For
those with lupus nephritis, we reviewed treatment history, and/or
active renal replacement therapy through either hemodialysis or
peritoneal dialysis, and/or transplant status. Information related
to lupus disease activity at time of ED encounter was not con-
sistently available in the EHR. We also collected medication his-
tory, including exposure to glucocorticoids, hydroxychloroquine
(HCQ), and/or additional disease-modifying antirheumatic drugs
(DMARDs), such as azathioprine, methotrexate, and mycophe-
nolate mofetil. We categorized long-term opioid therapy as hav-
ing prescription for daily or near-daily use of opioids for at least 90
days, or total days of opioid supply >120 days (23,24). We also
collected information on relevant medical comorbidities including
depression.
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Encounter-level measures. We classified disposition of
each encounter as discharged from the ED or admitted to the
hospital. For encounters resulting in ED-initiated admission, we
obtained information on initial admission floor status (i.e., obser-
vation, medical/surgical floor, step down unit [SDU], intensive care
unit [ICU]) and length of stay in the hospital (number of days). We
categorized ED-initiated admissions without a claims code for ED
critical care, not admitted to the SDU/ICU, and discharged within
48 hours as potentially avoidable short-stay (PASS) admissions.

We categorized each ED encounter as SLE-related, infection-
related, pain-related, or “other.” This categorization was applied
after discharge, either from the ED or after ED-initiated admission.
We classified encounters into 1 of these 4 groups based on the
principal discharge diagnosis, which was supported by physician
documentation and diagnostic evaluation results. An encounter
was classified as being SLE-related if a patient presented with an
SLE flare or SLE-related disease activity, and/or was prescribed
glucocorticoids, HCQ, or other DMARDs during the encounter by
a rheumatologist, nephrologist, or dermatologist. An encounter
was classified as infection-related if a patient had positive culture,
or imaging diagnostic of infection, and received antibiotics in either
the ED or on discharge. An encounter was classified as pain-
related if the primary discharge diagnosis was for pain not attrib-
utable to SLE, trauma, or without a specific etiology or organic
cause based on unremarkable diagnostic evaluation (e.g., no
changes in electrocardiogram, no elevation in troponin, no abnor-
mal imaging), and without indication for invasive or surgical inter-
vention. By study definition, categories of SLE- and pain-related
encounters were mutually exclusive; however, an encounter could
be infection-related and SLE- or pain-related. For those few cases
(n = 8), the encounter was classified according to the principal
discharge diagnosis. Encounters that were not related to SLE,
infection, or pain were classified as “other” (see Supplementary
Tables 1 and 2, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23777/abstract).

Analyses. Demographic and disease characteristics were
described using mean + SDs and proportions, as appropriate.
We compared the distribution of encounters by category group
at discharge from either the ED or after ED-initiated admission.
In addition, for ED encounters that led to admission, we analyzed
the length of stay and initial admission floor status to identify PASS
admissions.

We also compared sociodemographic and disease charac-
teristics between patients with SLE who persistently frequented
the ED during the study period to those who had limited fre-
quent ED use, using t-test for continuous measures and either
the chi-square test or Fisher’s exact test for categorical measures.
Variables with P value < 0.1 or with clinical significance were then
included in a multivariate logistic regression model. The same ana-
lytic approach was conducted to assess factors related to higher
propensity to utilize the ED for pain-related encounters among

patients with SLE who persistently frequent the ED. We com-
pared a group of persistent users who had pain-related encoun-
ters accounting for >10% of their total ED use to those for whom
pain-related encounters constituted <10% of ED use. Data were
analyzed using Stata, version 14.2.

RESULTS

Subject characteristics. \We initially identified 187 partici-
pants with possible SLE who met criteria for persistently frequent
ED use, and 132 who met criteria for limited frequent ED use from
2013 to 2016, through EHR query. After in-depth retrospective
EHR review to verify diagnosis of SLE, and to censor ED encoun-
ters for dates of SLE diagnosis and death, 77 participants with
SLE met all inclusion criteria for persistently frequent ED use and
52 met all inclusion criteria for limited frequent ED use during the
study period (see Supplementary Appendix 1, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23777/abstract).

Overall (n = 129), most of the participants were young African
American women (n = 77 [59.7%]) with a mean + SD age of 41.5
+ 15.6 years. All had some form of insurance, with most having
Medicaid or Medicare as their primary coverage (n = 106 [82.2%)).
ADI score was higher compared to the region (mean + SD 87.3
+ 26.7), reflecting higher neighborhood socioeconomic depriva-
tion. Most were being treated with glucocorticoids (74.4%) and/or
some form of DMARD (89.1%) during the study period.

Characteristics for persistent and limited users are pre-
sented in Table 1. Approximately 1 in 3 persistent users (31.2%)
and 1 in 5 limited users (19.2%) had diagnosis of depression.
Long-term opioid therapy was nearly 3 times more prevalent
among persistent users (37.7%) than limited users (13.5%).
More persistent users had renal involvement on dialyses (19.5%)
compared to limited users (5.8%).

In multivariate analysis, patients with SLE who persistently
frequented the ED were more likely to be African American, have
Medicare as their primary insurance coverage, be treated with
dialysis, and be receiving long-term opioid therapy, compared to
those with limited frequent ED use (Table 2).

ED encounters in persistently frequent versus lim-
ited frequent users. The 77 patients with SLE who persistently
frequented the ED had 1,143 ED encounters and the 52 patients
with limited frequent ED use had 335 ED encounters. Persistent
users had more than twice the average number of ED encoun-
ters (mean 14.8 + SD 8.8) compared to limited users (mean + SD
6.4 + 2.0) during the study period (P < 0.001). Patients with SLE
who persistently frequented the ED had more encounters that led
to ED-initiated admission (48.6%) than limited users (39.7%) (P
= 0.004). More encounters were pain-related among those who
persistently used the ED (32.4%) compared to those with lim-
ited use (18.2%) (P < 0.001). On average, persistent users had a


http://onlinelibrary.wiley.com/doi/10.1002/acr.23777/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23777/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23777/abstract

PERSISTENT ED USE IN SLE

1413

Table 1. Demographics and disease characteristics of SLE patients who were limited and persistently frequent ED

users, 2013-2016*

Persistently frequent ED use  Limited frequent ED use
Variables (n=77) (n=52) P
Demographics
Age, mean + SD years 42.3+154 40.3+15.9 0.482
Women 70(90.9) 46 (88.5) 0.205
Race 0.026
White 11 (14.3) 16 (30.8)
African American 53 (68.8) 24.(46.7)
Hispanic/Latino 13(16.9) 12 (23.1)
Insurance <0.01
Medicaid 38 (49.3) 37(71.1)
Medicare 28 (36.4) 3(5.8)
Private/commercial 11(14.3) 12 (23.7)
ADI score, mean + SDT 105.6 £ 11.7 102.6 +10.6 0.143
Comorbidities
Psychiatric diagnosis 27 (35.1) 17 (32.7) 0.077
Depression 24 (88.9) 10 (58.8) 0.131
Hypertension 48 (62.3) 30(57.7) 0.597
Hyperlipidemia 14(18.2) 18 (34.6) 0.034
Diabetes 18 (23.4) 10(19.2) 0.575
Coronary artery disease 8(10.4) 5(9.6) 0.886
Cardiovascular accident 7 (9.1) 7 (13.5) 0.434
Congestive heart failure 11 (14.3) 5(9.6) 0.430
Asthma 15 (19.5) 9(17.3) 0.756
COPD 2(2.6) 3(5.8) 0.360
No. of comorbidities, mean + SD 16+15 17+13 0.614
BMI, mean + SD kg/m* 30.4+938 295+74 0.584
Long-term opioid therapy 29 (37.7) 7 (13.5) 0.003
SLE characteristics
Disease duration =10 yrs 29(38.7) 18 (34.6) 0.642
Renal involvement 34(44.2) 18 (34.6) 0.279
LN on dialyses 15(44.1) 3(16.7) 0.027
LN with transplant 7(20.5) 3(16.7) 0.489
Lung involvement 15(19.5) 16 (30.8) 0141
Pericarditis 14.(18.2) 13(25.0) 0.350
Medication use
None 6(7.8) 1(1.9) 0.149
Glucocorticoids 55 (71.4) 41 (78.8) 0.344
HCQ 59 (76.6) 45 (86.5) 0.162
Other DMARDT 39 (50.6) 34 (65.4) 0.098
AZA 15 (38.5) 16 (47.0) 0141
MTX 8(20.5) 10(29.4) 0.155
MMF 24 (61.5) 15 (44.1) 0.778

*Values are the number (%) unless indicated otherwise. SLE = systemic lupus erythematosus; ED = emergency depart-
ment; ADI = Area of Deprivation Index; COPD = chronic obstructive pulmonary disease; BMI = body mass index; LN =

lupus nephritis.

t Sum of number of participants being treated with azathioprine (AZA), methotrexate (MTX), and myocopheno-
late mofetil (MMF) exceed number of participants being treated with other disease-modifying antirheumatic drugs
(DMARDs; other than hydroxychloroquine [HCQ]), as some were concomitantly on >1 DMARD.

mean + SD 4.8 + 6.1 pain-related encounters and limited users
had a mean + SD 1.2 + 1.4 pain-related encounters during the
study period (P < 0.001). One in 4 persistent users (26%) had >5
pain-related encounters, whereas 1 single limited user (1.9%) had
>5 pain-related encounters between 2013 and 2016 (P < 0.001).
Infection-related (12.9%) and SLE-related (6.7 %) encounters were
less common among persistently frequent users compared to lim-
ited users (15.5% and 10.5%, respectively). Encounters catego-
rized as other accounted for the majority of ED use for persistent
(48.0%) and limited (56%) users.

ED utilization among SLE patients who persistently
frequent the ED. The 77 patients who persistently frequented
the ED accounted for 77% of all ED use by patients with SLE who
had >3 ED visits in a calendar year between 2013 and 2016. Of
the 1,143 encounters incurred by patients with SLE who persis-
tently frequented the ED, 588 (51.4%) resulted in discharge from
the ED and 555 (48.6%) led to ED-initiated admissions. A sub-
stantial portion of encounters resulting in discharge from the ED
were pain-related (43.7%), some were infection-related (10.4%),
and few were SLE-related (1.4%) (Figure 1). The 8 encounters
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Table 2. Factors associated with persistently frequent ED use
compared to limited frequent ED use*

Variable OR (95% Cl) P
Age 0.99(0.96-1.03) 0.966
Women 1.67 (0.40-7.03) 0.482
Race
White Ref. -
African American 5.24(1.63-16.84) 0.005T
Hispanic/Latino 212 (0.52-8.68) 0.295
Insurance
Medicaid Ref. -
Medicare 15.77 (3.8-73.65) <0.001t
Private/commercial 1.71 (0.57-5.15) 0.342
No. of comorbidities 0.70(0.48-1.01) 0.061
Depression 1.97 (0.66-5.82) 0.222
Long-term opioid 3.09 (1.02-9.38) 0.046t
therapy
Renal involvement on 5.03 (1.06-23.84) 0.042t
dialysis
Other DMARD* 0.44(0.18-1.08) 0.075

* ED = emergency department; OR = odds ratio; 95% Cl = 95% con-
fidence interval; Ref. = reference; DMARD = disease-modifying anti-
rheumatic drug.

t Significant at P < 0.05.

+ DMARDs other than hydroxychloroquine.

categorized as SLE-related on discharge from the ED involved
evaluation either by a rheumatologist or a nephrologist during
the ED course, and had documentation to support findings of
SLE-related activity/complications in the EHR. Among encoun-
ters resulting in ED-initiated admission, 20.4% were pain-related,
15.5% were SLE-related, and 12.4% were infection-related.
Among encounters that led to ED-initiated admission, the
majority of pain-related encounters (65.5%) resulted in admission
with discharge within 48 hours and were significantly more likely
than any other encounter category group to meet criteria for PASS
admissions (P < 0.001). Infection-related encounters were least
likely to lead to admission with discharge within 48 hours (19.8%),
and were more often initially admitted to the SDU/ICU (12.8%). In

60%

50%

SLE-related

Infection-related

comparison, 43.5% of SLE-related encounters resulted in admis-
sions with discharge within 48 hours. Among the 56.5% of SLE-
related encounters resulting in ED-initiated admissions with a length
of stay longer than 48 hours, 10.3% were initially to the SDU/ICU.

The number of participants having at least 1 ED visit related
to each encounter category group varied. Thirty-two participants
(41.6%) had >1 SLE-related encounters, 55 participants (71.4%)
had at least 1 infection-related encounter, and 61 participants
(79.2%) had at least 1 pain-related encounter. All patients had at
least 1 ED encounter classified as “other.”

Patient characteristics associated with pain-related
encounters among SLE patients who persistently fre-
quent the ED. We observed a high burden of pain among
patients with SLE who persistently frequented the ED, with 50.7%
of encounters coding pain as the chief concern at initiation of the
ED encounter. Pain was the presenting symptom for 51 (66.2%) of
SLE-related encounters, 38 (25.8%) of infection-related encoun-
ters, and 171 (31.1%) of “other” encounters. Of the 580 encoun-
ters with pain symptoms reported at presentation, 320 (55.2%)
were categorized as pain-related encounters upon discharge.
These pain-related encounters, as aforementioned, accounted
for one-third of ED use by patients with SLE who persistently
frequented the ED, representing 61 participants (79.2%). We
observed a wide range in the frequency of pain-related encoun-
ters among participants with at least 1 pain-related encounter.
One participant had a single pain-related encounter, whereas
another had 31 pain-related encounters during the study period.

In order to understand factors associated with higher propen-
sity to utilize the ED for pain, we compared characteristics of par-
ticipants who had pain-related encounters accounting for >10% of
their total ED use to those with pain-related encounters accounting
for <10% of their total ED use (Table 3). Participants with higher
propensity to persistently frequent the ED for pain-related encoun-

40%

30%

20%

-t I
— .

Pain-related "Other"

B Encounter category group at discharge from ED

B Encounter category group at discharge from ED-initiated admission

Figure 1. Proportion of emergency department (ED) encounters in each encounter category group at discharge from either the ED or after
ED-initiated admission among patients with systemic lupus erythematosus (SLE) who persistently frequented the ED from 2013 to 2016.
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Table 3. Comparison of patient characteristics with various degrees of pain-related encounters among SLE patients who

persistently frequented the ED*

Pain-related ED

Pain-related ED

Variables encounters <10% encounters >10% P
Participants 24.(31.2) 53(68.8) -
Demographics

Age, mean + SD years 48.0+ 184 39.7+13.2 0.028
Women 22(91.7) 48 (90.6) 0.623
Race 0.001
White 5(20.8) 6(11.3)
African American 10 (41.7) 43(81.1)
Hispanic/Latino 9(37.5) 4(7.6)
Insurance 0.892
Medicaid 12 (50.0) 26 (49.1)
Medicare 8(33.3) 20(37.7)
Private/commercial 4(16.7) 7(13.2)
ADI score, mean + SD 100.8 +10.7 107.7 £11.6 0.016
Comorbidities
Hypertension 17 (70.8) 31(58.5) 0.218
Hyperlipidemia 8(33.3) 6 (11.3) 0.028
Diabetes mellitus 9(37.5) 9(17.0) 0.049
Coronary artery disease 4(16.7) 4(7.5) 0.205
Congestive heart failure 8(33.3) 3(5.7) 0.003
Cerebrovascular accident 4(16.7) 3(5.7)
COPD 2(8.3) 0(0.0) 0.094
Asthma 4(16.7) 11 (20.7) 0.467
No. of comorbidities, mean + SD 23+20 1.3+1.1 0.019
Depression 10 (41.7) 14 (26.4) 0.181
Long-term opioid therapy 5(20.8) 24(45.3) 0.040
BMI, mean + SD kg/m? 273+69 31.8+10.6 0.058
SLE disease characteristics
Disease duration >10 years 7 (50.0) 23(54.8) 0.757
Renal involvement 13(54.2) 21 (39.6) 0.234
LN on dialyses 9(69.2) 6 (28.6) 0.024
LN with transplant 1(7.7) 5(23.8) 0.237
Medication use
Glucocorticoids 16 (66.7) 39(73.6) 0.534
Hydroxychloroquine 16 (66.7) 43(81.1) 0.165
Other DMARDT 8(33.3) 31(58.5) 0.041

* Values are the number (%) unless indicated otherwise. SLE = systemic lupus erythematosus; ED = emergency department;
ADI = Area of Deprivation Index; COPD = chronic obstructive pulmonary disease; BMI = body mass index; LN = lupus nephri-

tis; DMARD = disease-modifying antirheumatic drug.
t DMARDs other than hydroxychloroquine.

ters were younger (P = 0.028), more likely to be African American
(P = 0.001), and came from more socioeconomically deprived
neighborhoods (P = 0.016). No difference in the prevalence of
depression was observed, although, long-term opioid therapy was
more common in this group (P = 0.040). In addition, participants
with >10% pain-related encounters had fewer comorbid condi-
tions (P = 0.019) and were more likely to be treated with DMARDs
rather than HCQ (P = 0.041). In multivariate analysis, African Amer-
icans, fewer comorbid conditions, long-term opioid therapy, and
higher BMI were associated with higher propensity to utilize the ED

for pain (Table 4).

Characteristics of SLE patients who persistently
frequent the ED with pain-related PASS admissions. One
in 5 hospitalized encounters were pain-related upon discharge
from ED-initiated admission among patients with SLE who per-

sistently frequented the ED, of which 74 encounters (65.6%) met
criteria for PASS admissions. Table 5 shows the 25 participants
(82.5%) who accounted for the 74 pain-related PASS admis-
sions. All of the 25 participants were female except one. The
mean + SD age was 38.4 + 13.8 years, 18 (72%) were African
American, 5 (20%) were white, and 2 (8%) were Hispanic. All
participants had some form of insurance; 24 (96%) had public
insurance (either Medicaid or Medicare) and only 1 (4%) had pri-
vate/commercial insurance as their primary insurance. Of the 25
persistent users with pain-related PASS admissions, 13 (52.0%)
were on long-term opioid therapy. Even within this subgroup of
participants, heterogeneity in the frequency of pain-related PASS
admissions was observed. Fourteen participants (56%) had <2
pain related PASS admissions, whereas 1 participant accounted
for 10 (13.5%) of these encounters. Overall, the 25 persistently
frequent ED users with pain-related PASS admissions constituted
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Table 4. Patient characteristics associated with higher propensity
to utilize the ED for pain among SLE patients who persistently
frequented the ED*

Variables OR (95% Cl) P
Age 1.00(0.95-1.06) 0.870
Race
African American Ref. -
White 0.25(0.02-3.09) 0.283
Hispanic 0.02 (0.00-0.17) <0.001
Area of Deprivation Index 1.05(0.98-1.12) 0.201
No. of comorbidities 0.54(0.33-0.89) 0.015
Long-term opioid therapy 7.50(1.19-47.43) 0.032
BMI 112 (1.01-1.24) 0.034
Other DMARD uset 2.55(0.50-12.97) 0.258

* ED = emergency department; SLE = systemic lupus erythematosus;
OR = odds ratio, 95% Cl = 95% confidence interval; BMI = body mass
index; DMARD = disease modifying antirheumatic drug.

t DMARDs other than hydroxychloroquine.

one-third of the study participants and accounted for 43.8% of
all ED encounters.

DISCUSSION

To our knowledge, this is the first study to characterize per-
sistently frequent ED use among patients with SLE. In this study,
patients with SLE who frequented the ED were mostly young Afri-

can American females, all of whom had some form of insurance.
Persistent users were more likely to have Medicare as their pri-
mary insurance and be on long-term opioid therapy compared to
limited users. Medicare was associated with persistent use when
adjusted for age, and may be confounded by dialysis status and
other factors unaccounted for in this study that relate to perma-
nent disability or disability benefit status, which are eligibility criteria
for Medicare coverage. Long-term opioid therapy and depression
were each observed in 1 in 3 patients with SLE who persistently
frequented the ED.

In this study, persistent users disproportionately utilized the
ED compared to limited users, and mostly for non-lupus-related
pain reasons. Chronic pain, a symptom frequently experienced by
patients with SLE (25,26), was a major cause of ED utilization and
ED-initiated admissions among patients with SLE who persistently
frequented the ED. These patients were more likely to be non-
critically ill, as evidenced by frequent discharge from the ED and
PASS admissions. And thus, SLE patients who persistently fre-
quent the ED for chronic pain represent a viable and high-impact
target for early intervention and education to improve chronic care
management and coordination.

Lessons on how to improve the delivery of care to patients
with SLE may be learned from other chronic diseases, such as
sickle cell anemia. Sickle cell and SLE share certain character-

Table 5. Characteristics of 25 persistently frequent ED users with pain-related PASS admissions and pattern of ED utilization during the study

period*
No. No.
Patient Race/ No. pain Total ED No. SLE- infection-  pain- No.
ID Age  Sex Ethnicity Insurance ADI LTOT PASS visit related  related related other t

PO1 22 F AA Medicaid 108.73 Yes 1 31 " 1 5 16
P02 21 F AA Medicaid 107.47 Yes 9 41 1 1 26 13
P03 46 F AA Medicaid 115.60 Yes 1 17 2 2 12 1
P08 33 F AA Medicare 114.64 Yes 2 " 1 0 3 7
P09 36 M AA Medicare 115.60 Yes 5 31 7 0 23 1
P10 28 F AA Medicaid 109.07 Yes 4 37 2 1 15 19
P15 51 F AA Medicaid 108.24 No 5 12 0 1 9 2
P16 22 F AA Medicare 126.32 No 1 18 1 4 3 10
P21 36 F AA Medicaid 111.65 No 3 " 2 1 5 3
P23 44 F Hispanic Medicaid 96.64 No 1 10 1 2 1 6
P26 36 F White Medicaid 89.39 Yes 10 42 0 1 32 9
P27 22 F AA Medicaid 103.25 No 1 13 2 1 9 1
P29 27 F AA Medicaid 86.08 No 3 21 2 6 12 1
P32 39 F AA Medicaid 116.35 No 1 10 0 4 3 3
P34 67 F AA Medicare 102.61 No 2 " 0 0 9 2
P36 37 F AA Medicare 126.82 No 2 10 0 3 5 2
P43 48 F White Medicaid 108.86 Yes 4 19 2 3 11 3
P44 39 F AA Medicare 107.10 Yes 6 22 2 1 14 5
P49 60 F White Medicare 81.76 Yes 1 11 0 3 4 4
P54 72 F AA Medicare 116.71 Yes 1 7 0 0 4 3
P58 47 F AA Priv./Comm. 97.76 No 1 10 0 1 3 6
P62 32 F AA Medicaid 112.22 Yes 1 19 2 0 10 7
P65 30 F Hispanic Medicaid 115.60 No 1 9 0 0 6 3
P69 24 F White Medicare 109.09 Yes 4 49 0 6 8 35
P73 40 F White Medicare 101.70 No 4 29 5 3 17 4

* ED = emergency department; PASS = pain-related potentially avoidable short-stay admissions; ADI = Area of Deprivation Index; LTOT = long-
term opioid therapy; SLE = systemic lupus erythematosus; AA = African American; Priv./Comm. = private/commercial.

T Encounters that were not related to SLE, infection, or pain.
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istics in that both are complex chronic diseases, with periods
of exacerbation, which disproportionately affect young African
Americans and are frequently associated with chronic pain. Out-
patient pain has been shown to be predictive of ED utilization
among patients with sickle cell disease and intensive ambulatory
management with frequent outpatient visits has been success-
ful in reducing health care resource utilization (27-29). However,
despite projected therapeutic efficacy and cost-effectiveness of
ambulatory chronic pain management, compliance with and sus-
tained improvement of health care resource utilization through
nonpharmacologic pain management may be challenging. Stud-
ies have identified poor social support and communication with
providers, limitation of financial and transportation resources,
reliance on opioids, and lack of belief in and inadequacy of pain
control as barriers to multimodality pain management (30-33). For
these reasons and because of findings showing that regardless
of access to care, some patients continue to preferentially utilize
the ED for ambulatory care-sensitive conditions (such as chronic
pain [16,34,35]), ED-based interventions for chronic pain manage-
ment (such as case management, use of chronic pain protocols,
and pain specialist consultation in the ED) should be developed
to complement outpatient services. Some studies have explored
the use of individualized home pain management programs and
community health workers who provide social support, navigation
of health systems and resources, and counseling, for the man-
agement of chronic pain in sickle cell disease (36,37). Web-based
nonpharmacologic interventions may also be a viable option for
chronic pain management in young patients with SLE, who have
ready access to and familiarity with technology, but often limited
access to outpatient specialty pain clinics (38—-41).

This study has several limitations. Findings are based on a
small number of participants at a single tertiary medical center. The
cohort of patients with SLE who persistently frequented the ED,
however, is expected to be small, as frequent ED users typically
consist of 4.5-8% of all ED patients, and persistently frequent ED
users are a smaller subgroup of this population (10,17). In addi-
tion, the criteria to confirm diagnosis of SLE was designed to have
high specificity for this study, further limiting the size of the cohort.
In future studies, utilization of validated EHR-based search algo-
rithms with high positive predictive value to identify SLE patients
would increase both generalizability and reproducibility. Although
based on a small cohort, this study included a comparison cohort,
incorporated a substantial number of unique ED encounters, and
detailed information on patient- and encounter-level variables
for each visit that were obtained through retrospective in-depth
physician chart review. However, because data on lupus-related
disease activity (either through validated or laboratory measures)
at time of each ED encounter were not consistently available,
we were unable to assess the relationship between SLE disease
activity, pain, and ED utilization. Findings from this study would
be strengthened by conducting key informant qualitative inter-
views. Patients with SLE who persistently frequent the ED can

be engaged to elicit their perception of, and barriers to, ambu-
latory care coordination and chronic pain management (as rele-
vant). Clinical impression at time of care transition from the ED
and factors influencing physician decision for admissions can
inform understanding of ED-initiated admissions. In this study,
ED encounters were categorized using a priori criteria based on
the principal discharge diagnosis. Further delineation of “other”
encounters, particularly those that led to ED-initiated admission
and were more likely to have greater complexity and discharge
diagnosis codes, may provide further insight into the burden of
pain not attributable to lupus and persistently frequent ED utili-
zation. In addition, information on health care resource utilization
during admission, especially during the first 48 hours, would allow
for factors associated with PASS admissions to be ascertained,
and should be included in future studies to inform opportunities to
reduce ED-initiated admission of noncritically ill patients with SLE
and improve outpatient chronic disease management.

In conclusion, patients with SLE who persistently frequented
the ED were young African American females, who were living
in more economically deprived areas, and had a high burden
of depression and long-term opioid therapy. Pain was a major
cause of both ED utilization and ED-initiated admissions, most of
which were PASS admissions. Patients with SLE who persistently
frequent the ED, particularly for pain, would benefit from targeted
early interventions, in both the ED and outpatient settings, to
improve chronic disease management and care coordination.
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Objective. Azathioprine (AZA) and mycophenolate mofetil (MMF) are immunosuppressants frequently used in the
treatment of moderate-to-severe systemic lupus erythematosus (SLE). We studied longitudinal patterns and predic-
tors of adherence to AZA and MMF in a nationwide US SLE cohort.

Methods. In the Medicaid Analytic eXtract (2000-2010) database, we identified patients with SLE who initiated
AZA or MMF (no use in the prior 6 months) with >12 months of continuous follow-up. We dichotomized adherence
at 80%, with >24 of 30 days per month considered adherent. We used group-based trajectory models to estimate
monthly adherence patterns and multivariable multinomial logistic regression to determine the association between
demographic, SLE and utilization-related predictors, and the odds ratios (OR) of belonging to a nonadherent versus
the adherent trajectory, separately for AZA and MMF.

Results. We identified 2,309 AZA initiators and 2,070 MMF initiators with SLE. Four-group trajectory models clas-
sified 17% of AZA and 21% of MMF initiators as adherent. AZA and MMF nonadherers followed similar trajectory
patterns. African American race (OR 1.67 [95% confidence interval (95% CI) 1.20-2.31]) and Hispanic ethnicity (OR
1.58 [95% CI 1.06-2.35]) increased odds of AZA nonadherence; there were no significant associations between race/
ethnicity and MMF nonadherence. Male sex and polypharmacy were associated with lower odds of nonadherence
to both medications; lupus nephritis was associated with lower odds of nonadherence to MMF (OR 0.74 [95% CI
0.55-0.99]).

Conclusion. Adherence to AZA or MMF over the first year of use was rare. Race, sex, and lupus nephritis were
modestly associated with adherence, but the magnitude, direction, and significance of predictors differed by medi-

cation, suggesting the complexity of predicting adherence behavior.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex auto-
immune disease with a range of organ system manifestations.
Patients with moderate-to-severe disease often receive immuno-
suppressants, either azathioprine (AZA) or mycophenolate mofetil
(MMF), often interchangeably, to control lupus nephritis, serosi-
tis, hematologic abnormalities, arthritis, and cutaneous disease
(1,2). Adherence to medications for SLE varies from 20% to 80%
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depending on the population studied, the medication, and the
method used to measure adherence (e.g., self-reported surveys,
blood levels, prescription refill data) (3-6). Higher rates of nonad-
herence have been observed among younger age groups, African
American and Hispanic patients, and individuals with less educa-
tion (4,7,8). Studies have varied as to whether polypharmacy and
disease severity affect the risk for nonadherence.

In Medicaid, the largest public insurance in the US, primar-
ily for low-income individuals, our prior work demonstrated that
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SIGNIFICANCE & INNOVATIONS

+ Adherence to the 2 most frequently used immuno-
suppressive medications for systemic lupus
erythematosus (SLE), azathioprine (AZA) and myco-
phenolate mofetil (MMF), is overall extremely poor
during the first year of use among a national cohort
of Medicaid beneficiaries with SLE.

+ Adherence overall was slightly better to MMF com-
pared to AZA; however, adherence to both medi-
cations declined significantly for nearly 80% of
patients over the first year of use.

+ While demographic factors including African Amer-
ican race, Hispanic ethnicity, and younger age were
associated with higher odds of nonadherence
among AZA initiators, they were significantly less
strongly associated with nonadherence among
MMEF initiators. This suggests that a single set of pa-
tient characteristics does not consistently predict
nonadherence patterns across medications.

fewer than 20% of patients were adherent to hydroxychloroquine
(HCQ), defined as >80% of days covered with prescription refills
during the first year of use (8). There were higher odds of nonad-
herence among patients with SLE who were young, African Amer-
ican, taking fewer medications, and with less severe disease. We
also observed that HCQ adherence was dynamic and for most
declined over the first year of use. In this study, we aimed to assess
patterns of adherence over the first year of AZA or MMF use. We
hypothesized that like HCQ, adherence would decline over time
and that, while predictors of nonadherence would be similar, pat-
terns would suggest better adherence to MMF because patients’
illness may be slightly more severe and therefore more invested in
continuing their medication.

PATIENTS AND METHODS

Patient cohort. We used the Medicaid Analytic eXtract
(MAX) database with demographic data, billing claims, health-
care utilization, and drug dispensing data from 2000-2010 for
the 29 most populated US states (86% of Medicaid benefi-
ciaries nationwide). We excluded all claims from Ohio because
detailed medication dispensing data were not available, and
we additionally excluded all individuals without drug dispens-
ing data, including those who were hospitalized for the entire
follow-up period. We identified 2 cohorts of patients with SLE
(=2 International Classification of Diseases, Ninth Edition [ICD-
9] codes for SLE [710.0] for discharge diagnoses or physician
claims >30 days apart) with either AZA or MMF dispensing
within 365 days of an SLE code (8). We required >6 months
of continuous enroliment without use of AZA or MMF prior to
the date of initiation (index date). We allowed AZA initiators
to previously receive MMF and vice versa, and we required

>365 days of continuous enroliment following the index date
to assess adherence.

Measures of adherence. We used prescription refill
data to measure adherence, which has previously been val-
idated in claims data (9). We calculated the proportion of
days covered (PDC) beginning at the index date for 365 days
(number of days covered divided by 365 x 100, subtracting
hospitalized days from the numerator and denominator) and
classified individuals with PDC >80% as adherent (10). We
also measured adherence to MMF and to AZA monthly over
the 12-month period, and each month was classified either
as adherent (1) or nonadherent (0) depending on whether >24
of 30 days (80%) were covered. The majority (>85%) of our
cohort received a 1-month supply of AZA or MMF in accord-
ance with Medicaid policies in most states.

Potential correlates of adherence. We measured
potential predictors during the 6 months prior to and including
the index date in the AZA and MMF cohorts. Demographic
factors included age and state of residence at the index date,
sex, race/ethnicity, and region from MAX, and zip code-level
median household income from American Community Sur-
vey data (11). We included diabetes mellitus, smoking, lupus
nephritis, use of antidepressant medications, SLE-related lab-
oratory tests and medications (HCQ, immunosuppressants,
and corticosteroids), number of medications at the index
date, days’ supply of first AZA/MMF prescription fill, vacci-
nations, health-care utilization, and the SLE risk-adjustment
index (see Supplementary Table 1, available on the Arthritis
Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23792/abstract) (8,12,13). We also examined
models that included comorbidities (thromboembolism, pul-
monary, hepatic, cardiovascular and cerebrovascular disease,
substance abuse, obesity, and malignancy) but did not include
them in our final models as they did not contribute significantly
and have not been shown in prior studies to be strongly asso-
ciated with adherence.

Statistical analyses. We compared baseline charac-
teristics and PDC for AZA and MMF using descriptive statis-
tics. We used our binary indicators of monthly adherence to
construct group-based trajectory models (GBTMs) to classify
patients by adherence separately for AZA and MMF. GBTMs
are used to identify latent patterns in longitudinal data with
repeated measures and have been previously applied to pre-
scription refill data to uncover adherence patterns over the first
year of use (8,14). We evaluated AZA and MMF GBTMs rang-
ing from 3 to 6 trajectory groups and based our model choice
on a combination of Bayesian information criteria with lower
values considered preferable, reasonable distribution across
groups, posterior probabilities >80% for each group, and
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explanatory potential (15). We then used multinomial logistic
regression models for both AZA and MMF to determine the
odds of belonging to a nonadherent trajectory compared to
the persistently adherent trajectory for demographic, utiliza-
tion, and SLE-related predictors.

We conducted sensitivity analyses, censoring at potential
conditions that may have resulted in physician-recommended
discontinuation rather than nonadherence. We censored at
the beginning of the nearest preceding refill for first discharge
diagnosis code for serious infection and for any code for neu-
tropenia or transaminitis for both cohorts, and additionally for
pregnancy or colitis for the MMF cohort (see Supplementary
Table 1, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23792/abstract).
We conducted all analyses using SAS software, version 9.4
and used the Proc Traj add-on package for GBTMs. Data were
obtained from the Centers for Medicare and Medicaid Services
through a data use agreement. Data are presented in accord-
ance with their policies. The Partners Healthcare Institutional
Review Board approved this study.

RESULTS

We identified 2,309 AZA initiators and 2,070 MMF initia-
tors. AZA initiators were slightly older with a mean + SD age
of 36.1 + 11.8 years compared to 33.4 + 11.6 years for MMF
(Table 1). The percentage of females was slightly higher among
AZA initiators as was the percentage of African Americans.
On average, AZA initiators at baseline had less severe SLE
with a lower mean SLE risk adjustment index, lower preva-
lence of lupus nephritis, fewer overall medications, and less
immunosuppressant use. Corticosteroid use was comparable
between initiators of the 2 drugs. The mean + SD PDC for
AZA initiators beginning at the index date of new use was 40%
+ 29%, with 15% classified as adherent (PDC >80%) com-
pared to 44% + 30% for MMF, with 18% classified as adherent
(P < 0.001). We did not observe significant changes in either
AZA or MMF adherence by index date year (see Supplemen-
tary Figure 1, available on the Arthritis Care & Research web
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23792/
abstract). When we varied the adherence threshold, 7.3% of
AZA initiators and 8.6% of MMF initiators had PDCs >90%,
and 21.9% of AZA initiators and 25.7% of MMF initiators had
PDCs >70%.

We examined 3- to 6-group GBTMs for both AZA and MMF
initiators. We aimed to balance model fit with explanatory power
and to compare similar numbers of trajectories for both medica-
tions. A 4-group model provided an adequate fit for both drugs.
The mean posterior probabilities for each trajectory were >80%,
and each trajectory had a reasonably balanced distribution of indi-
viduals. The Bayesian information criteria for the 3-group models
were slightly smaller than for the 4-group models, but we chose

Table 1. Baseline characteristics of azathioprine and mycophenolate
initiators with SLE in Medicaid, 2000-2010*

Mycophenolate

Azathioprine mofetil
Characteristics (n=2,309) (n=2,070)
Age, mean = SD years 36.1+11.8 33.4+116
Female 2,138 (92.6) 1,857 (89.7)
Race/ethnicity
African American 1,089 (47.2) 925 (44.7)
White 579 (25.1) 506 (24.4)
Hispanic 476 (20.6) 453 (21.9)
Asian 93 (4.0 114(5.5)
American Indian/Alaska 22(1.0) 31(1.5)
Native
Region
Northeast 523(22.7) 577 (27.9)
South 837 (36.3) 680(32.9)
Midwest 378 (16.4) 368 (17.8)
West 571 (24.7) 445 (21.5)
Median (25th, 75th 41,643 42,557
percentile) household (33,659- (33,995-55,565)
income, $1 51,948)
Diabetes mellitus 297 (12.9) 242 (11.7)
SLE risk adjustment index, 14+22 21425
mean + SD
Lupus nephritis 503 (21.8) 1,162 (56.1)
No. drugs, mean + SD 50£3.6 55+£38
Antidepressant use 439 (19.0) 209 (10.1)
Corticosteroid use 1,898 (82.2) 1,704 (82.3)
Hydroxychloroquine use 1,315 (57.0) 938 (45.3)
Immunosuppressant usef 374.(16.2) 526 (25.4)
No. of SLE-related 33+4.2 37+50

laboratory tests, mean
+SD§

* Values are the number (%) unless indicated otherwise. SLE = sys-
temic lupus erythematosus.

t By zip code.

¥ Methotrexate, leflunomide, tacrolimus, sulfasalazine, cyclosporine,
cyclophosphamide, azathioprine (for mycophenolate mofetil initia-
tors), and mycophenolate mofetil (for azathioprine initiators).

§ Blood urea nitrogen, creatinine, complement C3 and C4, erythrocyte
sedimentation rate, C-reactive protein level, anti-double-stranded
DNA, and urinalysis.

the 4-group models because we felt that the explanatory potential
was greater, and the other model fit criteria were met (15).

Overall, we observed similar patterns for the 4-group tra-
jectory model (Figure 1). In the persistently adherent trajec-
tory (group 4), there were 384 (17%) AZA initiators and 441
(21%) MMF initiators. In the persistently nonadherent trajec-
tory (group 1), there were 1,030 (45%) AZA initiators and 883
(43%) MMF initiators. Among AZA initiators, 2 groups with
more dynamic nonadherent patterns (group 2 and group 3)
steadily declined until between 6-7 months, at which point
adherence for group 3 plateaued at ~45% of days/month cov-
ered, while group 2 continued to decline. Among MMF initia-
tors, of those with more dynamic nonadherent patterns, group
2 precipitously declined initially and then plateaued at ~30%
of days/month covered. Group 3 declined more slowly over
the course of use, remaining just below the adherent range of
>80% of days covered until between months 4 and 5.
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Figure 1. Group-based trajectory models demonstrating monthly adherence patterns for patients with systemic lupus erythematosus enrolled

in Medicaid over the first year of azathioprine and mycophenolate mofetil use, with group 4 (black) as the persistently adherent trajectory and
group 1 (red) as the persistently nonadherent trajectory. Groups 2 (green) and 3 (blue) show more dynamic nonadherent patterns.

We examined multinomial logistic regression models
comparing the odds of belonging to the nonadherent trajec-
tories (groups 1-3) versus the persistently adherent trajectory
(group 4) for both AZA and MMF initiators (Table 2). Among
AZA initiators, we observed increased odds of belonging to
the persistently nonadherent trajectory (group 1) versus the
persistently adherent trajectory (group 4) among patients with
SLE who were African American (odds ratio [OR] 1.67 [95%
confidence interval (95% Cl) 1.20-2.31]) or Hispanic (OR 1.58
[95% CI 1.06-2.35]) compared to white and in the age 18-35
year group (OR 1.60 [95% CI 1.10-2.34]) compared to the
oldest (age 51-65 years). We found >2 times higher odds of
belonging to the declining and then plateauing nonadherent
trajectory (group 3) versus the persistently adherent trajectory
(group 4) for African Americans and Hispanics, and reduced
odds of belonging to group 3 versus 4 among individuals liv-
ing in areas with less than or equal to the median of the zip
code median household income compared to areas above the
median (OR 0.63 [95% CI 0.47-0.86]). Male sex and increased
number of medications were associated with reduced odds of
belonging to nearly all nonadherent trajectories compared to
the most adherent (group 4).

Among MMF initiators, we did not observe statistically sig-
nificant associations by race/ethnicity comparing any of the non-
adherent trajectories (groups 1-3) to the persistently adherent
trajectory (group 4). Similar to AZA, we observed reduced odds
of belonging to the persistently nonadherent trajectory (group
1) versus the persistently adherent (group 4) among males
compared to females (OR 0.67 [95% Cl 0.45-0.99]) and for
increased medication use (OR 0.90 [95% CI 0.87-0.94]). Spe-
cific to MMF initiators, we observed reduced odds of belonging
to the persistently nonadherent versus the persistently adher-
ent group among patients with SLE with lupus nephritis (OR
0.74 [95% CIl 0.55-0.99]) and increased odds among those
living in areas below or equal to the median household income
compared to above (OR 1.33 [95% CI 1.02-1.72]). Increased
number of emergency department visits were also associated

with increased odds of belonging to the least adherent groups
(groups 1 and 2) versus the most adherent group (group 4).

In sensitivity analyses, censoring at indications that may
have resulted in physician-recommended discontinuation of
AZA or MMF, we observed only modestly increased adherence
estimates. Among AZA initiators, censoring at >1 ICD-9 code
for serious infection, transaminitis or neutropenia, the mean +
SD PDC was 45% + 30%, with 18.8% categorized as adherent
(PDC =80%). Among MMF initiators, censoring at serious infec-
tion, transaminitis, neutropenia, colitis, or pregnancy, the mean +
SD PDC was 49% + 29%, with 22.7% categorized as adherent.

DISCUSSION

Overall, we observed profoundly poor adherence among
Medicaid beneficiaries with SLE who initiated AZA or MMF over
the first year of use; less than one-quarter of patients refilled their
medications 80% of the time or more. These rates of nonadher-
ence were similar among HCQ initiators also enrolled in Medicaid
(8). Our findings were also in line with a prior study that utilized
trajectory models to describe adherence patterns among statin
initiators; only 23.4% were persistently adherent over the first 15
months of use (14).

In our cohorts, adherence was slightly better among MMF
initiators compared to AZA initiators, and groups of MMF nonad-
herers appeared to remain at least partially adherent for longer.
The populations of AZA and MMF initiators were somewhat dif-
ferent; AZA initiators were slightly older, included more females,
likely because this medication is compatible with pregnancy
whereas MMF is not, and had less severe SLE, with a lower
prevalence of lupus nephritis and prior immunosuppressant use.
Predictors of nonadherence differed as well. We observed pri-
marily demographic associations with AZA nonadherence; Afri-
can American race, Hispanic ethnicity, female sex, and younger
age were associated with increased odds of nonadherence.
However, among MMF initiators, although we did see an asso-
ciation between female sex, younger age, and nonadherence,
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Table 2. Multivariable multinomial regression comparing the odds of belonging to a nonadherent trajectory (groups 1-3) to the most adherent
trajectory (group 4, reference) for azathioprine and mycophenolate mofetil initiators with SLE*

Azathioprine

Mycophenolate mofetil

(n =2,309) (n=2,070)
Predictors Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
Total (%) 1,030 (44.6) 459 (19.9) 436 (18.9) 883 (42.7) 441 (21.3) 305 (14.7)
Age, years
18-34 1.60 (1.10-2.34T  1.75(1.12-2.73)t 1.48 (0.96-2.29) 1.14(0.76-1.71) 1.15(0.71-1.86) 1.95 (1.12-3.42)t
35-50 1.36(0.95-1.96)  1.67 (1.09-2.57)t 117 (0.76-1.79) 0.83(0.55-1.26) 0.96 (0.59-1.56)  1.44(0.82-2.54)

51-65 (reference)
Sex

Male

Female (reference)
Race/ethnicity

African American

Hispanic

Asian

American Indian/

Alaska native

White (reference)
SLE risk adjustment

index
Lupus nephritis
Diabetes mellitus
Household income

<median

>median (reference)
No. of medications
Outpatient visits
Hospitalizations
ED visits

0.59 (0.39-0.9M)t

1.67 (1.20-2.3Nt
1.58 (1.06-2.35)t
1.02 (0.52-1.99)
0.78 (0.24-2.51)

0.98 (0.91-1.05)

1.06 (0.75-1.49)
111 (0.74-1.67)
0.80(0.61-1.04)

1.01 (0.98-1.03)
1.08 (0.96-1.21)
1.05(0.99-1.12)

0.68 (0.42-1.11)

1.62 (1.11-2.35)t
1.37(0.87-2.15)
0.85(0.40-1.84)
0.61 (0.15-2.52)

0.97(0.90-1.05)
1.22(0.83-1.79)

1.74 (111270t
0.99(0.73-1.34)

0.90(0.86-0.93)f  0.94(0.90-0.98)t

0.99(0.97-1.02)
1.05(0.93-1.20)
1.05(0.98-1.13)

0.54(0.32-0.92)t

2.05(1.39-3.02)t

2.00 (1.26-3.19)t

1.52(0.72-3.18)
NR

0.98 (0.90-1.06)

1.31(0.89-1.93)
1.30(0.81-2.08)
0.63(0.47-0.86)t

0.92 (0.88-0.96)t
0.99(0.9-1.01)
1.09 (0.96-1.24)
1.01 (0.94-1.09)

0.67 (0.45-0.99)t

1.33(0.95-1.86)
0.94 (0.64-1.39)
0.64(0.36-1.13)
1.88(0.57-6.25)

0.99 (0.92-1.05)

0.74 (0.55-0.99)t
1.05(0.70-1.59)
1.33(1.02-1.72)t

0.90 (0.87-0.94)1
0.99 (0.96-1.01)
0.98 (0.89-1.08)
1.16 (1.08-1.25)T

0.85(0.56-1.31)

1.20(0.82-1.76)
0.85(0.55-1.32)
0.62 (0.33-1.16)
1.49 (0.39-5.65)

0.97(0.90-1.04)

0.98 (0.70-1.36)
0.95(0.59-1.53)
1.28 (0.95-1.72)

0.90 (0.86-0.94)t
0.99 (0.96-1.01)
0.96 (0.86-1.08)
114 (1.05-1.23)f

0.83(0.51-1.34)

0.72 (0.47-1.09)
0.88 (0.56-1.40)
0.59 (0.30-1.17)
0.77(0.16-3.83)

1.00(0.93-1.08)

0.95(0.66-1.37)
1.02 (0.61-1.68)
1.26 (0.92-1.75)

0.99 (0.95-1.03)
0.98 (0.95-1.00)
0.98 (0.87-1.10)
1.06 (0.97-1.15)

* Values are odds ratios (95% confidence interval) unless indicated otherwise. Models were additionally adjusted for calendar year of index
date, state of residence at index date, days' supply of medication at first dispensing, SLE-related medication use (hydroxychloroquine, immuno-
suppressants, corticosteroids), number of SLE-related laboratory tests, antidepressant use, smoking, obesity, and influenza and pneumococcal

vaccinations. SLE = systemic lupus erythematosus; ED = emergency department.

t Significant.

the findings were less consistent across nonadherent trajecto-
ries, and we did not observe significant associations by race/
ethnicity. Among MMF initiators, we observed reduced odds of
persistent nonadherence associated with lupus nephritis and
increased medication use and increased odds associated with
more emergency room visits. The median zip-code level house-
hold income was slightly higher for MMF initiators compared
to AZA, and interestingly, while we observed increased odds
of nonadherence among MMF initiators living in lower versus
higher median income zip codes, the trend was in the opposite
direction among AZA initiators for unclear reasons.

In agreement with prior studies, we did not find 1 dom-
inant factor to be consistently associated with all nonadher-
ence patterns across different SLE-related medications. While
many factors likely contribute to adherence behavior, their
relationship is not necessarily constant across medications,
populations, or over time of use. Differences between SLE-
related medications, including affordability, tolerability, regimen
complexity, interactions with other medications, or lifestyle
factors, likely contribute to varying patterns of adherence.
In addition, aspects that cannot be measured in a study like
ours, which relied on claims data, including the doctor-patient

relationship or beliefs about SLE and medication safety, play a
role as well. This complexity suggests that a simple variable-
based algorithm to predict a person’s adherence pattern over
time to multiple medications is likely unrealistic.

This study has limitations. We utilized prescription refill data
to determine adherence, which may not always represent use;
however, prior studies have shown this to be a valid method
(9,16). We did not have data regarding initial AZA or MMF pre-
scribing and therefore could not capture primary nonadher-
ence. We used a cutoff of >80% to indicate adherence, and
although this is accepted in the chronic disease literature, it is
unclear whether it correlates with the physiologic levels needed
to have a clinically meaningful effect. In addition, we could not
distinguish between medically indicated discontinuation and
nonadherence. However, we excluded all hospitalized time dur-
ing which adherence could not be readily measured and con-
ducted sensitivity analyses censoring at potential indications
for physician-recommended discontinuation, which resulted
in adherence estimates similar to our primary analyses. We
lacked qualitative measures of potential predictors of nonadher-
ence, as well as actual laboratory results and medical records
to understand fluctuations in disease activity. We also lacked
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information on socioeconomic status, such as individual income
or education, and we cannot exclude the possibility that racial/
ethnic differences may be markers for differences in socioeco-
nomic circumstances. We lacked more recent data later than
2010; however, between 2000 and 2010, we did not appreciate
significant fluctuations in either AZA or MMF adherence.

In our study, we leveraged 2 large cohorts of AZA and MMF
initiators to examine adherence patterns over time. Although
we found relatively similar patterns between the 2 medications,
MMF initiators seemed to stay at least partially adherent for
longer, possibly due to an understanding of the need to treat
more severe manifestations such as lupus nephritis. Adherence
overall, however, was very poor, and in this vulnerable, low-
income SLE population, more needs to be done to facilitate per-
sistent adherence to efficacious, standard of care medications to
ultimately reduce disparities in outcomes.
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Mock Recruitment for the Study of Antimalarials in an
Incomplete Lupus Erythematosus Trial
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Objective. Recruitment to randomized clinical trials is expensive and often falls short of goals, limiting achieve-
ment of measurable outcomes. To prepare for a trial in patients with incomplete forms of lupus, a mock recruitment
protocol was carried out at 4 proposed study sites. The objective was to determine levels of interest in patients and

to uncover potential barriers to enroliment.

Methods. After obtaining institutional review board approval, study coordinators approached individuals who
generally fit proposed criteria for the trial. A standardized script was followed in a structured interview. Levels of in-
terest were determined and any reasons for concerns were collected with an open-ended format.

Results. A total of 45 subjects were interviewed, of which 73% expressed an interest in the trial, and 64% said
they were likely to enroll. Concerns of those who were not interested included risk of hydroxychloroquine, desire not

to receive placebo, and lack of time for participation.

Conclusion. The mock recruitment suggests that the trial will be attractive to suitable patients. The concerns
raised support other data indicating that provision of information is crucial to achieving enrollment goals. Mock re-
cruitment of potential investigators should be considered also to address referral concerns.

INTRODUCTION

Systemic lupus erythematosus (SLE) is defined by a com-
bination of characteristic autoantibodies along with clinical and
laboratory evidence of immune-mediated pathology. While there
are no diagnostic standards for SLE, criteria were developed first
in 1982 (1) by the American College of Rheumatology, revised
in 1997 (2), and revised again in 2012 by the Systemic Lupus
International Collaborating Clinics (SLICC) (3). These classifica-
tion criteria were designed to ensure that homogeneous cohorts
were used for observational or interventional clinical research. In
each case, a person previously diagnosed with an autoimmune
disorder is classified as having SLE based on the accumulation of
clinical and laboratory features common to expertly adjudicated
cases.
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The laboratory and clinical features that lead to lupus classi-
fication typically evolve over time (4). Autoantibodies such as anti-
nuclear antibody (ANA) and anti-Ro are often detectable 5 years
or more before the first clinical symptom. Retrospective studies
have documented that ANA-positive individuals have evidence of
altered innate and adaptive immunity, including elevated levels of
interferon-driven cytokines and memory B cells (5). Clinically, the
features of SLE can be present over several years before formal
classification is possible. This has given rise to the term incom-
plete lupus erythematosus (ILE), which may be used to refer to
individuals with clinical or serologic features of lupus who are pro-
gressing to incident SLE, as well as individuals who never develop
the requisite number of criteria for formal classification (6,7).

The diagnostic concept of ILE is problematic for several
reasons. While a percentage of patients with ILE slowly develop
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SIGNIFICANCE & INNOVATIONS

« The majority of patients with incomplete lupus
erythematosus were interested in a clinical trial
comparing untested standard of care to placebo.

+ However, only 64% said they would be likely to en-

roll in such a trial.

Successful recruitment for a trial such as this, which

tests a treatment available as part of standard of

care, will require additional education of potential
subjects and effort to minimize the impact of the
study on participants’ lives.

+ Study success will likely require that twice as many
potential participants are screened as need to en-
roll for completion of the trial.

SLE, it is not clear whether that subset can be identified and
given therapy to prevent progression of their disease. Retrospec-
tive analyses of several large cohorts of such patients reveal that
two-thirds or more of them are treated with antimalarials such
as hydroxychloroquine (HCQ) despite the lack of a Food and
Drug Administration indication for this condition (8,9). This drug
has been thoroughly tested in cases of SLE, where it has been
shown to prevent disease flares, decrease damage, improve
survival, and delay onset of disease (10). However, HCQ has
not been rigorously tested in patients with ILE. While a recent
study showed that ILE patients taking HCQ had lower expres-
sion levels of type | interferon-inducible genes than those not
taking the drug, the long-term clinical benefit of this medication
is unknown (7).

The Study of Anti-Malarials in Incomplete Lupus Erythe-
matosus (SMILE; NCT03030118) is a multicenter, randomized,
placebo-controlled, clinical trial of HCQ in patients with ILE.
The primary outcome of this trial is the change in the rate of
accumulation of SLICC criteria for the classification of lupus.
Approximately 200 patients are to be followed for 2 years while
receiving the study medication. In order to plan for this trial, it
was necessary to learn whether patients with ILE would be
willing to participate. While HCQ is not formally approved for
this condition, it is commercially available, and most physi-
cians feel comfortable using it in patients who are not diag-
nosed with SLE. Therefore, the prospect of being randomized
to receive a placebo may make it difficult to recruit a sufficient
number of participants. To study this and judge the feasibil-
ity of the clinical trial, a mock recruitment was conducted for
SMILE. This recruitment has given important insights into the
willingness of patients to participate and informed our recruit-
ment strategies.

SUBJECTS AND METHODS

The current study was performed at the University of Texas
Southwestern Medical Center, the Milton S. Hershey Medical

Center of Penn State University, the Oklahoma Medical Research
Foundation, and the Cedars-Sinai Medical Center. It was approved
by an institutional review board at each site.

Study participants were identified during routine clinical care
in the rheumatology and/or dermatology practices of the partic-
ipating institutions. They met the provisional inclusion criteria for
SMILE: 1) ages 18-45 years; 2) ANA >1:160 by indirect immu-
nofluorescence testing; 3) presence of 1 or 2 additional SLICC
criteria for the classification of lupus; 4) either sex; 5) be able to
provide informed consent.

Participants who met the appropriate criteria were read a
script (see Supplementary Appendix 1, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23802/abstract) that described the rationale
and conduct of the SMILE trial. The risks and potential benefits
of HCQ and placebo were explained, as was the fact that HCQ
was already available from their provider. The physician or study
coordinator then obtained informed consent from the patient
for their participation. Basic demographic data and information
on personal or family history of autoimmune diseases were col-
lected from the patients who consented. Participants were then
asked the following 4 questions:

1) I have told you about a proposed clinical trial or study of HCQ
to treat early or mild lupus-like illness similar to the condition
your doctor is treating you for. Do you have any questions
about the proposed clinical trial? Can | explain it better? (Par-
ticipants could answer yes or no).

2) If the proposed clinical trial of HCQ to treat early or mild
lupus-like iliness was enrolling patients today, how much in-
terest do you have in learning more about the trial (for exam-
ple, look at consent form, talk to family, talk to other doctors)?
(Participants could answer 0% [no interest], 25%, 50%, 75%,
or 100% [very interested]).

3) If the proposed clinical trial of HCQ to treat early or mild lu-
pus-like illness was enrolling patients today, how likely would
you be to enroll in the trial, considering all the information you
have today? (Participants could answer 0% [definitely not en-
roll], 25%, 50%, 75%, or 100% [definitely would enroll]).

4) If you answered 0%, 25%, or 50% to either Question 1 or 2,
can you tell us what your concerns are? You may pick more
than one. (Participants were offered the following prompts:
Risks from HCQ appear too great; don’t want to risk getting
placebo; no time to participate; already tried HCQ in the past;
want to try something else; other [free text]).

Additional data, including the presence of ANA, other serol-
ogy, immunologic features of SLE, presence of cytopenias,
serositis, musculoskeletal symptoms, cutaneous symptoms,
and constitutional symptoms (e.g., fatigue, fever), were obtained
from the clinical chart. All data were entered anonymously into
a Research Electronic Data Capture (REDCap) database hosted


http://onlinelibrary.wiley.com/doi/10.1002/acr.23802/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23802/abstract

SMILE TRIAL MOCK RECRUITMENT

1427

Table 1. Interest and likelihood of enrolling in a trial of hydroxychloroquine for incomplete lupus erythematosus*

Interest in learning more

Likelihood of enrolling

Feature No. 0-50% 75-100% 0-50% 75-100%

Ethnicity/racet

Non-Hispanic White 31 7 24 " 20

African American 6 1 5 2 4

Hispanic 5 2 3 3 2
Previous diagnosis of autoimmune 8 1 7 3 5

disease
Family history of autoimmune disease 19 4 15 3 5
Serology other than ANA 14 2 12 3 11
Cytopenias 4 1 3 2 2
MSK symptoms 27 7 20 8 19
Cutaneous symptoms 26 6 20 9 17
Serositis 1 0 1 1 0
Constitutional symptoms 20 3 17 5 15

* All comparisons of low versus high interest and low versus high likelihood of enrollment were not significant by Fisher's exact test. ANA = anti-

nuclear antibody; MSK = musculoskeletal.
t Two participants were Asian and 1 declined to identify their race.

by the University of Texas Southwestern Center for Translational
Medicine (11).

For the purposes of analysis, participants were categorized
as likely to enroll in the clinical trial if they answered Question 3
with either 75% or 100%. A Fisher’s exact test was performed to
test the significance of differences in the proportion of such partic-
ipants based on clinical and demographic characteristics.

RESULTS

A total of 45 subjects were included. The median age
was 35 years (range: 16-57 years) and the median duration
of symptoms prompting evaluation by a rheumatologist or
dermatologist was 3 years (range: 1-21 years). Most partic-
ipants were female (n = 43; 96%) and non-Hispanic white (n
= 31; 69%). A minority of participants were African American
(n = 6; 13%) or Hispanic (n = 5; 11%). Some reported that
they themselves had previously been given a diagnosis of an
autoimmune disease (n = 8; 18%), while a greater number
indicated that a family member had been diagnosed with an
autoimmune disease (n = 19; 42%). In some of these patients
(n = 14; 31%), autoantibodies other than an ANA were known
to be present at the time of the interview. Musculoskele-
tal symptoms (arthralgia/arthritis or myalgia) and cutaneous
symptoms were the most common clinical features (n = 27;
60% and n = 26; 58% of participants, respectively), and con-
stitutional symptoms were also relatively common (n = 20;
44%); these were primarily fatigue or low-grade fever. No par-
ticipant had known contraindications for the use of HCQ.

Most of the participants (n = 42; 93%) felt that the descrip-
tion of the proposed clinical trial was adequate. One subject
requested more information on the constituents of the placebo
capsule. Overall, 33 (73%) of the interviewees expressed inter-

est in the trial, and a majority (n = 29; 64%) said they were likely
to enroll. None of the clinical or demographic features listed in
Table 1 were significantly associated with the likelihood of the
responses “interested in the trial” or “likely to enroll in the trial.”

The 16 interviewees who were not interested or were not
likely to participate in the clinical trial were asked for their rea-
sons. Some (n = 4; 25%) were concerned that the stated risks
of HCQ appeared too great, and there was also concern about
the risk of receiving the placebo (n = 3; 19%). Eight of those who
were not interested (50%) felt that they did not have time to par-
ticipate in a trial. Free text answers also included concerns about
the number of medications that the respondents were already
taking and the logistics of participation (Table 2).

DISCUSSION

Recruitment and enrollment in randomized clinical trials
is a major challenge of clinical investigation. Clinical trials in
human subjects are expensive and recruitment costs are a sig-
nificant proportion of the expense. Failure to reach recruitment
goals has been estimated to occur in at least 20% of trials and
often results in premature study closure and decreased reli-
ability of the data generated. As a consequence, translation of
research to clinical practice is impaired, and implementation of
advancements in disease treatment is slowed. Recognition
of these problems has led to reexamination of approaches
to recruitment, which has generally been an empiric process
that is addressed only after all other elements of the study are
in place. The significant and unmet need for development of
innovative tools for recruitment, education, and outreach has
been shown by the fact that the National Institutes of Health
has supported initiatives in this area (www.trialinnovation
network.org).
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Table2. Respondent concerns about participation in the proposed
clinical trial

Participant statement

Fear of aggravating celiac disease

Depends on job schedule, difficult to make appointments

Uncertain about starting a new medication for the patient,
personally

Just concerned about starting a new study

Symptoms are not that significant to want to take another
medication

Give it more thought

What about comparing 2 doses of Plaguenil?

Wonder about side effects

On too many other medications

Want to do more research about the drug

Would like to remain off medication and would not want placebo
if | needed medication

Systematic reviews of recruitment failure have shown some
common themes. Most often, investigators overestimate the
number of eligible participants who meet the inclusion criteria
(12). This is a possibility with the SMILE trial as well. While the
presence of ANA in the general population is common, potential
participants in SMILE must meet several other inclusion criteria,
including age and the presence of 1 or 2 objective SLICC criteria,
as well as not having taken HCQ previously. In another review of
recruitment strategies, Caldwell and colleagues determined that
various strategies to increase the potential participants’ knowl-
edge of the health problem under study through computer-aided
instruction, videos, and seminars were the most helpful (13). Oth-
ers have emphasized the greater effectiveness of recruitment to
clinical trials that enroll African Americans and Latinos when pre-
consent education was provided (14). This was anticipated for the
SMILE trial with the development of culturally appropriate recruit-
ment materials and Spanish language trial information.

The proposed study in patients with ILE presents some
unique challenges. One is the condition itself. Eligible patients will
be those who have certain inclusion criteria but who do not sat-
isfy the standard SLE classification criteria. The concept that this
is a lupus-related trial but that it does not include patients with
SLE has required outreach education with colleagues who are
the major referral sources for eligible patients. Another challenge
is the double-blind, placebo-controlled design. Approximately 1
in 5 interviewees who thought they would not enroll expressed
concern about placebo treatment as the reason. However, given
the inherent variability in the proposed study population, placebo
and active arms were deemed essential to evenly distribute the
many unknown variables. The long-term trial objective of preven-
tion of SLE also presents challenges. A major barrier to enroll-
ment in a previous study on prevention of cardiovascular disease
in SLE patients was found to be the poor understanding of the
importance of prevention on the part of both patients and the phy-
sicians who were sources of referrals (15). That previous experi-
ence differs from the SMILE trial in that symptomatic improvement

was not a likely outcome given that the target was prevention of
atherosclerosis, and the interventions proposed were unlikely to
alter the patient’s perception of well-being. In contrast, individuals
who receive active treatment in the SMILE trial have a likelihood
of improved symptoms, which will be useful for retention as well.

It is also important to consider the baseline prevalence of
persons eligible for the SMILE trial. A formal count of individu-
als meeting all inclusion and exclusion criteria was not possible.
Preliminary estimates at the trial sites indicated that 12-25%
of all referrals were for ANA positivity (not shown). At one site
(University of Texas Southwestern), an automated process mon-
itors all patients who receive ANA testing and are in the appro-
priate age range for SMILE. Typically, there are ~75 such people
per month, with 1-2 per week meeting the other entry criteria for
SMILE. This suggests that while recruitment for SMILE is numeri-
cally feasible, robust strategies such as tools that search the elec-
tronic health record and repeated outreach to referring physicians
and community rheumatologists are necessary for success.

One relevant question is whether patients and provid-
ers would support enrollment in a trial of an agent that is read-
ily available for off-label use, as is the case for HCQ. Erkan and
colleagues recently reported the experience of an international
multicenter trial designed to explore efficacy of HCQ thrombosis
prevention in patients with antiphospholipid antibody syndrome
(16). The trial was designed by a consortium of investigators who
determined the urgent need for such a study. The design was
not a blinded study, with HCQ as the active agent, compared
to a control group that received no treatment. The sample size
estimate was for ~1,000 patients, but after 2 years of recruitment
only 2% of this goal was reached and the study was closed with-
out achieving interpretable results. The study encountered many
problems, including cost and availability of the active drug, as well
as a reluctance on the part of some of the enrollment sites to
administer what was perceived as prophylactic therapy to rela-
tively healthy individuals. Patients also expressed an unwillingness
to take a medication for what they saw as a low risk of events.
The enrollment goal was very high; by contrast, the power calcu-
lations for the SMILE trial suggest only 192 completed patients
will be required. Whether any of the issues in this previous trial
might have been uncovered and mitigated by a mock recruitment
exercise or by an alternative design is not known. However, it did
not appear that off-label use of HCQ was a major reason for failure
of recruitment.

A common theme in clinical trial strategy development is that
engagement and education of both potential patients and refer-
ring providers in the health issues that are being addressed by the
intervention trial are essential elements of successful recruitment.
The reason for the trial appears to have greater impact than ele-
ments of the trial process itself. In the SMILE mock recruitment
exercise, one-quarter of those who were not interested or not
likely to participate expressed concerns about the risks of HCQ,
which are in fact low and which might be addressed with appropri-
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ate educational materials. A mock trial simulation in patients with
lupus at 2 centers reported similar findings in that patients recom-
mended community engagement to provide information about the
disease and the impact of the proposed study on patients (17).
These investigators also suggested that study teams be sensitive
to the needs of patients, including concerns about scheduling and
time constraints, which were issues that were expressed by half
of those who were not interested in the SMILE mock recruitment.
This consideration was taken into account when planning the visit
schedule and length of visits in the final protocol.

The attitudes of colleagues who would be sources of
patient referrals for enrollment were not surveyed in the
mock exercise and likely would be of value to include in such
prestudy activities. Appropriate educational materials might
be developed in response to concerns about randomization,
placebo treatment, and drug risk. The cited experience of the
multinational study of HCQ and thrombosis shows that even
when the study question is considered by experts in the field
to be of high importance, individual providers may be reluctant
to participate. In the case of SMILE, patients and providers
will be assured that participants will be observed more closely
than would be the case in routine care. If any individual pro-
gresses to an SLE classification, study exit is mandated so
that appropriate therapy can be initiated.
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A Pilot Study of Infrared Thermal Imaging to Detect Active
Bone Lesions in Children With Chronic Nonbacterial
Osteomyelitis

Yongdong Zhao,' ® Ramesh S. lyer," Lucas Reichley,' Assaf P. Oron,” Nancy E. Gove,” Averi E. Kitsch,?
Debosmita Biswas,? Seth Friedman,' Savannah C. Partridge,’ and Carol A. Wallace'

Objective. Chronic nonbacterial osteomyelitis (CNO) is an autoinflammatory bone disease. An inexpensive and
rapid imaging tool, infrared thermal imaging, was evaluated for its utility to detect active bone lesions in extremities
of children with CNO.

Methods. Children with suspected active CNO and healthy controls were enrolled. All subjects underwent infrared
thermal imaging of the lower extremities. Patients in the CNO group also received a magnetic resonance imaging
(MRI) examination. Hyperintensity within bone marrow on a fluid-sensitive T2-weighted MRI sequence was consid-
ered confirmatory for inflammation. Infrared thermal data were analyzed using custom software by dividing the leg
below the knee into 3 equal segments longitudinally and adding the distal femur segment as an equal length above
the knee. Median and 95th percentile temperatures were recorded for each leg segment. Temperature differences
between inflamed and uninflamed segments in all subjects (both intersubject and intrasubject) were evaluated using
a linear mixed-effects model.

Results. Thirty children in the suspected/known CNO group and 31 healthy children were enrolled. In the healthy
control group, males had significantly higher temperature in their lower extremities than females (P < 0.05). There
was no difference in temperature detected between inflamed leg segments of patients with CNO versus uninflamed
leg segments of the healthy control group. However, within the CNO group, significantly higher temperatures were
detected for inflamed versus uninflamed distal tibia/fibula segments (P < 0.01).

Conclusion. Children with active CNO lesions in the distal tibia/fibula exhibited higher regional temperatures on
average than healthy extremities. Larger studies are warranted to further evaluate the clinical utility of infrared thermal

imaging for CNO detection.
INTRODUCTION

Chronic nonbacterial osteomyelitis (CNO) is an autoinflam-
matory bone disease, which may evolve to bony destruction and
deformity. The diagnosis of CNO is based on clinical bone pain,
lytic and/or sclerotic bone lesion by radiography, and/or edema
on magnetic resonance imaging (MRI) once malignancy and
infection have been excluded (1,2). The disease is most com-
mon in long bones (1,3,4). Radiographs are relatively insensitive
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in detecting CNO, with a rate of 13% in 1 study when compared
to MRI-confirmed sites of disease (5). MRI has become the gold
standard for monitoring CNO due to its combination of superior
sensitivity and lack of ionizing radiation (6).

A CNO lesion on MRI is defined as a focal region of signal
hyperintensity within bone marrow on a short-tau inversion recov-
ery (STIR) sequence with corresponding reduced T1-weighted sig-
nal (6-9). However, MRI examinations are expensive and require
sedation in young children and therefore are used sparingly. A
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SIGNIFICANCE & INNOVATIONS

+ To our knowledge, this is the first study using infra-
red thermal imaging to determine active inflamma-
tion in bone.

* In children with chronic nonbacterial osteomyeli-
tis, median and 95th percentile temperatures of
inflamed long bones were significantly higher than
uninflamed bones in distal tibia/fibula.

« Within healthy controls, males had significantly
higher temperature than females for all lower ex-
tremity regions evaluated (P < 0.05).

quick and noninvasive tool to distinguish potential patients with
CNO needing further workup with MRI from the large population
of children with benign bone pain could dramatically shorten time
to diagnosis and treatment.

Current thermal imaging technology enables real-time
2-dimensional temperature mapping with high spatial and tem-
poral resolution. Infrared thermal imaging has been used as a
screening tool in various conditions, including skin cancer, deep
venous thrombosis, and rheumatoid arthritis (10-12), but has
not yet been investigated in CNO. We hypothesize that the
inflammation caused by CNO can be detected by thermal imag-
ing based on elevated temperature in the affected skeletal site.
The feasibility of this application was investigated in our proof-
of-concept study.

MATERIALS AND METHODS

Institutional review board approval was obtained from the
authors’ tertiary-care, multidisciplinary pediatric hospital prior
to the study. Two groups, including children with possible or
established CNO and healthy children, were enrolled after con-
senting. Inclusion criteria of the CNO group were: previously
established patients with CNO with suspected active lesions
within long bones of the lower extremities (focal warmth and/
or swelling and/or persistent pain) or new patients with focal
uptake of tracer in bone scan or typical radiographic findings
of CNO; age between 2 and 18 years; and clinical indication
of MRI of an extremity warranted. Exclusion criteria of the CNO
group were: skin infection in imaged area that could interfere
with thermal imaging results; additional sedation time required
for the research portion of the MRI; or inability to cooperate with
the acquisition of thermal imaging.

Inclusion criteria of the healthy control group were: age
between 2 and 18 years and normal skeletal health. Exclusion
criteria of the control group were: current medication use, includ-
ing nonsteroidal antiinflammatory drugs (NSAIDs); skin infection
in the imaged area that could have interfered with thermal imag-
ing results; or inability to cooperate with the acquisition of thermal
imaging. The healthy group did not undergo MRI.

Sample size calculation. For 20 patients with CNO who
have an MRI-confirmed active lesion, a temperature difference of
+1°C should be detectable with a 99% power, assuming a per
person standard deviation of 1°C as reported in active arthritis
(11), in a 2-sided paired t-test. We aimed to enroll 30 subjects to
account for missing data. The sample size of the healthy control
group was set as 30-35 patients to match the CNO group.

Image acquisition. For the CNO group, non-contrast MRI
images (including a STIR sequence) of the affected extremity with
2 planes (typically coronal and axial) were obtained based on clini-
cal indication, and a research MRI examination of the contralateral
extremity was obtained during the same scanning session. Twelve
patients in the CNO group received an MRI scan of the entire
femur and tibia. The entire tibia was imaged in 8 patients, while
the entire femur was imaged in 3 patients. Five patients received
partial images of either femur or tibia/fibula, or both due to clini-
cian’s preference.

All subjects from the CNO group also received infrared ther-
mal imaging of the MRI-imaged extremities from 4 views (ante-
rior, posterior, medial, and lateral) either prior to or following the
MRI examination within a week. Thermal imaging was performed
using a Fluke TiR32 thermal imager with 76,800 pixels (320
x 240) (detection range —20 to 150°C, sensitivity <0.04°C) by
trained staff to ensure sharp focus, consistent camera leveling,
and stabilization. The entire imaging session took <5 minutes.
Subjects exposed their feet and entire legs to room air and rested
for at least 10 minutes prior to imaging to allow stabilization and
equilibration of skin temperature. Ambient temperature was set
at 22.2°C (72°F). Subjects posed in standardized positions to
ensure consistency of image acquisition. Imaging was performed
with subjects standing on a carpet to avoid influence from the cold
floor on body temperature and away from potentially interfering
items such as metal panels, door knobs, computer screens, and
other people. A subset of patients and controls were imaged 3
times consecutively for reproducibility analysis.

Analysis of thermal images. The spatial and temper-
ature data from infrared thermal images were exported from
SmartView software (Fluke, Inc.). Data were then analyzed
using customized semiautomated software developed in Mat-
lab (MathWorks). The lower legs were divided equally into 3
segments (proximal, mid, and distal) longitudinally by placing
crosshairs at the medial and lateral sides of the knees and
ankles from each view (see Supplementary Figure 1, available
on the Arthritis Care & Research web site at http://onlinelibr
ary.wiley.com/doi/10.1002/acr.23804/abstract), and the distal
femur segment was defined as the same length as the proximal
tibia/fibula. Minimum, median, 95th percentile, and maximum
temperatures were recorded for each leg segment. Analysis
time was ~1 minute per image. Operators were blinded to
subject diagnosis.
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Demographic, clinical and laboratory data collection.
Demographic information included sex, age, ethnicity, and race.
Clinical data included body height, weight, oral temperature,
presence or absence of bone swelling, pain or warmth, physician
global assessment (range 0-10), Childhood Health Assessment
Questionnaire score (C-HAQ) (range 0-3), patient self-reported
severity of pain (range 0-10), parent assessment of overall health
(range 0-10), and current medications. Laboratory data, including
complete blood cell count, C-reactive protein level, and erythro-
cyte sedimentation rate, were collected if available.

Grading of CNO lesions from MRI. MRI images were
scored by an experienced pediatric radiologist (RSl), who was
blinded to both clinical and thermal imaging results. Briefly, long
bones including femur, tibia, and fibula were divided into 3 equal

segments longitudinally. The presence of hyperintensity in bone
marrow (presumed inflammation) within these segments and/or
surrounding soft tissue on the STIR sequence was reported by
the radiologist. Grading of severity of bone marrow hyperintensity
was based on the extent of bone or soft tissue affected similarly,
as previously reported (13). Mild was defined as <25% of the area
affected, moderate as 25-50%, and severe as >50%.

Statistical analysis. Children with non-analyzable thermal
images were excluded from analysis. Within the CNO group, ther-
mal data from areas without MRI confirmation were also excluded.
All bone segments (distal femur, proximal tibia/fibula, mid tibia/
fibula, distal tibia/fibula) were divided into 3 groups: the healthy
control group; the CNO group without inflammation/bone mar-
row hyperintensity (MRI-negative) group; and the CNO group with

Table 1. Patient characteristics for suspected active chronic nonbacterial osteomyelitis group and healthy

control group*

CNO group Healthy controls
Variables (n=27) (n=231) P

Age at enrollment, years 10.2 (3.2-16.8) 9.7(3.3-16.2) 0.1
Height, cm 139.8 (97.8-160.3) 134.0 (96.6-161.4) 0.11
Weight, kg 36.3(18.9-69.1) 29.8(14.4-61.1) 0.04
BMI 17.8 (12.9-28.2) 16.0 (14.1-24.7) 0.04
Oral temperature, °C 36.6 (36.0-37.1)f 36.9 (36.3-37.6)F 0.004
Female, no. (%) 14 (52) 18 (58) 0.83
Race, no. (%)

White 22 (81 22.(71) 0.12

Asian 1) 7(23)

Other 2(7) 2(6)
Clinical symptoms, no. (%)

Focal swelling 8(30)

Focal tenderness 18 (67)

Focal warmth 13 (48)

Associated psoriasis 2(7)

Other rash 14)
Laboratory findings

WBC, x10*/mm? 7.5(3.0-13.5)

Platelet count, x10°/mm?

Hct, %

CRP level, mg/dl

ESR, mm/hour (normal 0-20)
Parent/patient measures

329.5(194.0-411.0)

37.7(31.7-45.5)
0.8(0.8-3.3)
13.0(5.0-34.0)

Patient's pain (range 0-10) 3.0 (0.0-7.0)

Parent’s global assessment of overall health (range 1.0 (0.0-8.0)
0-10)

C-HAQ 0.2 (0.0-1.8)

Physician global assessment of disease activity (range 2.0(0.0-5.0)
0-10)

Treatment at study entry, no. (%)8

No therapy 9(33)

NSAIDs 15 (65)

Methotrexate 5(19)

Biologic 2(7)

Pamidronate 0(0)

* Values are median (range) unless indicated otherwise. CNO = chronic nonbacterial osteomyelitis; BMI = body
mass index; WBC = white blood cell; Hct = hematocrit; CRP = C-reactive protein level; ESR = erythrocyte sedimen-
tation rate; C-HAQ = Childhood Health Assessment Questionnaire; NSAIDs = nonsteroidal antiinflammatory drugs.

tIn 19 subjects.
¥ In 20 subjects.
§ Some patients were receiving multiple medications.
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inflammation/bone marrow hyperintensity (MRI-positive) group.
Categorical and continuous demographic variables were summa-
rized and separated by group. A linear mixed-effects model with
the patient as a random factor was used to inspect the association
between the median, 95th percentile highest, and maximum tem-
peratures of each region of interest (ROI) and lesion diagnosis by
MRI in the CNO group with the assumption of normal in the healthy
control group while adjusting for age and sex. The mid-tibia/fibula
segment was excluded from this analysis due to low incidence of
lesions occurring in this segment in the study cohort.

We accounted for multiple testing using the false discovery
rate (FDR), with FDR < 0.2 considered significant, appropriate
for a small-sample pilot study. The reliability of repeated imaging
was analyzed using intraclass correlation, and analysis was per-
formed with R software, version 3.4 (R Foundation).

RESULTS

A total of 30 children from the CNO group and 31 from
the healthy group were enrolled. There were 27 children within
the CNO group who completed MRI examinations and had
analyzable thermal imaging. Patient characteristics from each
group are summarized and compared in Table 1. The weight
and body mass index (BMI) were significantly greater in the
CNO group than in the healthy control group (P < 0.05). The
healthy control group had a higher overall body temperature
(86.9°C versus 36.6°C; P = 0.004). Within the CNO group,
30% of subjects had focal bone swelling, whereas 67% had
focal tenderness, and 48% exhibited focal warmth on physical
examination. Laboratory values were normal for the majority of

45

Absent Mild

subjects in the CNO group. Patient self-reported pain, parental
global assessments of overall health, C-HAQ, and physician
global assessment were in the mild or moderate ranges. At
study entry, 65% of patients with CNO were taking NSAIDs,
while 33% were not receiving therapy.

Anterior views of 3 replicate thermal images from a total of 20
patients with CNO and healthy controls were analyzed by the same
operator, and the intraclass correlation coefficients of thermal meas-
urements ranged from 0.936 to 0.981 in all 4 segments, demon-
strating excellent repeatability. A total of 19 children within the CNO
group had MRI-confirmed active bone inflammation (hyperintensity
in bone marrow) in their lower extremities. Overall, 26 distal, 2 mid
(excluded from analysis), 18 proximal tibia/fioula, and 12 distal femur
lesions were detected on MRI. The severity of bone edema within
these lesions is shown in Figure 1. Images and thermal analysis
results from a representative case are provided in Supplementary
Figure 2, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23804/abstract.

Within healthy control subjects, there was a significant differ-
ence in sex in regard to extremity infrared temperatures (P < 0.05
for medial, lateral, and posterior views; FDR < 0.1). Males had
an average of 0.69-0.98°C higher temperatures than females in
all views. Age was inversely correlated with temperatures, with a
slope of 0.03-0.12°C per year in all views.

Using a mixed model with covariates including age, sex, health/
inflammation status (control, CNO with inflammation, CNO without
inflammation), and bone segment to determine the difference in tem-
peratures, there were no significant differences in median, 95th per-
centile, or maximum temperatures between inflamed bone segments
from children with CNO and healthy controls in any view (see Supple-

Bproximal Femur (N=36)
B Proximal Tibia/Fibula (N=44)

Omid Tibla/Fibula (N=44)

B Distal Tibla Fibula (N=44)

Moderate Severe

Figure 1. Number of extremities with hyperintensity within bone marrow in each studied leg segment from magnetic resonance imaging within

the chronic nonbacterial osteomyelitis group.
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mentary Figure 3, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23804/abstract).
When comparing bone segments within the CNO group, the median,
95th percentile, and maximum temperatures from inflamed bone
segments were higher than those from all uninflamed counterpart
bone segments (in controls and patients with CNO) from anterior (P <
0.05, FDR < 0.05), medial (P < 0.01, FDR 0.02), and lateral (P < 0.05,
FDR < 0.05) views. In the posterior view, only the maximum temper-
ature was significantly higher in inflamed bone segments compared
to the uninflamed counterparts (P = 0.02, FDR 0.03).

Inflamed distal tibia/fibula segments had significantly higher
median and 95th percentile temperatures than uninflamed coun-
terparts (P < 0.01 in all views). The mean difference between
the 2 groups ranged from 0.7°C to 1.7°C, with the greatest
difference noted in the medial view (Figure 2). Exploratory sub-
analysis showed no significant difference between inflamed and
uninflamed distal tibia/fibula segments within the same individual
(n = 7). Distal femur and proximal tibia/fibula temperatures did not
differ between legs that were inflamed and those that were unin-
flamed from any view (P > 0.05).

DISCUSSION

Our study demonstrates potential for applying thermal imag-
ing to identify inflamed bones within patients with CNO. There was

a significant difference in the median, 95th percentile, and maximum
temperatures between inflamed and uninflamed distal tibia/fibula
within the CNO group in our study. The difference was most pro-
nounced from the medial view, which corresponds to the location
of the distal tibia likely due to less interference from overlying tissue.
Subanalysis did not show temperature difference within the same
subjects because of more limited sample size. Alternatively, there
were no differences in temperature between inflamed extremities in
the CNO group and healthy extremities in healthy controls. This was
likely related to differences in patient characteristics between the CNO
and healthy control groups. Body temperature was higher in healthy
controls than in patients with CNO. Furthermore, patients with CNO
were on average heavier with greater BMIs and the thickness of tis-
sue overlying bones may reduce the heat emission for detection.

Our study also showed that standardization of imaging
acquisition and analysis is crucial when evaluating thermal imag-
ing as a diagnostic or disease-monitoring tool. For quantitative
study of a specific extremity, clear definition of body position and
view of the subject is required. Normal temperature ranges from
healthy children may vary among different ages and sexes, so it
will be important to perform a larger scale study to establish a
reference temperature library of each segment for each age and
sex. Furthermore, an internal reference within each patient may be
identified to enhance the sensitivity of detection through repeated
measures at different disease states.

Distal Tibia/Fibula Distal Femur Froximal Tibia/Fibula
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Figure 2. Mean difference between median and 95th percentile temperatures of patients with chronic nonbacterial osteomyelitis, medial view.
The 95th percentile temperature increased in inflamed distal tibia/fibula compared to that from uninflamed counterparts. Hl = hyperintensity.
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Customized software allowed automation of image analysis
to potentially reduce operator error and variation. Using easily
identifiable body landmarks also ensured standardization of ROI
selection for reproducible data analysis. Instead of using an arbi-
trary ROl drawn by the operator, the border of the ROl was defined
based on sharp changes of temperature between the environ-
ment and body surface. The heat map can be useful to locate
a hot spot within an area of interest for more focused analysis;
however, this approach is subject to false-positive error and oper-
ator bias. Therefore, we instead used a less subjective segment-
based ROI definition method. This was a proof-of-concept study
and focused on lower extremities due to the high prevalence of
CNO lesions within lower extremity long bones.

Only 70% of our CNO patient population had active lesions
in their lower extremities based on MRI assessment, which
decreased the power of our study. However, all patients with
CNO were clinically suspected to have active lesions based on
current symptoms and physical findings. This again demon-
strates the poor predictability of actual disease status solely
based on history and physical exam. This discrepancy under-
scores the importance of obtaining objective imaging studies to
accurately assess disease activity. The majority of active CNO
lesions in patients in this study were located in the distal femur,
proximal and distal tibia, and distal fibula, as reported by others
(1,4). Many lesions were graded as mild based on the affected
size. It is unknown to what degree the size of the lesion from MRI
may be directly associated with temperature.

Our study had several limitations. Our sample size was
small due to the rarity of this disease. In particular, this limited our
sensitivity to detect intrasubject differences between inflamed
and uninflamed leg segments in patients with CNO, with only
7 patients meeting criteria for this subanalysis. Healthy con-
trols were not strictly matched to the CNO group for age, sex,
and BMI. The reproducibility of the temperature measurements
over several days was not assessed due to difficulty in retaining
subjects for repeat evaluations. Finally, not all MRI examinations
included the entire femur and tibia.

Using infrared thermal imaging, children with active CNO
lesions in the distal tibia/fibula exhibited higher regional tempera-
tures versus healthy extremities in the same cohort. A larger and
longitudinal study is needed to further evaluate this technique as a
convenient, easy, and cost-effective tool to screen for patients sus-
pected of having CNO and needing additional evaluation by MRI.
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Prospective Determination of the Incidence and Risk
Factors of New-Onset Uveitis in Juvenile Idiopathic
Arthritis: The Research in Arthritis in Canadian Children
Emphasizing Outcomes Cohort
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Objective. |dentification of the incidence of juvenile idiopathic arthritis (JIA)-associated uveitis and its risk factors
is essential to optimize early detection. Data from the Research in Arthritis in Canadian Children Emphasizing Out-
comes inception cohort were used to estimate the annual incidence of new-onset uveitis following JIA diagnosis and
to identify associated risk factors.

Methods. Data were reported every 6 months for 2 years, then yearly to 5 years. Incidence was determined by
Kaplan-Meier estimators with time of JIA diagnosis as the reference point. Univariate log-rank analysis identified risk
factors and Cox regression determined independent predictors.

Results. In total, 1,183 patients who enrolled within 6 months of JIA diagnosis met inclusion criteria, median age
at diagnosis of 9.0 years (interquartile range [IQR] 3.8-12.9), median follow-up of 35.2 months (IQR 22.7-48.3). Of
these patients, 87 developed uveitis after enroliment. The incidence of new-onset uveitis was 2.8% per year (95%
confidence interval [95% CI] 2.0-3.5) in the first 5 years. The annual incidence decreased during follow-up but re-
mained at 2.1% (95% CI 0-4.5) in the fifth year, although confidence intervals overlapped. Uveitis was associated
with young age (<7 years) at JIA diagnosis (hazard ratio [HR] 8.29, P < 0.001), positive antinuclear antibody (ANA) test
(HR 3.20, P < 0.001), oligoarthritis (HR 2.45, P = 0.002), polyarthritis rheumatoid factor negative (HR 1.65, P = 0.002),
and female sex (HR 1.80, P = 0.02). In multivariable analysis, only young age at JIA diagnosis and ANA positivity were
independent predictors of uveitis.

Conclusion. Vigilant uveitis screening should continue for at least 5 years after JIA diagnosis, and priority for

screening should be placed on young age (<7 years) at JIA diagnosis and a positive ANA test.

INTRODUCTION

Juvenile idiopathic arthritis (JIA) is the most common pedi-
atric rheumatic disease, with an estimated incidence of 11.9 per
100,000 person-years and a prevalence of 1-4 per 1,000 children
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(1=3). Uvettis is the most common extraarticular manifestation of
JIA, and JIA-associated uveitis is the most common form of uve-
itis in childhood, with potential complications compromising eye-
sight (4-6). It is often asymptomatic, highlighting the importance
of vigilant monitoring to ensure prompt detection.
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SIGNIFICANCE & INNOVATIONS

* In a large cohort of children with newly diagnosed
juvenile idiopathic arthritis (JIA) followed prospec-
tively for up to 5 years, the incidence of new-onset
uveitis was 2.8% per year. Although there was a de-
crease in the annual incidence from the first to the
fifth year after diagnosis, the confidence intervals
overlapped and the annual incidence was still 2.1%
in the fifth year.

Independent predictors for JIA-related uveitis were
young age (<7 years) at JIA diagnosis and a positive
antinuclear antibody (ANA) test, while JIA subtype
and female sex were not.

Vigilant surveillance for uveitis should continue for
at least the first 5 years after JIA diagnosis and pri-
ority for screening placed on children age <7 years
at JIA diagnosis with a positive ANA test.

The frequency of uveitis in JIA cohorts has been most often
reported in the literature as the prevalence of uveitis (propor-
tion of cases at a given time) or cumulative incidence (rate of
occurrence of new cases over the total period of study). These
estimates are highly variable, ranging from 1.4% to 38%, with a
recent study of a large cohort describing a point prevalence of
13% in 2002 and a period prevalence of 11.6% in 2013 (7-13).
Differences in study design may largely account for the variability
among reported estimates, with the majority of the studies being
retrospective case series from tertiary pediatric rheumatology
centers using different juvenile arthritis classification criteria and
variable durations of follow-up (9). Furthermore, preliminary infor-
mation from a study by Consolaro et al (14) reported geographic
variability in uveitis prevalence rates.

Although previous studies have shown that uveitis devel-
ops most frequently early in the disease (8,15,16), there are very
limited data about its precise risk during the course of JIA. The
annual incidence (rate of occurrence of new cases in a given
year) after JIA diagnosis is more informative about the risk of
uveitis than frequency estimates over a reference period of time.
The annual incidence of uveitis in JIA can only be determined by
a systematic prospective study of newly diagnosed JIA patients.

Routine screening for JIA-associated uveitis is crucial to
optimize good visual outcomes since most JIA patients who
develop uveitis will have no ocular symptoms. Current guidelines
for screening frequency are based on previously reported risk
factors, including JIA subtype, younger age at JIA onset, anti-
nuclear antibody (ANA) positivity, and shorter disease duration
(8,17,18). Studies continue to investigate risk factors associated
with the development of uveitis (16,18,19), and a large retro-
spective study by Calandra et al (20) challenged the importance
of the JIA oligoarthritis subtype and female sex as independ-
ent risk factors. Higher inflammatory activity as reflected by an
elevated erythrocyte sedimentation rate (ESR) at the time of JIA

diagnosis also has been implicated as a predictor of uveitis,
although after evaluation of a large national cohort, Heiligenhaus
et al (8) concluded that ESR had no significant influence. In their
multiethnic JIA cohort, Saurenmann et al (21) found no effect of
ethnicity on the rate of occurrence of JIA-associated uveitis.

Both the assessment of risk factors and estimates of uve-
itis incidence over time from JIA diagnosis are necessary to
formulate evidence-based screening recommendations. The
Research in Arthritis in Canadian Children Emphasizing Out-
comes (ReACCh-Out) cohort is a large prospective inception
cohort with 1,497 newly diagnosed JIA patients followed for up
to 5 years (22,23). It provides demographic, clinical, and labo-
ratory data, including the presence of uveitis. We used this data
set to estimate the annual incidence of new-onset uveitis follow-
ing JIA diagnosis and the independent risk factors associated
with its development.

PATIENTS AND METHODS

The methods of the ReACCh-Out study have been
described previously (22,23). To summarize, consecutive
newly diagnosed patients with JIA defined by the International
League of Associations for Rheumatology (ILAR) criteria (24)
were recruited from January 2005 to December 2010 at all
16 Canadian pediatric rheumatology referral centers. Study
visits were scheduled every 6 months for the first 2 years and
then annually to 5 years. Demographic, clinical, and medica-
tion data were collected at each study visit using a standard-
ized data collection form. Laboratory data were collected as
clinically indicated. ANAs as detected by immunofluorescence
were considered positive at a titer >1:80. At every study visit,
the rheumatologist was asked to report the presence of uve-
itis at any time since the last study visit, whether there was
active uveitis at the time of the visit, the date of the last eye
examination, and the type of uveitis presentation (asympto-
matic [without ocular symptoms] or symptomatic). Data were
not collected on the specific symptoms reported or severity
of uveitis. At clinic visits occurring in between study visits, the
rheumatologist was asked to report all current medications,
including ophthalmic medications. The ILAR classification for
JIA subtype was first assigned by the attending pediatric rheu-
matologist and then confirmed by 4 investigators based on
submitted study data (CMD, KO, RSMY, LBT) (22,23).

In this study, we included ReACCh-Out patients with a
diagnosis of JIA made within 6 months of enrollment who
had >1 follow-up visit and documentation on the presence
or absence of uveitis. Data for study visits completed up to
June 30, 2011 were analyzed. The study was approved by the
research ethics boards at each institution and conducted in
conformity with the Declaration of Helsinki. Informed consent
was obtained from the parent/guardian and assent from par-
ticipants as appropriate.
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Table 1. Demographic characteristics of the juvenile idiopathic arthritis (JIA) uveitis cohort*

Primary, excluding

Secondary, including

Full cohort prevalent cases prevalent cases
Characteristic (n=1,183) (n=287) (n =100)T
Female, no. (%) 762 (64.4) 67(77.0) 79(79.0)
Age at JIA diagnosis, years 9.0(3.8-12.9) 3.0(2.0-5.1) 3.4(2.1-5.5)
Diagnosis to enrollment duration, 0.5(0.0-1.8) 0.7 (0.0-2.1) 0.7 (0.0-2.1)
months
Follow-up since enroliment, 35.2(22.7-48.3) 421 (28.3-57.9) 41.2 (25.7-57.8)
months
JIA subtype distribution, no. (%)
Oligoarthritis 469 (40) 49 (56) 55(55)
Polyarthritis RF negative 239(20) 18 (21) 22 (22)
Enthesitis-related 165 (14) (1) 1(1)
Undifferentiated 119 (10) 11(13) mQan
Systemic 73 (6) 2(2) 3(3)
Psoriatic 71 (6) 4(5) 6(6)
Polyarthritis RF positive 47 (4) 2(2) 2(2)
Potential risk factors, no. (%)
ANA positives 539 (49.8) 65 (76.5) 73 (76.0)
RF positiveS 82 (7.9) 5(6.0) 5(5.3)
HLA-B27 positive 126 (21.7) 4(15.4) 6(18.2)
Age <7 years at diagnosis 467 (39.5) 74 (85.1) 81 (81.0)
Medications, no. (%)#
Methotrexate 584 (49.4) 64 (73.6) 73(73.0)
Other DMARDs** 223(20.6) 18(20.7) 18(18.0)
Biologics 116 (10.7) 12 (13.8) 15 (15.0)

* Values are the median (interquartile range) unless indicated otherwise. RF = rheumatoid factor; ANA = antinuclear
antibody; DMARDs = disease-modifying antirheumatic drugs.

T Uveitis cohort including patients with uveitis at enrollment.

¥ Not all patients had autoantibody screening performed; denominator is based on the number of tests performed.
§ ANA was considered positive at a titer >1:80. ANA status was missing for 100 patients (8.4%).

9 RF tested positive at least once, different from the diagnosis of polyarthritis-RF-positive JIA, which requires
polyarthritis and 2 positive RF tests done at least 3 months apart.

# Includes all medications that patients received throughout the study.

** Other DMARDs included primarily cyclosporine, hydroxychloroquine, leflunomide, and sulfasalazine.

Statistical analysis. Analyses were performed with R soft-
ware, version 3.4.3 (25,26). Descriptive statistics were used to
describe the demographics of the patient population. Age at JIA
diagnosis, the time from diagnosis to enrollment, and the study
follow-up time were reported as median values with the interquar-
tile range (IQR 25th-75th percentile). The date of new-onset uve-
itis was defined as the date of the first visit when the patient was
reported to have developed uveitis or to have started ophthalmic
corticosteroids. Interval censoring analyses using the parametric
Weibull approach were used to confirm that there was no sub-
stantial bias as a result of this methodology (see supplementary
material, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23783/abstract).

The proportion of patients who had not yet experienced
uveitis at each time point was estimated using the Kaplan-Meier
method. The reference point for time was the date of JIA diagno-
sis. Patients who were lost to follow-up before a first occurrence
of uveitis were treated as observations censored at the time of the
last follow-up. The annual incidence of new-onset uveitis for each
of the first to fifth years after JIA diagnosis was computed as the
negative logarithm of the Kaplan-Meier estimate (the cumulative
hazard) at these time points. The incidence during the first 5 years

after the diagnosis of JIA (cumulative incidence) was computed as
1 minus the Kaplan-Meier estimate. Patients with uveitis at enroll-
ment were considered prevalent cases and excluded from inci-
dence calculations in the primary analysis because the objective
of this study was to determine the incidence of new-onset uveitis
during follow-up. In a secondary analysis including all patients with
uveitis, these patients were entered as having uveitis in the first
year.

Potential risk factors for new-onset uveitis identified through
a review of the literature (7-9,16,19) were examined using Kaplan-
Meier analyses. These risk factors were female sex, a positive
ANA test, age at diagnosis of JIA, JIA subtype, HLA-B27 status,
rheumatoid factor (RF) status, and active joint count. To have suf-
ficient patients in each category for the analyses, JIA subtypes
were grouped into 3 categories: oligoarthritis (persistent and
extended-course), polyarthritis RF negative, and other (remaining
JIA subtypes). Age at diagnosis was evaluated as a dichotomous
variable, age <7 or age >7 years. The threshold for age of 7 years
was identified based on findings from Saurenmann et al (19), who
reported a different uveitis risk in patients age <7 years at the time
of JIA diagnosis, particularly in girls. Statistical analyses were per-
formed to confirm that the age cutoff of 7 years was appropriate
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Table 2.

Incidence estimates for juvenile idiopathic arthritis (JIA)-associated uveitis*

Primary, excluding
prevalent cases

Secondary, including
prevalent cases

Year after JIA diagnosis (n=87)t (n=100)*

Year 1 3.4(2.3-4.5) 4.5(3.3-5.8)
Year 2 3.0(1.8-4.2) 3.0(1.8-4.2)
Year 3 2.8(1.3-4.2) 2.8(1.3-4.2)
Year 4 2.5(0.6-4.5) 2.5(0.6-4.5)
Year 5 1(0-4.5) 2.1 (0-4.5)
Years 1-5

Average annual incidence 2.8(2.0-3.5) 3.0(2.2-3.7)

Cumulative 5-year incidence 12.9(9.6-16.1) 13.9(10.5-17.1)

* Values are the percentage (95% confidence interval). Estimates are derived from Kaplan-Meier

survival analyses.

T Excludes 13 patients with uveitis at study enrollment.
¥ Includes 13 patients with uveitis at study enrollment, considered as having onset of uveitis

during the first year.

and included Cox regression using a spline analysis (see sup-
plementary material, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23783/
abstract). Log-rank univariate analysis was used to assess the
statistical significance of each risk factor.

The Cox proportional hazards regression model was then used
to determine the independent contribution of each univariable risk
factor. Since active joint count can vary from 1 visit to the next, this
measurement was analyzed as a time-varying covariable (26). Risk
factors with a P value less than 0.1 in the univariable analyses were
included in the multivariable analysis. A P value of less than 0.05
was considered statistically significant in the multivariable analysis.

RESULTS

Patient demographics. The ReACCh-Out study recruited
1,497 patients with JIA between January 2005 and December
2010; 1,183 patients fulfiled inclusion criteria for this study and
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Figure 1.

their characteristics are reported in Table 1. The median age at
diagnosis was 9.0 years (IQR 3.8-12.9) with a median time from
JIA diagnosis to enroliment of 0.5 (IQR 0-1.8) months, confirming
that these patients were newly diagnosed with JIA. Patients were
followed prospectively for a median of 35.2 months (IQR 22.7—
48.3) after enrollment. A total of 467 patients (39.5%) of the total
JIA cohort were age <7 years at the time of JIA diagnosis. A total
of 539 of 1,083 patients (49.8%) with data were ANA positive, 82
of 1,042 patients (7.9%) were RF positive, and 126 of 581 patients

(21.7%) were HLA-B27 positive.

Uveitis cohort. A total of 100 patients were identified as
having developed uveitis, of whom 13 patients had uveitis at the
time of study enrollment and 87 developed new-onset uveitis
during follow-up. Of the 100 patients with uveitis, 54 (54%) had
asymptomatic uveitis, 17 (17%) had symptomatic uveitis, and 29
(29%) had uveitis whose nature at presentation was not availa-
ble. Characteristics of the uveitis cohort (including and excluding
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Kaplan-Meier analysis of time to new-onset uveitis in juvenile idiopathic arthritis (JIA) patients. Censored observations are indicated

by vertical tick marks. Point-wise 95% confidence intervals are shown by curves above and below the Kaplan-Meier curve. Patients were
enrolled at a median of 0.5 months (interquartile range 0-1.9) from diagnosis. A, Primary uveitis cohort (patients with uveitis present at enrollment
were excluded from this analysis). B, Secondary uveitis cohort (13 patients with uveitis present at enrollment were included in this analysis and

considered to have uveitis onset during the first year).
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Table 3. Potential risk factors for new-onset uveitis in juvenile idiopathic arthritis (JIA) patients*

Unadjusted Adjusted
Potential risk factor HR (95% Cl) P HR (95% Cl) P
Female (ref. male) 1.80(1.09-2.96) 0.02 1.20(0.72-1.99) 0.48

ANA positive (ref. negative) 3.20(1.94-5.29) <0.001 2.23(1.32-3.78) 0.002
Age at diagnosis <7 years (ref. >7 years) 8.29 (4.60-14.96) <0.001 6.57(3.58-12.06) <0.001
JIA subtype (ref. other) 0.00 0.5
Oligoarthritis 2.45 (1.45-4.12) - 1.17(0.68-2.02) -
Polyarthritis RF negative 1.65(0.87-3.12) - 0.86 (0.44-1.69) -
HLA-B27 positive (ref. negative) 0.68 (0.24-1.98) 0.46 - -
RF positive (ref. negative) 0.75 (0.31-1.85) 0.51 - -

Active joint count 0.98 (0.92-1.04) 0.42 - -

* Unadjusted hazard ratios (HRs) were obtained by univariate log rank tests. Adjusted HRs were obtained by
Cox proportional hazards regression entering variables with P < 0.10 in univariate tests. Prevalent uveitis cases
at enrollment were excluded from these analyses. 95% Cl = 95% confidence interval; ref. = reference; ANA =

antinuclear antibody; RF = rheumatoid factor.

prevalent cases) are shown in Table 1. The majority of patients
with uveitis had oligoarthritis (55%) or polyarthritis RF negative
(22%). The next most frequent JIA subtype was undifferentiated
arthritis (11%), 3% had systemic JIA, and the least common sub-
type was enthesitis-related arthritis (ERA) (1%). Most patients with
uveitis were ANA positive (76%). While the median age at JIA
diagnosis for the uveitis cohort was 3.4 years (IQR 2.1-5.5), the
oldest patient was 18.4 years at uveitis onset. This patient had
been diagnosed 2.8 years earlier with polyarthritis—-RF-negative
JIA and was ANA positive.

Incidence of new-onset uveitis. The estimated inci-
dence rates are shown in Table 2. The incidence of new-onset
uveitis during the first 5 years was 2.8% per year (95% confidence
interval [95% CIl] 2.0-3.5). The annual incidence was highest in the
first year after JIA diagnosis at 3.4% (95% CI 2.3-4.5) and lowest
in the fifth year at 2.1% (95% CI 0-4.5), although the 95% Cls
overlapped. The cumulative incidence of new-onset uveitis dur-
ing the first 5 years after JIA diagnosis was 12.9% (95% Cl 9.6—
16.1). In secondary analyses, which included the prevalent cases
(13 patients with uveitis at the time of enrollment), the incidence for
the first year increased from 3.4% to 4.5% (95% CI 3.3-5.8) and
the overall incidence increased from 2.8% to 3.0% per year (95%
Cl 2.2-3.7), with a 5-year cumulative incidence of 13.9% (95%
Cl 10.5-17.1). Kaplan-Meier plots illustrate uveitis-free survival
from JIA diagnosis to 5 years for the JIA cohort with and without

patients with uveitis at enroliment (Figure 1).

Risk factors associated with uveitis development.
The risk factors significantly associated with the development
of uveitis in the univariable analysis were female sex (hazard
ratio [HR] 1.80, P = 0.02), oligoarthritis subtype (HR 2.45,
P = 0.002), and polyarthritis RF-negative subtype (HR 1.65,
P =0.002) compared to other subtypes, positive ANA (HR 3.20,
P < 0.001), and young age (<7 years) at JIA diagnosis (HR
8.29, P < 0.001) (Table 3 and Figure 2). In the multivariable
analysis, the independent predictors identified were age <7

years at JIA diagnosis (HR 6.57, P < 0.001) and a positive ANA
(HR 2.23, P = 0.002) (Table 3).

DISCUSSION

This is one of the few large prospective studies to assess
new-onset uveitis and its risk factors in a multicenter national
inception cohort of JIA patients. To our knowledge, it is the first to
estimate annual uveitis incidence in a cohort after JIA diagnosis.
The annual incidence of new-onset uveitis was 3.4% in the first
year after JIA diagnosis and 2.1% in the fifth year, with a cumu-
lative incidence during 5 years of 12.9%. When the 13 patients
with uveitis at the time of study enrollment are considered as
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Figure 2. Kaplan-Meier analysis of potential risk factors for juvenile
idiopathic arthritis—associated uveitis. Analyses excluded patients
with uveitis at enrollment. Censored observations are indicated by
vertical tick marks. ANA = antinuclear antibody; RF = rheumatoid
factor.
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cases of new-onset uveitis in the first year of follow-up, the inci-
dence for the first year increases from 3.4% to 4.5%, and the
cumulative incidence during 5 years becomes 13.9%.

Previous studies show that in 75-80% of cases of JIA-
associated uveitis, uveitis develops within the first 2 to 3
years and in 90-93% within 4 years after the onset of arthritis
(7,8,16). Our study provides a more precise indication of the
magnitude of uveitis risk in patients with JIA for each of the first
5 years after JIA diagnosis. Although there was a decrease
in incidence from 3.4% (95% CI 2.3-4.5) in the first year to
2.1% (95% CI 0-4.5) in the fifth year, confidence intervals over-
lapped. Fewer patients were followed up to the 5-year time
point, resulting in less precise estimates for the fifth year. Due
to the lack of a definitive decrease in annual incidence, our
findings support continued rigorous surveillance for at least
the first 5 years after JIA diagnosis.

As expected, new-onset uveitis was observed most frequently
in the oligoarthritis and polyarthritis RF-negative JIA subtypes. We
chose to combine persistent and extended-course oligoarthritis
subtypes, a strategy supported by previous authors who have
reported no difference in the occurrence of uveitis between these
subtypes as well as the development of uveitis prior to extension
(16,18). Only 1 of 171 patients with ERA developed uveitis. This
finding is in contrast to other studies that have shown a larger
proportion of ERA patients with uveitis (12,18). Since prolonged
disease duration and HLA-B27 positivity are reported risk factors
for acute uveitis in spondyloarthritis (27), the low frequency of uve-
itis observed in our study may be due to the earlier disease course
of this cohort and to the relatively lower frequency of HLA-B27 in
patients with ERA in our cohort (44%).

We identified uveitis in 3 systemic JIA patients, whose diag-
nosis of systemic JIA was confirmed by the primary rheumatolo-
gist. These patients were all ANA negative and developed uveitis
within 3 years of diagnosis. None had documented complications
of uveitis. Uveitis is uncommon in systemic JIA, and in contrast to
our findings, others have reported that it is more likely to occur after
the first 3 years of disease (28). Saurenmann et al (16) reported 1
case in 157 systemic JIA patients (0.6%), and Tappeiner et al (12)
documented uveitis in 2% of 227 systemic JIA patients.

Our study confirmed risk factors associated with new-onset
uveitis, including female sex, ANA positivity, young age (<7 years)
at JIA diagnosis, and JIA subtype (16,19,29,30). Active joint count
was not statistically significant in the univariable analysis. We iden-
tified young age (<7 years) at diagnosis of JIA and ANA positivity
as independent predictors, while female sex and JIA subtype were
not, confirming the findings in the retrospective analysis of 1,189
[talian children with JIA by Calandra et al (20). Our results suggest
that the risk factors influencing JIA-associated uveitis are actually
young age at JIA diagnosis and positive ANA test, which are typi-
cal of oligoarthritis, as opposed to the JIA subtype itself. The asso-
ciation of ANA positivity with uveitis development has been well
described (16,18,19,29). In addition, Ravelli et al (30) proposed

that ANA-positive patients constitute a more homogenous group,
compared with classification into different JIA subtype categories.
The threshold for age of 7 years at JIA diagnosis was selected
based on previous studies (19), and we performed further statis-
tical analyses with locally weighted scatterplot smoothing to con-
firm that the age cutoff of 7 years was appropriate.

There is increasing interest in the potential influence of treat-
ment on the development of new-onset uveitis in JIA. From the
national German database, Tappeiner et al (12) concluded that
disease modifying antirheumatic drugs (DMARDs) have signifi-
cantly reduced the risk for uveitis. However, they acknowledged
their inability to identify in their cohort whether DMARDs were initi-
ated for uveitis or whether uveitis developed following treatment. It
was not within the scope of our study to evaluate the influence of
treatment on the incidence of uveitis.

In the recently published European consensus-based rec-
ommendations for the management of JIA-associated uveitis,
the authors concluded that evidence for previously identified
risk factors is suboptimal (31). By confirming risk factors for JIA-
associated uveitis, and by identifying these independent risk fac-
tors and the estimated annual incidence of new-onset uveitis after
JIA diagnosis, our study provides data for the development of
an evidence-based approach to the formulation of screening
guidelines.

The greatest strengths of our study are in its prospective
inception cohort design, which provided the systematic data
collection necessary to calculate the incidence of new-onset
uveitis and evaluate risk factors, using accurately assigned
JIA subtype classifications and the designation of time of JIA
diagnosis as the point of reference in the analyses. Our cohort
provides valuable information about uveitis incidence during the
first 5 years after JIA diagnosis, when patients are considered
most at risk. However, we were limited by the decreased pro-
portion of patients followed to 5 years, which may have resulted
in less precise estimates in the fifth year and by the lack of data
beyond 5 years.

Given that data were collected by protocol for study visits
at 6 month intervals in the first 2 years and then annually to 5
years, uveitis diagnosed in the months before a study visit may
not have been reported. However, those cases would have
been captured by the report of ophthalmic medications at vis-
its documented between study visits. Since the date of uveitis
diagnosis was taken as the date of the visit when it was first
reported, this method may have had a potential impact on the
calculation of the annual incidence. However, we used interval-
censoring analyses with the parametric Weibull approach to
confirm that there was no substantial difference as a result of
this methodology.

In this large prospective inception cohort, the incidence of
new-onset uveitis in newly diagnosed JIA patients was 2.8% per
year for the first 5 years after JIA diagnosis. The cumulative inci-
dence during the first 5 years of disease was 12.9%. Young age
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(<7 years) at JIA diagnosis and a positive ANA test were independ-
ent predictors of new-onset uveitis. During each of the 5 years of
follow-up, there was continued development of new-onset uveitis
without a definitive decrease in risk.

These findings support continued vigilant surveillance for
uveitis for at least the first 5 years after JIA diagnosis and support
the idea that priority for screening should be placed on young
age (<7 years) at JIA diagnosis and a positive ANA test. Further
studies are required to determine the ongoing annual incidence
and risk of new-onset uveitis during the subsequent years of JIA
follow-up and the impact of contemporary treatment on the devel-
opment of uveitis.

ACKNOWLEDGMENTS

The authors thank all of the families for their generous partic-
ipation and the following Canadian colleagues who are ReACCh-
Out study investigators: Roxana Bolaria, Katherine Gross, Kristin
Houghton, Ross E. Petty, Stuart E. Turvey (British Columbia Chil-
dren’s Hospital and University of British Columbia, Vancouver);
Janet Ellsworth (Stollery Children’s Hospital and University of
Alberta, Edmonton); Susanne Benseler, Nicole Johnson, Paivi
Miettunen, Heinrike Schmeling (Alberta Children’s Hospital and
University of Calgary, Calgary); Roberta A. Berard (Children’s
Hospital, London Health Science Centre and Western University,
London); Maggie Larché (McMaster University, Hamilton); Bonnie
Cameron, Ronald M. Laxer, Deborah M. Levy, Rayfel Schneider,
Earl Silverman, Shirley M. L. Tse (Hospital for Sick Children and
University of Toronto, Toronto); Michele Gibbon (national ReACCh-
Out study coordinator), Roman Jurencak, Johannes Roth (Chil-
dren’s Hospital of Eastern Ontario and University of Ottawa,
Ottawa); Anne-Laure Chetallle, Jean Dorval (Centre Hospitalier
Universitaire de Laval and Université Laval, Quebec); Alessan-
dra Bruns (Centre Hospitalier Universitaire de Sherbrooke and
Université de Sherbrooke, Sherbrooke); Sarah Campillo, Gaélle
Chédeville, Claire LeBlanc, Rosie Scuccimarri (McGill University
Health Centre and McGill University, Montreal); Debbie Feldman
(Université de Montréal, Montréal); Elie Haddad, Claire St. Cyr
(CHU Ste. Justine and Université de Montréal, Montréal); Suzanne
E. Ramsey (IWK Health Centre and Dalhousie University, Halifax);
and Paul Dancey (Janeway Children’s Health and Rehabilitation
Centre and Memorial University, Saint John’s).

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. Watanabe Duffy 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. Lee, Duffy, Guzman, Oen, Watanabe
Duffy.

Acquisition of data. Duffy, Guzman, Oen, Rosenberg, Stringer, Spiegel,
Lang, Huber, Cabral, Feldman, Yeung, Tucker, Watanabe Duffy.

Analysis and interpretation of data. Lee, Duffy, Guzman, Oen,
Barrowman, Rosenberg, Shiff, Boire, Stringer, Spiegel, Morishita, Lang,
Reddy, Huber, Feldman, Tucker, Watanabe Duffy.

REFERENCES

1. Harrold LR, Salman C, Shoor S, Curtis JR, Asgari MM, Gelfand JM,
et al. Incidence and prevalence of juvenile idiopathic arthritis among
children in a managed care population, 1996-2009. J Rheumatol
2013;40:1218-25.

2. Prakken B, Albani S, Martini A. Juvenile idiopathic arthritis. Lancet
2011;377:2138-49.

3. Manners PJ, Bower C. Worldwide prevalence of juvenile arthritis:
why does it vary so much? J Rheumatol 2002;29:1520-30.

4. Angeles-Han ST, Yeh S, Vogler LB. Updates on the risk markers and
outcomes of severe juvenile idiopathic arthritis-associated uveitis. Int
J Clin Rheumatol 2013;8.

5. Berk AT, Kogak N, Unsal E. Uveitis in juvenile arthritis. Ocul Immunol
Inflamm 2001;9:243-51.

6. Angeles-Han ST, Griffin KW, Harrison MJ, Lehman TJ, Leong T,
Robb RR, et al. Development of a vision-related quality of life
instrument for children ages 8-18 years for use in juvenile idio-
pathic arthritis—associated uveitis. Arthritis Care Res (Hoboken)
2011,;63:1254-61.

7. Grassi A, Corona F, Casellato A, Carnelli V, Bardare M. Prevalence
and outcome of juvenile idiopathic arthritis-associated uveitis and
relation to articular disease. J Rheumatol 2007;34:1139-45.

8. Heiligenhaus A, Niewerth M, Ganser G, Heinz C, Minden K. Preva-
lence and complications of uveitis in juvenile idiopathic arthritis in a
population-based nation-wide study in Germany: suggested modi-
fication of the current screening guidelines. Rheumatology (Oxford)
2007;46:1015-9.

9. Carvounis PE, Herman DC, Cha S, Burke JP. Incidence and out-
comes of uveitis in juvenile rheumatoid arthritis, a synthesis of
the literature. Graefes Arch Clin Exp Ophthalmol 2006;244:281—
90.

10. Kunnamo |, Kallio P, Pelkonen P. Incidence of arthritis in urban Finn-
ish children: a prospective study. Arthritis Rheum 1986;29:1232-8.

11. Tappeiner C, Klotsche J, Schenck S, Niewerth M, Minden K, Heili-
genhaus A. Temporal change in prevalence and complications of
uveitis associated with juvenile idiopathic arthritis: data from a cross-
sectional analysis of a prospective nationwide study. Clin Exp Rheu-
matol 2015;33:936-44.

12. Tappeiner C, Schenck S, Niewerth M, Heiligenhaus A, Minden K,
Klotsche J. Impact of antiinflammatory treatment on the onset of
uveitis in juvenile idiopathic arthritis: longitudinal analysis from a na-
tionwide pediatric rheumatology database. Arthritis Care Res (Ho-
boken) 2016;68:46-54.

13. Oren B, Sehgal A, Simon JW, Lee J, Blocker RJ, Biglan AW, et al.
The prevalence of uveitis in juvenile rheumatoid arthritis. J AAPOS
2001;5:2-4.

14. Consolaro A, Ruperto N, Filocamo G, Lanni S, Bracciolini G, Garrone
M, et al, for the PRINTO. Seeking insights into the epidemiology,
treatment and outcome of childhood arthritis through a multinational
collaborative effort: introduction of the EPOCA study. Pediatr Rheu-
matol Online J 2012;10:39.

15. Angeles-Han ST, McCracken C, Yeh S, Jang SR, Jenkins K, Cope
S, et al. HLA associations in a cohort of children with juvenile idio-
pathic arthritis with and without uveitis. Invest Ophthalmol Vis Sci
2015;56:6043-8.

16. Saurenmann RK, Levin AV, Feldman BM, Rose JB, Laxer RM,
Schneider R, et al. Prevalence, risk factors, and outcome of uveitis
in juvenile idiopathic arthritis: a long-term followup study. Arthritis
Rheum 2007;56:647-57.



INCIDENCE AND RISK FACTORS OF JIA-RELATED UVEITIS

1443

20.

21.

22.

23.

. Cassidy J, Kivlin J, Lindsley C, Nocton J, Section on Rheuma-

tology, Section on Ophthalmology. Ophthalmologic examina-
tions in children with juvenile rheumatoid arthritis. Pediatrics
2006;117:1843-5.

. Bolt IB, Cannizzaro E, Seger R, Saurenmann RK. Risk factors and

longterm outcome of juvenile idiopathic arthritis-associated uveitis in
Switzerland. J Rheumatol 2008;35:703-6.

. Saurenmann RK, Levin AV, Feldman BM, Laxer RM, Schneider

R, Silverman ED. Risk factors for development of uveitis differ be-
tween girls and boys with juvenile idiopathic arthritis. Arthritis Rheum
2010;62:1824-8.

Calandra S, Gallo MC, Consolaro A, Pistorio A, Lattanzi B, Bovis F,
et al. Female sex and oligoarthritis category are not risk factors for
uveitis in Italian children with juvenile idiopathic arthritis. J Rheumatol
2014;41:1416-25.

Saurenmann RK, Rose JB, Tyrrell P, Feldman BM, Laxer RM, Schneider
R, et al. Epidemiology of juvenile idiopathic arthritis in a multiethnic
cohort: ethnicity as a risk factor. Arthritis Rheum 2007;56:1974-84.
Guzman J, Oen K, Tucker LB, Huber AM, Shiff N, Boire G, et
al, for the ReACCh-Out investigators. The outcomes of juvenile
idiopathic arthritis in children managed with contemporary treat-
ments: results from the ReACCh-Out cohort. Ann Rheum Dis
2015;74:1854-60.

Oen K, Tucker L, Huber AM, Miettunen P, Scuccimarri R, Campillo S,
et al. Predictors of early inactive disease in a juvenile idiopathic arthri-
tis cohort: results of a Canadian multicenter, prospective inception
cohort study. Arthritis Rheum 2009;61:1077-86.

24.

25.

26.

27.

28.

29.

30.

31.

Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg
J, et al, and International League of Associations for Rheumatology.
International League of Associations for Rheumatology classification
of juvenile idiopathic arthritis: second revision, Edmonton, 2001.
J Rheumatol 2004;31:390-2.

Gentleman R, lhaka R. The R project for statistical computing. 2017.
URL: https://www.R-project.org/.

Therneau T, Lumley T. Survival: survival analysis version 2.44-1.1.
2019. URL: https://CRAN.R-project.org/package=survival.
Canoui-Poitrine F, Kemta Lekpa F, Farreng V, Boissinot V,
Hacquard-Bouder C, Comet D, et al. Prevalence and factors associ-
ated with uveitis in spondylarthritis patients in France: results from an
observational survey. Arthritis Care Res (Hoboken) 2012;64:919-24.
BenEzra D, Cohen E, Behar-Cohen F. Uveitis and juvenile idiopathic
arthritis: a cohort study. Clin Ophthalmol 2007;1:513-8.

Woreta F, Thorne JE, Jabs DA, Kedhar SR, Dunn JP. Risk factors for
ocular complications and poor visual acuity at presentation among
patients with uveitis associated with juvenile idiopathic arthritis. Am J
Ophthalmol 2007;143:647-55.

Ravelli A, Felici E, Magni-Manzoni S, Pistorio A, Novarini C, Bozzola
E, et al. Patients with antinuclear antibody—positive juvenile idiopath-
ic arthritis constitute a homogeneous subgroup irrespective of the
course of joint disease. Arthritis Rheum 2005;52:826-32.
Constantin T, Foeldvari |, Anton J, de Boer J, Czitrom-Guillaume S,
Edelsten C, et al. Consensus-based recommendations for the man-
agement of uveitis associated with juvenile idiopathic arthritis: the
SHARE initiative. Ann Rheum Dis 2018;77:1107-17.


https://www.R-project.org/
https://CRAN.R-project.org/package=survival

AMERICAN COLLEGE
o RHEUMATOLOGY

Empowering R logy Professional

BRIEF REPORT

Arthritis Care & Research

Vol. 71, No. 11, November 2019, pp 1444-1449
DOI 10.1002/acr.23778

© 2018, American College of Rheumatology

Relationship Between Esophageal Abnormalities on
Fluoroscopic Esophagram and Pulmonary Function Testing

in Juvenile Systemic Sclerosis

Lusine Ambartsumyan,' Henggi B. Zheng,' Ramesh S. lyer," Jennifer Soares,' Gretchen Henstorf,” and

Anne M. Stevens®

Objective. Juvenile systemic sclerosis (SSc) is a disabling autoimmune condition that affects multiple organs in
addition to skin, notably the gastrointestinal and pulmonary systems. The relationship between esophageal abnor-
malities and pulmonary disease in juvenile SSc is not well understood. We describe associations between radiologic
esophageal abnormalities and pulmonary function.

Methods. Clinical and radiographic data of children ages >18 years who fulfilled the 2007 Pediatric Rheumatology
Provisional Classification Criteria for juvenile SSc between 1994 and 2016 were reviewed. Fluoroscopic upper gas-
trointestinal (UGI) studies, high-resolution computed tomography (HRCT), and pulmonary function tests (PFTs) within
12 months of presentation to Seattle Children’s Hospital were extracted.

Results. Twenty-one children with juvenile SSc (67% female, ages 8-17 years) were studied. Esophageal abnor-
malities, defined as abnormal esophageal peristalsis and/or bolus clearance, were found in 12 patients. Abnormal
esophagus on UGI tests was not associated with gastrointestinal or pulmonary symptoms, disease duration, use of
medications (proton pump inhibitor or immunosuppressant), or specific autoantibodies. Compared with patients with
a normal esophagus on UGI tests, children with an abnormal esophagus had decreased PFTs: mean forced expira-
tory volume in 1 second 96% versus 78% (P = 0.03), forced vital capacity 94% versus 76% (P = 0.02), and vital ca-
pacity 95% versus 76% (P = 0.02). Children with an abnormal esophagus on UGl tests had a larger mean esophageal
diameter on HRCT (14.6 mm compared to 8.5 mm; P < 0.01).

Conclusion. There was an association between esophageal and pulmonary disease in children with juvenile SSc.
Esophageal findings on UGl tests or HRCT, despite lack of symptoms, should raise concern for esophageal dysfunc-

tion and prompt heightened surveillance for concurrent lung disease.

INTRODUCTION

Juvenile systemic sclerosis (scleroderma; SSc) is a rare
connective tissue disease with an estimated incidence of <1 per
million children that carries significant morbidity and mortality (1).
Progressive multisystem organ involvement can occur in juvenile
SSc, including respiratory and gastrointestinal fiorosis leading to
>10% mortality within the first 5 years of diagnosis (2).

Recently, the Childhood Arthritis and Rheumatology
Research Alliance (CARRA) described pulmonary involvement in
34% of juvenile SSc patients enrolled in a registry (3). With the
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use of more sensitive high-resolution computed tomography
(HRCT), the prevalence of interstitial lung disease (ILD) has been
reported in up to 91% of children (4). Distinct findings on HRCT
and a restrictive pattern on plethysmography pulmonary function
tests (PFTs), as evidenced by decline in forced vital capacity (FVC)
and diffusion capacity of the lung for carbon monoxide (DLco),
are used to screen for ILD (5). However, despite vigorous screen-
ing and treatment, there is frequent development of severe ILD in
patients with SSc.

The gastrointestinal tract is affected in 25-92% of children
with SSc (2,3). The CARRA group recently reported gastrointestinal
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SIGNIFICANCE & INNOVATIONS

+ We describe the relationship between esophageal
abnormalities on imaging and pulmonary function
tests in children with juvenile systemic sclerosis (SSc).

« Abnormal esophageal peristalsis and/or bolus
clearance on upper gastrointestinal (UGI) tests
were associated with signs of decreased pulmonary
function (decreased forced vital capacity, forced ex-
piratory volume in 1 second, and vital capacity) and
increased esophageal diameter on high-resolution
computed tomography (HRCT).

« Abnormal esophageal findings were not associated
with disease duration, frequency of symptoms, or
autoantibodies.

* Neither gastrointestinal nor pulmonary symptoms pre-
dicted organ involvement as identified by UGI tests or
HRCT. In juvenile SSc, symptoms alone should not guide
screening for esophageal or pulmonary abnormalities.

involvement in 42% of their pediatric cohort marked by dysmo-
tility (20%), gastroesophageal reflux (19%), dysphagia (17%),
esophagitis (3%), and malabsorption (2%). Notably, children with
gastrointestinal disease had worse quality of life, specifically, poor
patient-reported quality of life and physician-reported functional
disability (3). The esophagus is the most commonly affected gas-
trointestinal organ in patients with SSc. Esophageal abnormalities
are associated with morbidity related to pulmonary disease (2,6).

The aim of this study was to describe the relationship between
esophageal and pulmonary disease in juvenile SSc. We hypoth-
esized that there is an association between esophageal findings
on imaging (fluoroscopic upper gastrointestinal [UGI] studies and
HRCT and abnormal spirometry and PFTs).

PATIENTS AND METHODS

Patient selection. The Seattle Children’s Hospital Sclero-
derma Registry from March 1994 to February 2016 was used for
this retrospective cross-sectional study with approval from the
Seattle Children’s Institutional Review Board. Patients ages <18
years who fulfiled the 2007 Pediatric Rheumatology Provisional
Classification Criteria for juvenile SSc (7) were included in the studly.
Medical records were reviewed to obtain demographic, clinical,
and laboratory data. UGl tests, HRCTs of the chest, and PFTs were
obtained within 12 months of initial presentation to the clinic.

Clinical and laboratory data. Baseline demographics
and clinical data were obtained from rheumatology clinic notes
at the time of UGI tests. Disease duration was defined as the
time between development of Raynaud’s phenomenon or non-
Raynaud’s phenomenon symptoms attributed to juvenile SSc
and the time of UGI tests. Pulmonary symptoms (cough, short-
ness of breath) and gastrointestinal symptoms (dysphagia, gas-
troesophageal reflux, weight loss) at the time of UGI tests were

recorded. Laboratory data, including C-reactive protein (CRP)
level, erythrocyte sedimentation rate (ESR), and hemoglobin at
the time of UGI tests and autoantibody status at time of diagno-
sis (antinuclear, anti-Ro/SSA, anti-La/SSB, anti-double-stranded
DNA, anti-Sm, anti—cyclic citrullinated peptide, anti-Scl-70, and
anticentromere), were obtained. The use of proton pump inhibitor
or immunosuppression drugs (corticosteroids, rituximab, metho-
trexate, mycophenolate, and cyclophosphamide) was assessed
from the clinic visit within 1 month before or after the UGI tests.

Radiographic studies (UGl and HRCT). The UGI param-
eters that were evaluated included abnormalities in esophageal
peristalsis, bolus clearance, and the presence of spontaneous
or provoked gastroesophageal reflux. Abnormal esophagus on
UG tests was defined by abnormal peristalsis or abnormal bolus
clearance. All HRCTs were reviewed by the study pediatric radiol-
ogist (RSI), who was blinded to the clinical status of the patient.
The HRCT parameters evaluated included esophageal appear-
ance (patulous, dilated, fluid-filled), esophageal diameter (maxi-
mum luminal diameter in mm), and the presence of lung disease.
Lung disease was further characterized into interstitial pulmonary
changes due to juvenile SSc and nonspecific interstitial changes
that did not fit diagnostic criteria for classic pulmonary findings of
juvenile SSc, which were classified as indeterminate.

Pulmonary function tests. PFTs (spirometry and pleth-
ysmography) performed within 12 months of the UGI tests were
identified. The following PFT parameters were used for analy-
sis: forced expiratory volume in 1 second percent predicted
(FEV,pp), forced vital capacity percent predicted (FVCpp), total
lung capacity percent predicted (TLCpp), vital capacity percent
predicted (VCpp), residual volume/total lung capacity (RV/TLC),
residual volume percent predicted (RVpp), forced expiratory
flow 25-75% percent predicted (FEFpp), forced expiratory vol-
ume at 1 second to forced expiration percent predicted (FEV,/
FVCpp), and diffusion capacity over alveolar volume adjusted for
hemoglobin percent predicted (DLco/Va adj pp). Results were
expressed as percentages of normal predicted values for age,
race, sex, height, and hemoglobin values for PFT parameters as
recommended by the American Thoracic Society (8).

Statistical analysis. Data are reported as mean + SEM.
Numeric comparisons were made using Student’s t-test or
analysis of variance when indicated. Nonparametric testing was
used when indicated. Proportions were compared using the
chi-square test. P values less than 0.05 were considered significant.
All analyses were performed using SPSS software, version 24.

RESULTS

Clinical characteristics. Twenty-one patients with juvenile
SSc were included in the study (7 male, 14 female; mean age 12.8



1446

AMBARTSUMYAN ET AL

Table 1. Clinical characteristics of patients at time of UGI tests*

Normal UGI test Abnormal UGI test

Characteristic (n=9) (n=12)

Age, years 131 +1.5(8.1,17.8) 12.5+2.3(9.8,16.1)
Female, no. (%) 7(77.8) 7 (58.3)
Disease subtype,

no. (%)

Limited 8(89) 4(33)

Diffuse 1(11) 8(67)
Weight, kg 46.6 +6.0(20.0, 79.9) 39.6 +2.0(24.7,53.8)
Height, cm 151.2+6.0(112.3,173.0) 150.6 +3.0(130.3, 162.0)
Body mass 19.7 +4.5(15.7, 27.6) 17.5+3.3(13.6,21.8)

index, kg/m?

Body mass index 01+04(-1.3,1.9) -0.6 +0.3(-2.74,0.94)

/-score
Disease duration, 377 £34(7,95) 15.5+3.6(1,39)

months of

symptoms

*Values are the mean + SE (range) unless indicated otherwise. There
were no significant differences between the 2 groups (independent
samples t-test, P> 0.05). UGI = upper gastrointestinal.

years; range 8.1-17.8 years). The main clinical characteristics are
shown in Table 1. All patients had UGI tests, noncontrast HRCT
of the chest, and PFTs completed within 12 months of the first
clinical rheumatology evaluation. Of the 21 patients, 9 (2 male, 7
female; mean age 13.0 years) had a normal esophagus on UGI
tests and 12 (5 male, 7 female; mean age 12.5 years) had an
abnormal esophagus on UGl tests (peristalsis or bolus clearance).
There were no significant differences in age, sex, or body mass
index between the 2 groups (P > 0.05).

Thirteen of 21 children (62%) reported gastrointestinal symp-
toms at the time of UGI tests, including dysphagia (n = 4), gas-
troesophageal reflux (n = 6), and weight loss (n = 4) (Table 2).
Symptoms did not predict esophageal findings on UGI tests: 5
of the 9 with a normal esophagus on UGI tests compared to 8
of the 12 with an abnormal esophagus reported gastrointestinal
symptoms (P = 0.60).

Six of 21 children (29%) had pulmonary symptoms, includ-
ing shortness of breath (n = 4) and/or cough (n = 3) (Table 2).
Patients with an abnormal esophagus on UGI tests tended to
have increased respiratory symptoms, although the association
was not significant in this small cohort. More children with abnor-
mal esophageal findings on UG tests had pulmonary symptoms
(5 of 12 versus 1 of 9; P =0.18).

Disease duration at the time of UGI tests was longer in
children with a normal esophagus, although the difference was
not significant (37.7 + 11.3 versus 15.5 + 3.4 months; P =
0.09). There were no significant differences in laboratory values
(hemoglobin, ESR, CRP level) or frequency of autoantibodies
at the time of diagnosis between the 2 groups. Likewise, the
use of a proton pump inhibitor, immunosuppression, or glu-
cocorticoids at the time of UGI tests did not differ between
groups (Table 2). A significant association was found between
abnormal esophageal findings on UGI tests and subtype of
disease: 89% of patients with diffuse juvenile SSc and 33%

with limited juvenile SSc had abnormal esophageal findings on
the UGl tests (P = 0.02).

Radiographic and pulmonary function charac-
teristics. Three of the 12 patients with an abnormal eso-
phagus on UGI tests had a dilated esophagus, and 1 had an
esophageal stricture. Eleven patients (92%) had abnormal
esophageal peristalsis and 10 (83.3%) were found to have
abnormal esophageal bolus clearance. Pulmonary function
decreased overall in children with an abnormal esophagus on
UG tests, including FEV,pp (mean + SEM 96 + 9% versus 78
+ 5%; P = 0.03), FVCpp (mean + SEM 94 + 8% versus 76 +
4%; P = 0.02), and VCpp (mean + SEM 95 + 8% versus 76 +
4%; P = 0.02) (Figure 1). Although DLco/Va adj pp declined in
patients with an abnormal esophagus, the difference was not
significant (mean + SEM 89 + 3% versus 81 + 6%; P = 0.21).
FEV,/FVC was similar in children with a normal and an abnormal

Table 2. Comparison of laboratory values, medications, and
symptoms between patients with normal and abnormal esophageal
findings on UGI tests*

Normal UGI test

Abnormal UG test

(n=9) (n=12)
Laboratory values
CRP (normal 0.7+£0.3(0,0.8) 0.8+0.3(0,1.2)
<0.8 mg/liter)
ESR (normal 73+3.6(0,10) 9.5+ 11.4(1,38)

<15 mm/hour)
Hemoglobin (gm/dl)

13.3+£1.5(10.3,15)

129+£15 (11,15.9)

Proton pump 6 (66.7) 9(75)
inhibitor no. (%)

Immunosuppression
no. (%)

Any immunosup- 4.(44.4) 6 (50)

pression

Cyclophosphamide 0(0) 1(8)

MTX 1(11.1) 2(16.7)

MMF 0(0) 1(8)

Rituximab 0(0) 3(25)

Glucocorticoids 4(44.4) 541.7)

Symptoms at
presentation, no.

(%)

Gastrointestinal 5(55.6) 8(66.7)
Dysphagia 3(33.3) 1(8)
Reflux 4(44.4) 2(16.7)
Weight loss 1(11.1) 3(25)

Pulmonary 1(11.1) 5@1.7)
Shortness of 1(11.1) 3(25)

breath
Cough 0 (0) 3(25)
Pulmonary 0 (0) 1(8)

hypertension

*Values are the mean + SE (range) unless indicated otherwise. There
were no significant differences between the 2 groups. Numerical
comparisons were made using independent samples t-tests and
proportions were compared using chi-square tests, P > 0.05. UGI =
upper gastrointestinal; CRP = C-reactive protein; ESR = erythrocyte sed-
imentation rate; MTX = methotrexate; MMF = mycophenolate mofetil.
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Figure 1. Pulmonary function in patients with normal versus
abnormal esophageal findings on fluoroscopic upper gastrointestinal
studies (mean + SEM). Abnormal esophagus is defined by either
abnormal bolus clearance or abnormal peristalsis by UGI tests.
FEV, = forced expiratory volume in 1 second; FVC = forced vital
capacity; VC = vital capacity; DLco/Va = diffusing capacity for
carbon monoxide corrected for alveolar volume.

esophagus on UGI tests (mean + SEM 90 + 1 versus 89 + 2;
P =0.86).

Spontaneous or provoked gastroesophageal reflux was eval-
uated on UGI tests in 19 patients and detected in 8. Reflux was
noted in 5 of 10 children (50%) with abnormal esophageal find-
ings compared to 3 of 9 (33.3%) with normal esophageal findings
(P >0.05). The presence of reflux on UGl tests was not associated
with any of the mean PFT values (P > 0.05).

To assess the relationship between esophageal abnormalities
on UG tests and HRCT of the chest, the esophageal findings on
HRCT were compared between children with a normal and an
abnormal esophagus on UGI tests. Of the 21 HRCTs, 16 were
available and reviewed by the study pediatric radiologist (RSI) to
evaluate the esophageal diameter (mm), esophageal appearance,
and lung findings of fibrosis/alveolitis. In 5 patients, the HRCT was
performed at an outside institution and images were not available
for review. Five of 16 children (31.3%) with an abnormal esoph-
agus on UG tests also had abnormal esophageal findings on
HRCT, described as patulous, dilated, and/or fluid-filled. None
of the children with abnormal esophageal findings on HRCT had
a normal esophagus on UGI tests. Children with an abnormal
esophagus on UGl tests had significantly larger esophageal diam-
eters on HRCT (normal esophagus mean + SD 8.5 + 1.2 mm
versus 14.6 + 4.3 mm for abnormal esophagus; P < 0.01). In a
subanalysis, abnormal bolus clearance on UGI tests was asso-
ciated with abnormal esophageal findings (P = 0.02) and larger
esophageal diameter on HRCT (P < 0.01).

We next assessed the relationship between esophageal
abnormalities on UG tests and ILD on HRCT. We found that 6 of
16 children (37.5%) had alveolitis or fibrosis on HRCT consistent
with juvenile SSc, and 3 of 16 (18.8%) had abnormal lung findings

on HRCT, characterized by a few scattered nodules 4 mm or less,
but which were nonspecific findings and not necessarily sugges-
tive for juvenile SSc. In our small cohort, we did not find an associ-
ation between esophageal findings on UGl tests and lung findings
on HRCT (P =0.8).

DISCUSSION

To the best of our knowledge, this is the first study to directly
show the relationship between the gastrointestinal and pulmo-
nary systems in children with juvenile SSc. In the Seattle cohort
presented here, abnormalities in esophageal peristalsis or bolus
clearance visualized on fluoroscopic UGI tests were associated
with signs of decreased pulmonary function. There were no dif-
ferences in disease duration, frequency of gastroesophageal or
pulmonary symptoms, or presence of autoantibodies between the
children with normal and abnormal esophageal findings.

Esophageal abnormalities in ILD have been reported in adults
with conflicting results. Marie et al reported significantly decreased
DLco and increased frequency of ILD on HRCT in an adult cohort
with severe esophageal motor disturbances on esophageal
manometry compared to those with normal or moderate esoph-
ageal motor dysfunction (9). Kimmel et al (6) recently reported
that patients with absent esophageal contractility on esophageal
manometry had lower DLco and FVC on PFTs compared to those
with normal esophageal manometry findings. In contrast, in a pro-
spective study of 105 adults with SSc, Gilson et al (10) did not
demonstrate an association between esophageal manometric
findings and either FVC or DLco. We demonstrated a restrictive
pattern of abnormalities on PFTs in children with juvenile SSc who
had abnormal esophageal peristalsis or bolus clearance on UGI
tests. We found a significant decrease in FVC, FEV,, and VC but
did not see any differences in DLco.

There are very limited data describing esophageal func-
tion in juvenile SSc. In a small cohort of 14 patients, Weber et al
(11) demonstrated that 64% had an increased reflux index and
86% had an elevated number of reflux episodes on 24-hour
intraesophageal pH monitoring. Symptoms of reflux were only
present in 21% and thus not reliable to predict pathologic gastro-
esophageal reflux (11). In our cohort, 29% of children had symp-
toms of gastroesophageal reflux and 42% had spontaneous or
provoked reflux on UGI tests. Our study did not reveal an associ-
ation between pulmonary function and spontaneous reflux on UGl
tests. This result may be secondary to insufficient assessment of
gastroesophageal reflux when using UGI tests.

Symptoms did not predict organ involvement as identified by
UG tests or HRCT, in agreement with previous studies. In our
patient cohort, 62% of patients had gastrointestinal symptoms.
We did not find an association between pulmonary or gastrointes-
tinal symptoms and abnormal esophageal findings on UGI tests.
Weber et al (11) also reported that only 3 of the 14 patients in their
pediatric cohort had symptoms of reflux and none had symptoms
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of dysphagia, despite increased frequency and duration of reflux
episodes on 24-hour intraesophageal pH monitoring. These
findings indicate that symptoms alone, especially in the pediat-
ric population, should not be used to guide further screening for
esophageal or pulmonary abnormalities.

We demonstrated that children with an abnormal UGI test
had larger esophageal diameters detected by HRCT. Rich-
ardson et al (12) reported that adult patients with SSc who
had a larger esophageal diameter on HRCT had an increase
in severity of imaging evidence of ILD (fibrosis, ground glass
opacities) and a decrease in FVCpp and DLcopp. Farrokh et al
(13) reported that up to 70% of patients were found to have
esophageal dilation on HRCT and demonstrated an associa-
tion between esophageal dilation and severe lung fibrosis on
HRCT. The finding of wide esophageal diameter on routine
HRCT and its relationship with worsening PFTs in SSc sug-
gests that structural abnormalities of the esophagus on HRCT
should not be overlooked; increased surveillance of pulmonary
function may be warranted.

There are several limitations in our study. We conducted a
retrospective study with a small sample size. Given the sample
size, it was difficult to divide the patients into prepubertal- and
pubertal-onset juvenile SSc, previously shown to have different
outcomes (2). In addition, we used fluoroscopic UGI tests to
evaluate abnormalities in esophageal function as depicted by
peristalsis and/or bolus clearance. Although abnormalities of
peristalsis may be seen on UG tests, the gold standard and the
standard of care for the evaluation of esophageal motility is eso-
phageal manometry (14). There is no current literature standard
on what constitutes a patulous esophagus on imaging or abnor-
mal peristalsis on UGI tests, and therefore subjectivity exists in
the radiology findings. In addition, the UGI test is not a recom-
mended test to detect gastroesophageal reflux due to reduced
sensitivity (15), and thus the true prevalence of reflux in our study
population may have been underestimated. Another potential
limitation is the ability to distinguish between SSc-related ILD
(SSc-ILD) from another lung pathology on HRCT. We were only
able to analyze 16 of 21 patients and included findings that were
more typically associated with fibrosis, but these changes are
not specific to SSc-ILD and may be seen in other ILDs.

In conclusion, this is the first study to show the rela-
tionship between gastrointestinal and pulmonary findings in
children with juvenile SSc. Abnormal esophageal findings on
UGI tests were associated with decreased FVC, FEV,, and
VC and increased esophageal diameter on HRCT. Abnormal
esophageal findings were not associated with disease dura-
tion, frequency of symptoms, or the presence of autoanti-
bodies. Thus, imaging studies remain the gold standard for
screening and monitoring patients. We speculate that in chil-
dren with juvenile SSc, abnormalities in esophageal function
(abnormal peristalsis and bolus clearance) and compromised
esophageal integrity (patulous or dilated esophagus) allow for

stasis of esophageal contents, chronic microaspiration, and
progression of ILD. Future prospective longitudinal studies
are needed to further delineate the causative role of esopha-
geal dysmotility and abnormal esophageal bolus clearance in
development and progression of lung disease in children with
juvenile SSc.
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Objective. The short-term outcomes of remission-targeted treatments of rheumatoid arthritis (RA) are well-
established, but the long-term success of such strategies is speculative, as is the role of early add-on biologics. We
assessed the 10-year outcomes of patients with early RA treated with initial remission-targeted triple combination
of conventional synthetic disease-modifying antirheumatic drugs (csDMARDs), 7.5-mg prednisolone, and additional
infliximab (IFX) or placebo infusions.

Methods. Ninety-nine patients with early, DMARD-naive RA were treated with a triple combination of csDMARDs
and prednisolone and randomized to double-blind receipt of infusions of either IFX (the Finnish Rheumatoid Arthritis
Combination Therapy Trial [FIN-RACo] + IFX) or placebo (FIN-RACo + placebo) during the first 6 months. After 2
years, the treatment strategies became unrestricted, but the treatment goal was strict remission in the TNF-Blocking
Therapy in Combination With Disease-Modifying Antirheumatic Drugs in Early Rheumatoid Arthritis (NEO-RACo)
study. At 10 years, the clinical and radiographic outcomes and the drug treatments used between 5 and 10 years
were assessed.

Results. Ninety patients (91%) were followed after 2 years, 43 in the FIN-RACo + IFX and 47 in the FIN-RACo
+ placebo group. At 10 years, the respective proportions of patients in strict NEO-RACo remission and in Disease
Activity Score using 28 joints remission in the FIN-RACo + IFX and FIN-RACo + placebo groups were 46% and 38%
(P = 0.46) and 82% and 72% (P = 0.29), respectively. The mean total Sharp/van der Heijde score was 9.8 in the FIN-
RACo + IFX and 7.3 in the FIN-RACo + placebo group (P = 0.34). During the 10-year follow-up, 26% of the FIN-RACo
+ IFX group and 30% of the FIN-RACo + placebo group had received biologics (P = 0.74).

Conclusion. In early RA, excellent results can be maintained up until 10 years in most patients treated with initial

combination csDMARDs and remission-targeted strategy, regardless of initial IFX/placebo infusions.
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SIGNIFICANCE & INNOVATIONS

* In a 10-year follow-up, a majority of rheumatoid
arthritis patients remains in remission or in very
low disease activity, with well-preserved functional
ability and minimal radiographic progression when
initially treated actively with a triple combination of
conventional synthetic disease-modifying antirheu-
matic drugs (csDMARDs) and low-dose glucocorti-
coids.

« To maintain remission, one-third of the patients
need continued combination csDMARD and low-
dose glucocorticoid treatment and one-third need
escalation to biologic DMARDSs; in one-third of the
patients the treatments can be tapered.

INTRODUCTION

Early and sustained remission is the current indisputable para-
digm in the treatment of rheumatoid arthritis (RA) (1), and because of
the modern treatment options, it has become reality to an increas-
ing number of patients (2). However, because this chronic disease
still cannot be cured, the answer to the question for how long the
remission can be sustained, and by what means, remains unclear.
There appears to be a very early window of opportunity, before any
structural joint damage emerges, during which the initiation of treat-
ment with disease-modifying antirheumatic drugs (DMARDS) results
in an increased rate of remissions (3), but how long this early effect

FIN-RACo-+INFL

Baseline N =50

1 adverse event 8 mo
1 patient request 8 mo
1 death 15 mo

2 years EEI

1 lost to follow-up 33 mo
1 lost to follow-up 36 mo

5 years

2 lost to follow-up after 60 mo

1 granulomatosis with
polyangitis after 72 mo

1 patient request after 72 mo

1 death after 84 mo

1 patient request after 96 mo

10 years N=39

lasts is of interest. Further, because the definitions of remission vary,
depending on their strictness, the pace of long-term structural dam-
age progression as well as the functional capacity within each remis-
sion category that is reached may vary correspondingly (4).

There are few trials using the modern treat-to-target approach
with truly long-term follow-ups (at least 10 years), or comprehensive
follow-up coverage (5-7). Our previous analyses of the study TNF-
Blocking Therapy in Combination With Disease-Modifying Antirheu-
matic Drugs in Early Rheumatoid Arthritis (NEO-RACo) have shown
that in early RA, an intensified initial combination treatment strat-
egy (Finnish Rheumatoid Arthritis Combination Therapy Trial [FIN-
RACo]) with methotrexate (MTX), sulfasalazine, hydroxychloroquine,
and low-dose 7.5-mg prednisolone for 2 years, and free, active,
remission-targeted DMARD treatment thereafter, resulted in very
low disease activity in most patients at 2 and 5 years. This treatment
also resulted in minimal to no radiographic joint damage progression
in most patients, regardless of double-blind induction therapy with
infliximab (IFX) or placebo for the first 6 months (8,9). In the current
study we report the 10-year outcomes of these patients.

PATIENTS AND METHODS

Study design and patients. The NEO-RACo trial was a
multicenter, investigator-initiated study that recruited 99 patients
with early, active RA fulfiling the American College of Rheumatology
(ACR) 1987 criteria (10). The patients were treated with an intensi-
fied FIN-RACo regimen for 2 years, as previously described, and in

FIN-RACo+PLA

N =49
46

1 protocol violation 18 mo
1 protocol violation 23 mo
1 patient request 24 mo

[n=

The patient with protocol violation
at 23 mo followed up and data
reported at 10 years

N =47

Figure 1. Flow-chart of the patients randomized to receive initial infliximab (the Finnish Rheumatoid Arthritis Combination Therapy Trial
[FIN-RACo] + INFL) or placebo (FIN-RACo + PLA) for 6 months in addition to a combination of 3 conventional synthetic disease-modifying
antirheumatic drugs and 7.5-mg prednisolone for 2 years and followed up for 10 years. After the 5-year visit, data were available for 43 patients
in the FIN-RACo + INFL group, of which 4 patients dropped out by 10 years, and for 47 patients in the FIN-RACo + placebo group, all of which

continued throughout the follow-up. mo = months.
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addition were double-blind randomized to receive either IFX or pla-
cebo infusions at weeks 4, 6, 10, 18, and 26 (8). An active use of
intraarticular glucocorticoid injections to all inflamed joints was part
of the protocol throughout the follow-up. After the 2-year visit, if the
patient was in remission by the strict NEO-RACo criteria (described
below), prednisolone was gradually tapered off, followed by grad-
ual reduction of conventional synthetic DMARDs (csDMARDs) as
well. If remission was lost, the previous DMARD treatment/dos-
age was restored (9). If the patient was a nonresponder after dose
and drug adjustments (less than a 50% improvement according
to ACR criteria for improvement at maximal combination after indi-
vidual substitutions) at 2 consecutive visits, the evaluation starting
after week 26, the patient was regarded as failing treatment, and
the therapy was open, including the possibility of using anti—tumor
necrosis factor (anti-TNF) blocking agents (9).

After 5 years, study visits took place by protocol once a year,
but clinical visits happened as often as needed. At all time points,
the treatment was targeted to a strict NEO-RACo definition of
remission, characterized as the presence of 5 of the 6 following
criteria: morning stiffness <15 minutes, no fatigue, no joint pain, no
tender joints (68 joint count), no swelling in joints (66 joint count)
or tendons, and erythrocyte sedimentation rate (ESR) <30 mm/
hour in women and <20 mm/hour in men. The therapies could
be modified according to the judgment of the treating rheumatol-
ogist, with the use of all available csDMARDs, biologic DMARDs
(bDMARDs), and glucocorticoids, orally as well as intraarticularly.

Outcomes and follow-up. The clinical assessments
included evaluation of the number of swollen and tender joints (66 of
68 joints), patient’s assessment of pain (10-cm visual analog scale
[VAS)), patient’s global assessment of disease activity (10-cm VAS),
physician’s global assessment of disease activity (10-cm VAS),
patient’s assessment of physical function according to the Health
Assessment Questionnaire (HAQ), and acute-phase reactants
(C-reactive protein level and ESR). The Disease Activity Score using
28 joints (DAS28) was also calculated. The medications used, the
intraarticular glucocorticoid injections given, and the occurrence of
adverse effects were carefully elucidated at each visit.

The small joints of the hands and feet were radiographed at
7 and 10 years and scored by an experienced radiologist (LL),
who was aware of the chronology of the radiographs, according
to the modified Sharp/van der Heijde (SHS) method. The primary
outcome measures were the strict NEO-RACo remissions and the
radiographic damage in hands and feet at 10 years. The second-
ary outcome measure was the DAS28 remission. In addition, we
report the use of bDMARDs and adverse events.

Statistical analysis. Statistical comparisons between
the groups were made using a t-test, bootstrap type t-test,
Mann-Whitney test, chi-square test, or Fisher-Freeman-Halton
exact test. The longitudinal remission data were analyzed with
generalized estimating equations models with an unstructured

correlation structure (binomial distribution with a log link). The
bootstrap method (5,000 replications) was used when the the-
oretical distribution of the test statistics were unknown or in the
case of violation of the assumptions (e.g., non-normality). The
Kaplan-Meier method was used to estimate the cumulative use of
bDMARDs and was compared between groups with the versatile
weighted log-rank test. Clinical outcome variables were analyzed
by the intent-to-treat principle, with the last observation carried
forward. All analyses were performed using Stata software, ver-
sion 14.1.

RESULTS

The flow chart of the patients is shown in Figure 1. One
patient in the original FIN-RACo + placebo group was excluded
from the 2- and the 5-year analyses due to a protocol viola-

Table 1. Demographic, clinical, and radiographic findings
at baseline in patients randomized to receive initial infliximab
(FIN-RACo + IFX) or initial placebo infusions (FIN-RACo + placebo)
for 6 months in addition to a combination of 3 csDMARDs and 7.5-
mg prednisolone for 2 years*

FIN-RACo FIN-RACo
+ IFX + placebo
Finding (n=43) (n=47) P
Demographic data at

baseline

Female, no. (%) 30(70) 29 (62) 0.42

Age, years 48+9 47+ 11 0.32

Symptom duration, 4(2-6) 4(2-6) 0.99
median (IQR) months

Rheumatoid factor 33(77) 34(72) 0.63
present, no. (%)

Measures of disease activity

at baseline

Number of swollen joints 15+5 16+8 0.38
(0-66)

Number of tender joints 19+10 21+ 11 0.22
(0-68)

Erythrocyte 34+22 33+22 0.93
sedimentation rate,
mm/hour

Patient's global 51+24 48 +27 0.52
assessment (VAS, mm)

Pain (VAS, mm) 55+ 27 53+ 27 0.65

Physician’s global assess- 49+ 22 55+ 20 017

ment (VAS, mm)

DAS28 5.54+1.00 5.60+1.39 0.81

Physical function (HAQ) 1.09 + 0.61 0.91+0.71 0.22
Radiography at baseline

Erosion scoret 26472 13+29 0.30

Narrowing scoret 05+16 03+0.6 0.42

Total scoret 31+84 16+32 0.29

Erosions in hand or foot 20 47) 15(32) 0.16
radiographs, no. (%)

* Values are the mean + SD unless indicated otherwise. FIN-RACo
= Finnish Rheumatoid Arthritis Combination Therapy Trial; IFX = in-
fliximab; csDMARDs = conventional synthetic disease-modifying
antirheumatic drugs; IQR = interquartile range; VAS = visual analog
scale; DAS28 = Disease Activity Score using 28 joints; HAQ = Health
Assessment Questionnaire.

T Modified Sharp/van der Heijde method.




TEN-YEAR OUTCOMES OF REMISSION-TARGETED TREATMENTS FOR RA

1453

tion (b DMARD initiation despite an ACR response >50%) and
subsequent treatment with a TNF inhibitor, but the patient was
included in the 10-year analysis. One patient from the origi-
nal FIN-RACo + placebo group withdrew consent at the 24-
month visit and was included in the 2-year analysis but not
after that. A slightly greater number of patients were lost from
the original FIN-RACo + IFX group than from the FIN-RACo +
placebo group during the 10-year follow-up period, but the
baseline data of the dropouts were comparable to data from
those patients who continued in the trial (data not shown). The
baseline demographics and the measures of disease activity,
function, and extent of structural joint damage at baseline are

shown in Table 1.
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The proportions of patients in NEO-RACo and in DAS28
remissions between 2 and 10 years are shown in Figures 2A
and 2B. At 2 years, more patients in the FIN-RACo + IFX group
had reached the very strict NEO-RACo remission, but after
that, the differences leveled out. In addition, even though at
10 years a slightly higher proportion of patients in the FIN-
RACo + IFX group reached the NEO-RACo remission, the dif-
ference was not statistically significant. Regarding the DAS28
remission, most of the patients in both groups reached this
target throughout the follow-up (Figure 2B). The proportions of
patients reaching various HAQ scores at 10 years are shown
in Figure 2C. The HAQ score of 0 was reached by 66% of
patients in the FIN-RACo + IFX group, and by 61% of patients

80:
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60:
50:
40:
30 |
20 |

10 1

O N B B E
2 5 7 10
Time, years

60 1
OFIN-RACo+PLA
@ FIN-RACO+INFL
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o
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1e®

0O 10 20 30 40 50 60 70 80 90 100
Cumulative percentage

Figure 2. A, The proportions of patients in remission according to the TNF-Blocking Therapy in Combination With Disease-Modifying
Antirheumatic Drugs in Early Rheumatoid Arthritis study; B, The proportions of patients in remission according to the Disease Activity Score
using 28 joints between 2-10 years; C, The proportions of patients reaching various Health Assessment Questionnaire scores at 10 years;
and D, Probability plot of radiographic progression from baseline to 10 years in patients randomized to receive initial infliximab (the Finnish
Rheumatoid Arthritis Combination Therapy Trial [FIN-RACo] + INFL) or placebo (FIN-RACo + PLA) for 6 months in addition to a combination of
3 conventional synthetic disease-modifying antirheumatic drugs and 7.5-mg prednisolone for 2 years. SHS = Sharp/van der Heijde.
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Figure 3. The cumulative use of biologic disease-modifying
antirheumatic drugs (bDMARDs) in patients randomized to receive
initial infliximab (the Finnish Rheumatoid Arthritis Combination
Therapy Trial [FIN-RACo] + INFL) or placebo (FIN-RACo + PLA) for
6 months in addition to a combination of 3 conventional synthetic
DMARDs and 7.5-mg prednisolone for 2 years and followed up for
10 years.

in the FIN-RACo + placebo group (P = 0.64). The mean + SD
HAQ score at 10 years was 0.17 + 0.38 in the FIN-RACo +
IFX group and 0.22 + 0.37 in the FIN-RACo + placebo group
(P=0.59).

The details of radiographic damage scores at baseline are
shown in Table 1 and the probability plot of radiographic progres-
sion is shown in Figure 2D. The radiographic joint damage pro-
gression remained slow in most of the patients up until 10 years,
when the mean total SHS score was 9.8 in the FIN-RACo + IFX
group and 7.3 in the FIN-RACo + placebo group (P = 0.34). The
respective progression rates were 0.65 (95% confidence interval
[95% CI] 0.31-1.1) and 0.58 (95% CI 0.39-0.79) units per year.
Only 15% of all the patients had a total score higher than 20, and
20% had a total score of 0.

The DMARD and prednisolone treatments used by both
patient groups after 5 years are shown in Table 2. There were
no statistically significant differences between the groups in
the treatment strategies throughout the follow-up. From 5 to
10 years, the use of combinations of csDMARDs was tapered
down; the balance was shifted toward the use of single csD-
MARDs, and at 10 years, as many as 10.5% of the patients
were using no DMARD. However, approximately one-third
of the patients needed to use various combinations of csD-
MARDs with prednisolone throughout the follow-up. After 5
years, a total of 55.6% of the patients were at least sporadically
using prednisolone. Among those patients using prednisolone

for >1 period during the study, the mean + SD daily dose of
prednisolone during the study span was 1.8 + 1.6 mg in the
FIN-RACo + IFX group and 1.6 + 1.4 mg in the FIN-RACo +
placebo group (P = 0.65). After the 6-month blinded period,
during the follow-up of 10 years, 26.3% (95% CI 15.5-42.5)
of patients in the FIN-RACo + IFX group and 29.8% (95% ClI
18.8-45.0) of patients in the FIN-RACo + placebo group had
at some point been taking bDMARDs (P = 0.74) (Figure 3).
After 6 months, the median (interquartile range) time using
bDMARDs was 23 (2-63) months for patients in the FIN-RACo
+ placebo group and 11 (2-28) months for patients in the FIN-
RACo + IFX group (P = 0.41). The number of bDMARDs used
by the patients ranged between 1 and 3 in both groups; 1
bDMARD was sufficient for 50% of patients in the FIN-RACo +
placebo group and for 58% of patients in the FIN-RACo + IFX
group. At 10 years, 18.6% of all patients were currently using
bDMARDs (Table 2).

Between 5 and 10 years, the occurrence of adverse
events is shown in Table 3. There were 5 cases of malignan-
cies (3 breast cancers, 1 metastatic adenomatous cancer,
1 unspecified malignancy) in the FIN-RACo + IFX group and
none in the placebo group. Otherwise, the number of any
adverse events, serious adverse events, or those adverse

Table 3. Adverse events (AEs) between 5 and 10 years in patients
randomized to receive initial infliximab (FIN-RACo + IFX) or initial
placebo infusions (FIN-RACo + placebo) for 6 months in addition
to a combination of 3 csDMARDs and 7.5-mg prednisolone for 2
years*

FIN-RACo
FIN-RACo + IFX  + placebo
AEs (n=43) (n=47) P
Frequency of any 34.(79) 29 (62) 0.073
AEs, no. (%)
Number of AEs/ 23+1.8 22+26 093
patient
Frequency of 28 (65) 26 (55) 0.34
moderate-serious
AEs, no. (%)
No. of moderate- 15+16 14+18 0.91
serious AEs/
patient
Malignancies, no. (%) 5(12) 0 (0) 0.022
AEs leading to 19 (44) 15(32) 0.23
change of DMARD,
no. (%)
No. of AEs leading 09+1.2 06+13 0.45
to change of
DMARD/patient
AEs related to 18 (42) 20 (43) 0.95
DMARDs, no. (%)
No. of AEs related 0.8+13 11+£18 0.42
to DMARDs/
patient

* Values are the mean + SD unless indicated otherwise. FIN-RACo
= Finnish Rheumatoid Arthritis Combination Therapy Trial; IFX = in-
fliximab; csDMARDs = conventional synthetic disease-modifying
antirheumatic drugs.
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events possibly related to the study medications did not differ
between the groups.

DISCUSSION

This study shows that excellent clinical results achieved
with early, remission-targeted treatment with a combination of
csDMARDs and systemic (supplemented with intraarticular, if
needed) glucocorticoid therapy in patients with recent-onset
RA were sustained in most patients up until 10 years. At that
time, approximately 40% of the patients had no RA symptoms,
and 70% fulfilled the DAS28 criteria for remission, and the radio-
graphic joint damage progression remained slow in the majority
of patients. Furthermore, most of the patients preserved good
functional capacity.

However, only 10% of the patients reached these goals
without any DMARD at 10 years, and the majority needed
active medications throughout the follow-up, with up to
25-30% of the patients in both groups requiring bDMARD
treatment at some point in their disease course. This result is
in accordance with real-life data (11) and agrees with the treat-
ment protocol aiming at sustained remission. While the use
of csDMARDs can be considered as self-evidently necessary,
oral glucocorticoids raise contradictory opinions (12), and the
use of bDMARDs is by no means straightforward and often
confronts medical, social, and especially economic obstacles
(13). Nevertheless, in different reports, approximately 50% of
patients with established RA are currently treated with gluco-
corticoids, and depending on the patient population, 20-40%
are treated with bDMARDs (14).

Earlier long-term studies have shown the course of RA with
suboptimal treatment (15-17). As expected, the results of the
current trial are far superior. To our knowledge, studies with an
active, modern treat-to-target strategy and long follow-up times
are sparse (5-7). The Dutch Behandel Strategieen (BeSt) trial
compared 4 strategies guided by the DAS in 508 patients with
early RA (7). In that trial, the mean HAQ score at 10 years was
0.57 and thus higher than in our study. Furthermore, 38% of
the patients in the BeSt trial had dropped out from the 10-year
follow-up, especially those with a higher baseline HAQ score.
The remission rate evaluated by DAS (18) in the BeSt trial at 10
years was 53%, but the different definition of remission makes
the comparison to our results difficult. In the BeSt trial, the drug-
free remission was a treatment goal, unlike in our trial, and was
reached by 14% of the patients participating at 10 years. Com-
paring the radiographic progression between these 2 trials is
somewhat complicated, since more patients in the BeSt trial
seem to have had erosive disease at baseline than in our trial.
Furthermore, the duration of symptoms of the patients at entry
in the BeSt trial was <2 years compared with <1 year in our
study. Nevertheless, the total SHS score at 10 years was some-
what lower in the NEO-RACo patients than in the BeSt patients.

Additionally, when comparing the probability plots showing the
radiographic progression of each patient in these trials, the scale
in the BeSt trial reaches up to 250 instead of 60 in our trial,
and the highest outliers appear to have had considerably more
progression than in the NEO-RACo trial. Comparison of med-
ications used in these trials is basically impossible due to the
heterogeneity of the strategies, and furthermore, approximately
20% of the patients in each group in the BeSt trial at 10 years
were using medications outside the protocol. Still, the use of
combination csDMARDs and low-dose prednisolone appeared
to be more common in the NEO-RACo trial.

When comparing the NEO-RACo results to the long-term
outcomes of the original FIN-RACo trial, the NEO-RACo remis-
sion rates in the current trial were surprisingly similar to the
strict ACR remission rate in the original FIN-RACo combina-
tion therapy group at the 11-year visit (45-38% versus 38%,
respectively). This result was despite the fact that only 11%
of the FIN-RACo patients had been treated with bDMARDs
(6). Comparing the radiographic joint damage progression
between these 2 trials is complicated due to different meth-
odologies (Larsen versus SHS score). However, evidently the
more aggressive continuous treatment with higher doses of
MTX and the earlier availability of bDMARDs in the NEO-RACo
trial has led to less radiographic progression (mean 7.3-9.8
of a maximum of 448 with the SHS method) than noted in the
FIN-RACo trial (mean 17 of a maximum 200 with the Larsen
method) (6,19).

When comparing our results to real-life observational data,
a Norwegian cross-sectional, observational study on RA patients
with the disease duration of approximately 10 years showed that
more recent cohorts had lower disease activity and better func-
tional capacity than older ones (14). Nevertheless, compared to
our patients, the percentage of patients in remission was lower,
implying that the treatment in this real-life setting was not as effi-
cient as in our trial, even though 26.0-34.9% of patients in all Nor-
wegian year-cohorts had been taking bDMARDs.

Evidently, the main limitation of our study is the small size of
the study population. The original population was calculated to
have the power to demonstrate a 30% difference in the remission
rates between the groups at 2 years. Smaller differences, there-
fore, may not be distinguished, especially at 10 years. Thus, this
follow-up study functions best by showing the long-term evolution
of this well-defined and actively treated population, regardless of
the original randomization group, a strategy used even by larger
randomized controlled trials with prolonged follow-ups. Another
limitation of our study is that not all patients participated in all fol-
low-up visits. However, the missing data were processed with the
last observation carried forward method, and by the end of the
trial only 13% of the patients were lost to follow-up, an excellent
result considering the long follow-up period.

Even in the current treat-to-target era there appear
to be different cultures of treating RA. One is based on the
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fear of long-term overtreatment, having drug-free remissions
as goals, even if those remissions turn out to be temporary,
and then retreating the possible flares. The other strategy,
employed also in this trial, tapers down the medications very
conservatively and continues the csDMARD treatment even
in patients in sustained remission if there are no adverse
events. Further, a very strict sustained remission was required
before any tapering of the DMARDs was allowed, making the
feared overtreatment more likely, which would have made its
potential harmful consequences visible in this trial. In spite of
this possibility, there were no unexpected safety issues in all
patients, and the rate of adverse events, especially serious
adverse events, was not striking and was at least compara-
ble to the data published from other long-term studies, mainly
carried out on patients receiving biologic treatment (5,20,21).
Nevertheless, there was a difference in the cancer incidence
after 5 years between the groups. The incidences of lung
cancer and lymphoma are known to be increased among
RA patients, whereas for breast cancer there appears to be
no increase in risk (22). Furthermore, there are several larger
studies without signs of elevated risk of malignancies, even
after or during long-term IFX treatment (23,24). Therefore, the
finding of 5 malignancies in the NEO-RACo IFX group is some-
what unexpected, since the groups had received comparable
treatments, including bDMARDs, after the initial double-blind
randomized phase of IFX versus placebo infusions. Thus, the
malignancies observed in our study population are unlikely to
be related to the initial 6-month IFX treatment. Taken together,
because the clinical outcomes remained very good, one could
conclude that the earliest possible tapering of at least csD-
MARDs need not be a self-evident goal in treatment of RA.

Ample evidence has thus far shown that RA, as we diag-
nose it today, is an active and progressive disease requiring
continuous and very often lifelong treatment. The current con-
cept of a window of opportunity for early treatment allows us
to start the medications before any structural joint damage
has appeared. In a real-world setting, the prolonged combi-
nation csDMARD therapy has proven to be a cost-effective
strategy to maintain remission in many patients (25). Our trial
confirms the long-term efficacy of such a strategy in a well-
defined follow-up.
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Correlation of the Multi-Biomarker Disease Activity Score
With Rheumatoid Arthritis Disease Activity Measures:
A Systematic Review and Meta-Analysis
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Bryant R. England’

Objective. There are conflicting reports on the validity of the multi-biomarker disease activity (MBDA) score for
assessing rheumatoid arthritis (RA) disease activity. Our aim was to perform a systematic review of the MBDA and a
meta-analysis of the correlation between the MBDA and other RA disease activity measures.

Methods. A systematic review was performed by searching Medline, Embase, Scopus, Google Scholar, and
the Cochrane Library from inception to March 7, 2017. Study details, MBDA performance, and study quality were
assessed by independent reviewers. Correlations of the MBDA with composite RA disease activity measures were
pooled using random-effects meta-analyses.

Results. A total of 22 studies were identified in the systematic review, of which 8 (n = 3,242 assays) reported cor-
relations of the MBDA with RA disease activity measures. Pooling results from these 8 studies in the meta-analysis,
the MBDA demonstrated modest correlations with the Disease Activity Score in 28 joints using the C-reactive protein
level (DAS28-CRP; r = 0.41, 95% confidence interval [95% CI] 0.36-0.46) and the Disease Activity Score using the
erythrocyte sedimentation rate (DAS28-ESR; r = 0.48, 95% CI 0.38-0.58), with weaker correlations observed with the
Simplified Disease Activity Index (SDAI; r = 0.35, 95% CI 0.26-0.43), Clinical Disease Activity Index (CDAI; r = 0.26,
95% CI 0.19-0.33), and Routine Assessment of Patient Index Data 3 (RAPID3; r = 0.23, 95% CI 0.19-0.27). Correla-
tions between change in MBDA and change in disease activity measures ranged from r = 0.53 for the DAS28-ESR to
r = 0.26 for the CDAI.

Conclusion. The MBDA demonstrates moderate convergent validity with the DAS28-CRP and the DAS28-ESR
but weaker correlations with the SDAI, CDAI, and RAPID3. While it appears to complement existing RA disease

activity measures, further assessment of the performance characteristics of the MBDA is warranted.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune inflammatory
arthritis characterized by synovitis, progressive damage, func-
tional disability, extraarticular manifestations, and premature mor-
tality (1). The 2015 American College of Rheumatology (ACR)
and 2016 European Union League Against Rheumatism (EULAR)
treatment guidelines recommend early treatment with disease-
modifying antirheumatic drug (DMARD) therapy in a treat-to-target
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strategy to obtain sustained remission or low disease activity (2,3).
This approach has been shown to improve clinical outcomes,
decrease cost, and limit radiographic progression (RP) (4). By defi-
nition, adhering to a treat-to-target strategy for RA management
requires regular assessment of RA disease activity.

Numerous RA disease activity measures have been developed
that include various patient-reported measures, provider assess-
ments, and laboratory measurements of inflammation (5). Following
a critical review of the literature (including psychometric properties,

Library of Medicine, University of Nebraska Medical Center, Omaha; “Kaleb
Michaud, PhD: University of Nebraska Medical Center, Omaha, and FORWARD,
The National Databank for Rheumatic Diseases, Wichita, Kansas.

Dr. O'Dell has received consulting fees from Medac (less than $10,000).
Dr. Mikuls has received consulting fees from Pfizer (less than $10,000) and
research support from Bristol-Myers Squibb, Horizon Pharma, and Ironwood
Pharmaceuticals. Dr. Michaud has received research support from Pfizer. No
other disclosures relevant to this article were reported.

Address correspondence to Bryant R. England, MD, 986270 Nebraska
Medical Center, Omaha, NE 68198. E-mail: Bryant.england@unmc.edu.

Submitted for publication June 1, 2018; accepted in revised form October
9,2018.

1459


https://orcid.org/0000-0002-9649-3588
mailto:Bryant.england@unmc.edu

1460

JOHNSON ETAL

SIGNIFICANCE & INNOVATIONS

« Through a systematic review and meta-analysis,
the multi-biomarker disease activity (MBDA) score
demonstrated moderate convergent validity with
the Disease Activity Score in 28 joints using the
C-reactive protein level and the Disease Activity
Score using the erythrocyte sedimentation rate but
weaker correlations with other rheumatoid arthri-
tis disease activity measures.

Additional performance characteristics of the
MBDA score, such as predicting radiographic
changes, discriminating disease activity states, and
predicting treatment response, are summarized
through a systematic review.

feasibility, and cost), survey of practicing rheumatologists, and
expert opinion, the ACR has recommended the use of the Disease
Activity Score with 28-joint count (DAS28), the Simplified Disease
Activity Index (SDAI), the Clinical Disease Activity Index (CDAI), the
Routine Assessment of Patient Index Data 3 (RAPID3), the Patient
Activity Scale (PAS), or PAS-II (6). All of these measures incorporate
subjective assessments of disease activity by the patient or pro-
vider, which can be influenced by factors other than RA disease
activity, such as noninflammatory pain (7). Laboratory measures
such as erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) level are objective but nonspecific, insensitive, and may only
measure 1 domain of disease activity (8). Given the aforementioned
limitations in RA disease activity assessment, there remains a need
for the development of improved measures of RA disease activity.

The Multi-Biomarker Disease Activity (MBDA) score is a
novel, commercially available blood test developed to assess RA
disease activity (9). The algorithm used to calculate the MBDA
was initially derived to predict simultaneously collected DAS28
using the C-reactive protein level (DAS28-CRP) scores. The algo-
rithm combines 12 individual serum biomarkers involved in the
pathogenesis of RA (interleukin-6, tumor necrosis factor receptor
type |, vascular cell adhesion molecule 1, epidermal growth fac-
tor, vascular endothelial growth factor A, YKL-40, MMP-1 (matrix
metalloproteinase 1), MMP-3, CRP, serum amyloid A, leptin, and
resistin) to produce a disease activity score with values ranging
from 0-100. As an objective measure of disease activity, the
MBDA score may be useful in routine clinical practice or com-
plement clinical disease activity assessment in the challenging
comorbid patient. However, concerns have been raised regarding
the validity of the MBDA in measuring RA disease activity (10,11).

Given the discrepant validity reported for the MBDA, the pur-
pose of our study was to perform a systematic review of the MBDA
score in RA and determine the convergent validity, or degree to
which 2 measures that are measuring the same construct agree,
of the MBDA with ACR-endorsed RA disease activity measures
through a meta-analysis.

MATERIALS AND METHODS

We conducted a systematic review and meta-analysis fol-
lowing the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (12) and registered the protocol with
PROSPERO (ID: CRD42017060181), an international prospective
registry of systematic reviews.

Search strategy. A full description of the systematic lit-
erature review search strategy is available in Supplementary
Appendix 1, available on the Arthritis Care & Research web
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23785/
abstract. Briefly, led by a medical librarian (CMS), we searched
Medline, Embase, Scopus, Google Scholar, and the Cochrane
library from the inception of each database through March 7,
2017 using combinations of terms for the MBDA score and
RA.

Study selection. For this systematic review, we included
all published manuscripts in the English language reporting
original observations relevant to MBDA performance in RA. To
contribute to the meta-analysis, studies were required to report
(or have the necessary data to report) a correlation between
the MBDA and an ACR-endorsed RA disease activity meas-
ure (DAS28, SDAI, CDAI, PAS, PAS-II, or RAPIDS). Although
included in the initial protocol, study heterogeneity in evalu-
ating RP (study population, cut-off values for RP, duration of
study follow-up, modeling of the MBDA score, and statistical
analyses utilized) precluded meaningful meta-analysis of RP.
Two authors (KAR, BRE) separately reviewed titles, abstracts,
and full text to determine eligibility for inclusion. There was per-
fect agreement between reviewers for study inclusion in both
the systematic review and meta-analysis.

Data extraction. Two authors (TMJ, KAR) inde-
pendently extracted study data in duplicate, including patient
characteristics (age, sex, disease activity, and serologic sta-
tus), study characteristics (study design, country of origin,
inclusion/exclusion criteria, sample size, funding source, sam-
ple handling, and duration of follow-up), and study outcomes.
ltems extracted for the meta-analysis included correlation of
the MBDA with composite RA disease activity measures and
correlation of change in the MBDA with change in RA disease
activity measures. Corresponding authors were contacted
to provide missing data or to provide overall correlations for
cohorts that were reported in multiple studies in order to avoid
duplication. In instances where the corresponding authors
could not provide the requested data, we requested data
directly from study sponsors.

Quality assessment. Study quality was independently
assessed by 2 authors (TMJ, KAR) using a 13-item assessment
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tool adapted from tumor biomarker reporting guidelines (13,14).
There was 96.6% agreement in the assessment of study quality
items, with differences settled by third author (BRE) review. Quality
scores were reported as a percentage of quality items fulfilled.

Statistical analysis. We calculated pooled correlation
coefficients with 95% confidence intervals (95% ClI) of the MBDA
with RA disease activity measures by performing a random-
effects meta-analysis using the DerSimonian-Laird model (15).
Studies that assessed MBDA performance in multiple cohorts
or time points (e.g., baseline and follow-up) were modeled sepa-
rately in the meta-analysis. In sensitivity analysis, we transformed
correlation coefficients to Fisher’s Z scores prior to meta-analysis.
Results were consistent with using untransformed correlation
coefficients (data not shown). Stratified analyses were completed
based on study time-point (baseline versus follow-up), with base-
line analyses also restricting each study cohort to 1 contribution
in the meta-analysis. Finally, we performed analyses stratified by
study design (observational versus randomized controlled trial).
Heterogeneity across studies was assessed using I°. Publication
bias was assessed using a funnel plot for correlation with the
DAS28-CRP since this was the most frequently reported disease
activity measure in our analyses. All analyses were performed
using Stata statistical software, version 14.0.

RESULTS

Study selection. Our search strategy identified an initial 718
studies, with 470 remaining after excluding duplicates (Figure 1).
Full-text review of 121 studies was completed with exclusion of
those reported only in abstract form (n = 98) or without original
data (n = 1), resulting in 22 articles included in the systematic
review (9-11,16-34). Eight studies showed correlations with RA
disease activity measures and were included in the meta-analyses
(10,11,16,17,19,22,23,25).

Study characteristics from systematic review.
Study and patient characteristics for all cohorts included in
the systematic review are detailed in Table 1 and Table 2.
Most studies (n = 22) identified were secondary analyses, with
original investigations including both observational studies
and randomized controlled trials. Patients in the systematic
review were predominantly female (60-91%) in their fifth to
sixth decade (mean/median age 51/61 years), seropositive
(61-97% rheumatoid factor [RF]; 55-98% anti—cyclic citrulli-
nated peptide antibody [anti-CCP]), and had moderate to high
disease activity (DAS28 ranged from 3.2-6.0, except for one
study of patients in remission). Patients also included in the
meta-analysis were similar (67-84% female; age 51-61 years;
62-93% RF positive; 57-88% anti-CCP positive; DAS28 3.5—
5.7). Sample sizes from individual studies ranged from 24 to
524 patients, with assessments of 94 to 558 serum samples.

Articles retrieved through initial search
strategy (n = 718)

- Google Scholar: 478

- Embase; 132

- PubMed 42

- Scopus: 39

- Cochrane library: 27

I Duplicates excluded (n = 248)

| Articles screened on title/abstract (n = 470)

E after title and abstract
review (n = 349)

| Full text review for inclusion (n = 121)

Excluded after full text review (n = 99)
- Not a published manuscript: 98
- No original data: 1

| Included in systematic review (n = 22) |

Excluded from meta-analysis (n = 14)
- Did not report correlations of the MBDA
wilh RA disease aclivily measures: 13
- Alternative biomarker assay used: 1

| Articles included in meta-analysis (n = 8) |

Figure 1. Flow diagram of study selection. Search strategy
identified 718 articles with 470 remaining after removing duplicates.
After title and abstract review, 121 full-text manuscripts were
reviewed with 22 fulfiling criteria for inclusion into the systematic
review and 8 further fulfilling criteria for inclusion in meta-analysis.
MBDA = Multi-Biomarker Disease Activity; RA = rheumatoid arthritis.

Crescendo Bioscience was the most frequently noted funding
source and provided funding or support (ranging from MBDA
measurement to full study support) in 18 of 22 studies. Spe-
cific contributions of the study sponsors are listed in Table 1.

Quality assessment. After assessment of 13 quality items,
allstudiesincludedinthe systematic review fulfilled >75% of quality
items (range 77-100%) (Table 1). Complete details of study qual-
ity assessment are provided in Supplementary Table 1, available
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23785/abstract. The most common
quality items missing were descriptions of sample handling (i.e.,
collection, preservation, and storage; n = 7), descriptions of con-
founding variables considered (n = 10), and assessments of bio-
marker performance in both univariate and multivariate analyses
(n=10).

Outcomes of studies identified in systematic
review. Of the 22 studies, 8 demonstrated MBDA correlations
with a composite RA disease activity measure as a primary or
secondary outcome with 6 identifying significant positive cor-
relations (Table 3) (16,17,19,22,23,25). The strength of corre-
lations of MBDA score with RA disease activity measures are
detailed in the meta-analysis section. The MBDA discriminated
between low and moderate-high disease activity categories
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Table 1. Characteristics of studies reporting on the Multi-Biomarker Disease Activity (MBDA) score in rheumatoid arthritis*
Study: author, Study Sample handling; Study sponsor Quality
year Country design sample assay Funding source contributions scoret
Systematic review/
meta analysis
Bakker, 2012 Netherlands POS Standard separator Crescendo Bioscience Conception and 100
tubes, frozen after design, data
collection, stored at collection, analysis
—-20° C until analysis; manuscript
Meso Scale Discovery, preparation
ELISA
Curtis, 2012 Multiple POS Serum separator tubes, Crescendo Bioscience; Conception and 100
processed at study Biogen Idec; design, data
site, shipped overnight NIH;  Agency for collection, analysis,
using NanoCool Healthcare Research manuscript
shippers (2-8° C); and Quality preparation
Meso Scale Discovery
Hirata, 2013 Netherlands RCT Serum separated, Crescendo Bioscience Study support 77
dispensed, and stored
at-70°C; Meso
Scale Discovery
Hambardzumyan, — Sweden RCT Not reported; Meso Crescendo Bioscience; MBDA score analysis 92
2015 Scale Discovery Swedish Rheumatism at no cost
Association;
Stockholm County
(ALF funds); Schering-
Plough Sweden
Hirata, 2015 Japan ROS Samples stored at -40° Crescendo Bioscience; Shipment of samples 85
C after collection and Ministry of and MBDA analysis
-70°  Cafter Health, Labor, and at no cost
transport to site of Welfare of Japan;
analysis; Meso Scale Ministry of Education,
Discovery Culture, Sports,
Science, and
Technology of Japan;
University of
Occupational and
Environmental Health
Fleischmann, Multiple RCT Not reported Bristol-Myers Squibb Study design, 77
2016 manuscript review
Reiss, 2016 Multiple RCT Not reported; used Genentech; F. Study design, data 77
reported Vectra DA Hoffmann-La Roche collection and
algorithm analysis, manu-
script preparation
Krabbe, 2017 Denmark POS Samples stored at -80° Not reported Not reported 85
C; same reagents and
immunoassay
instruments as Vectra
DA test
Systematic review
only
Eastman, 2012 UsS, Canada POS Aliguoted into single-use  Crescendo Bioscience Conducted study 100
vials, stored at =80° C
until thawed for assay;
Meso Scale Discovery
Centola, 2013 Us, UK POS, Serum separator tubes Crescendo Bioscience; Conception and 100
RCT maintained at 2-8° C Biogen Idec design, data
until frozen at -80° C, collection, analysis
BRASS cohort shipped manuscript
samples at ambient preparation
temperature prior to
serum separation;
Luminex-based
assays, Meso Scale
Discovery, ELISA
Li, 2013 us POS Not applicable Crescendo Bioscience Conducted study 85

(Continued)
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Table 1. (Cont’d)
Study: author, Study Sample handling; Study sponsor Quality
year Country design sample assay Funding source contributions scoret
Peabody, 2013 Germany RCT Not applicable Crescendo Bioscience Study design, 91
manuscript
preparation
van der Helm-van ~ Netherlands POS Not reported; same Netherlands Conception and 77
Mil, 2013 reagents and Organization for design, data
immunoassay as Health Research and collection, analysis,
Vectra DA Development; Dutch manuscript
Arthritis Association; preparation
Crescendo Bioscience
Markusse, 2014 Netherlands RCT Samples stored at —=70° Dutch insurance Study support 100
C; Meso Scale companies; Schering
Discovery Plough B.V,; Janssen
B.V.
Michaud, 2015 us ROS Not applicable Crescendo Bioscience Study support 100
van Vollenhoven, Sweden RCT De-identified, frozen Crescendo Bioscience; Editorial, graphic, and 77
2015 serum samples; not Schering-Plough statistical support;
reported Sweden data analysis,
manuscript
preparation
Hambardzumyan,  Sweden RCT Not reported; Meso Crescendo Bioscience; MBDA score analysis 85
2016 Scale Discovery Swedish Rheumatism atno cost
Association;
Stockholm County
(ALF funds); Schering-
Plough Sweden
Hirata, 2016 Japan POS Samples stored at -40° Crescendo Bioscience; Biomarker analysis 92
C until transfer to Research Grant-In Aid and statistical
Crescendo Bioscience, for Scientific support
then stored at =70° G Research by the
Meso Scale Discovery Ministry of Health,
Labor and Welfare of
Japan; Ministry of
Education, Culture,
Sports, Science and
Technology of Japan;
University of
Occupational and
Environmental
Health, Japan.
Lee, 2016 us POS De-identified, frozen, Crescendo Bioscience Generation of 100
serum samples; Meso biomarker data,
Scale Discovery statistical analysis,
manuscript
formatting
Li, 2016 Netherlands POS De-identified, frozen, Crescendo Bioscience Funded sample 100
serum samples; Meso handling, genera-
Scale Discovery tion of biomarker
data and statistical
analysis
Rech, 2016 Germany RCT Serum stored at -80° G; Multiplet MBDA score analysis 100
Meso Scale Discovery at no cost
Hambardzumyan,  Sweden ROS Not reported; Meso Crescendo Bioscience; MBDA score analysis 77
2017 Scale Discovery Swedish Rheumatism atno cost

Association;
Stockholm County
(ALF funds); Schering-
Plough Sweden

* POS = prospective observational study; ELISA = enzyme-linked immunosorbent assay; RCT = randomized controlled trial; ROS = retrospective
observational study; DA = disease activity; BRASS = Brigham and Women’s Rheumatoid Arthritis Sequential Study.
T Quality score = percentage of 13 quality items reported.
¥ Supported by Crescendo Bioscience, the Deutsche Forschungsgemeinschaft (SPP1468-IMMUNOBONE), the Bundesministerium fur Bildung
und Forschung (BMBF; project METARTHROS), the Marie Curie project OSTEOIMMUNE, the TEAM and MASTERSWITCH projects of the European
Union and the Innovative Medicines Initiative funded project BTCure.
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Table 2. Baseline characteristics of patients in studies reporting on the Multi-Biomarker Disease Activity score in rheumatoid arthritis*

Patients/samples:

Study baseline (total), Age, RF/anti-
Study: author, year Country design no.t yearst Female, %  DAS28-CRPt CCP+ (%)
Systematic review/
meta-analysis
Bakker, 2012 Netherlands POS 72172 (74/120) 53 +15 70 56+1.08 68/-
Curtis, 2012 Multiple POS
Seropositive validation 230/~ 58 (48-66) 77 471 (2.3-5.8) 93/88
Seronegative validation 141/- 57 (46-65) 82 3.7(2.4-4.9) 0
Seronegative perfor- 141/- 58 (49-65) 79 3.5(2.4-4.7) 0
mance
Treatment response 45/45 (45/144) 54 (39-64) 84 5.5(4.9-6.4) 73/-
Hirata, 2013 Netherlands RCT 91/91 (125/179) 53+ 14 74 55+09 62/57
Hambardzumyan, 2015 Sweden RCT 235/235 - 72 54+10 65/57
Hirata, 2015 Japan ROS 147/147 (147/378) 60 (50-68) 84 5.0(4.3-5.7) 86/~
Fleischmann, 2016 Multiple RCT 496/496 (524/-) Ref. Ref. 55(-) Ref.
Reiss, 2016 Multiple RCT 48/48 (78/107) 51+14 82 57+09
Krabbe, 2017 Denmark POS 50/50 (50/284) 61 (50-70) 67 49 (4.2-5.6)8
Systematic review only
Eastman, 2012 US, Canada POS 512/- 60 76 3.2(11-8.2) 76/~
(20-91)9
Centola, 2013 Us, UK POS, RCT
Study | 128/128 60 +13 82 5.8 (4.7-6.5) 83/63
Study Il 320/320 59+ 14 80 4.0(2.9-5.3) 83/62
Study Il 85/255 59+13 91 3.8(2.7-5.0) 64/62
Study IV 119/119 60+ 14 77 5.2 (41-6.2) 97/61
Pilot Imaging Study 24/107 56 + 13 75 3.3(2.2-4.4)
Li, 2013 us POS 101/101 62+ 13 82 - 63/45
Peabody, 2013 Germany RCT - - -
van der Helm-van Mil, Netherlands POS 163/271 55+ 14 67 - 65/66
2013
Markusse, 2014 Netherlands RCT 91/91 (125/180) 53+ 14 75 58+1.0 62/56
Michaud, 2015 us ROS Ref. Ref. Ref. Ref. Ref.
van Vollenhoven, 2015 Sweden RCT 347/347 (347/474) - - -

MTX-naive cohort 220/220 (220/220) Ref. Ref. 5.7 (-)8 Ref.
MTX-IR cohort 127/127 (127/254) Ref. Ref. 49 (-)§ Ref.
Hambardzumyan, 2016 Sweden RCT 220/220 (220/558) - 71 5.7 +1.0) 65/57
Hirata, 2016 Japan POS 83/83 (83/249) 59+ 14 84 57+12 87/-
Lee, 2016 us POS 198/198 58 + 11 85 - 63/62
Li, 2016 Netherlands POS 163/271 55+ 14 67 3.3(2.3-4.3) 66/67
Rech, 2016 Germany RCT 94/94 55+ 19 60 19+0.88 61/56
Hambardzumyan, 2017 Sweden ROS 157/157 - 80 6.0 + 1.08 62/55

* If left blank, the study did not report the item. DAS28-CRP = Disease Activity Score using 28 joints with C-reactive protein level; RF = rheumatoid
factor; anti-CCP = anti-cyclic citrullinated peptide antibody; POS = prospective observational study; RCT = randomized controlled trial; ROS = ret-
rospective observational study; Ref. = authors listing refers to original study; MTX-IR = methotrexate incomplete response.

1t If single set of data is provided, only total patients/samples were available for report.

¥ Mean/median £ SD or (interquartile range).
§ DAS28 without modifier is reported.
9 Full age range reported.

based on the DAS28-CRP (area under the receiver operating
characteristic curve [AUROC] 0.70-0.86) (16,17) and ACR/
EULAR remission (AUROC 0.83) (22). There were conflicting
results specific to the validity of the MBDA following DMARD
initiation. The MBDA did not correlate with the DAS28-CRP,
CDAI, SDAI, or RAPID3 over 2 years of follow-up in patients
with active RA treated with adalimumab or abatacept in a ran-
domized controlled trial (10). Correlations of the MBDA with
the DAS28-CRP decreased over 24 weeks of treatment with
tocilizumab (r = 0.50 at baseline, r = 0.19-0.33 between weeks
4-24), as did agreement in disease activity categories (77.1%

at baseline, 23.7% at week 24) (11). In contrast, a change in
the MBDA correlated with a change in the DAS28-CRP or the
DAS28-ESR after initiation of tumor necrosis factor inhibitors
in a Japanese cohort (22).

In contrast with other composite ACR-recommended RA
disease activity measures, MBDA scores were not influenced
by comorbid fibromyalgia in 1 study (26). Additional comorbid-
ities including hypertension, osteoarthritis, degenerative joint
disease, osteoporotic bone fractures, diabetes mellitus, and
asthma also did not affect MBDA performance (9). Exclusion
of CRP level, a common component between the MBDA score
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Table 3. Results of published literature on the Multi-Biomarker Disease Activity (MBDA) score in rheumatoid arthritis*

Study: author, year Primary aim

Secondary aim

Results summary

Systematic review/
meta-analysis
Bakker, 2012 Correlation with disease

activity measures

Curtis, 2012 Establish criterion and
discriminant validity
Hirata, 2013 Correlation with disease
activity measures
Hambardzumyan, Ability of baseline MBDA to
2015 predict radiographic
progression (ASHS >5)
Hirata, 2015 Correlation with change in

disease activity measures

Correlation with disease
activity measures

Effect of TCZ on correlation
of MBDA with disease
activity

Fleischmann, 2016

Reiss, 2016

Krabbe, 2017 Correlation with imaging

measures of inflammation

Systematic review
only
Eastman, 2012 Analytical performance of
MBDA multiplex assay

Centola, 2013 Development of MBDA score

Contribution of non-CRP
biomarkers, MBDA
response to treatment,
ability to predict RP

Contribution of non CRP
MBDA biomarkers;
characterize perfor-
mance in seropositive
VS. seronegative
patients

Ability to discriminate
EULAR disease activity
categories

Comparison between
anti-TNF therapies

Correlation with radio-
graphic progression
Effect of TCZ on individual
biomarkers in MBDA

Correlation with
DAS28-CRP

Impact of comorbidities on

MBDA

MBDA correlated with DAS28-CRP and discriminated
between remission/low and mod./high DAS28-CRP
disease activity categories (AUROC 0.86); non-CRP
biomarkers independently associated with SJC28,
T)C28, and VAS-GH; MBDA decreased with 6
months treatment (53[18] to 39[16]), more
significantly in intensive treatment arm; MBDA did
not predict radiographic progression

MBDA correlated with DAS28-CRP, CDAI, SDAI, and
RAPID3, and discriminated low vs. mod./high
DAS28-CRP (AUROC 0.70-0.77 across cohorts
studied); AMBDA correlated with ADAS28 CRP, ACR
response criteria and discriminated clinical
response (DAS28-CRP AUROC 0.77; ACR50 AUROC
0.69); MBDA better correlated with disease activity
measures in seropositive (vs. seronegative)
patients; SDAI (r = 0.55vs. 0.29), CDAI (r = 0.48 vs.
0.21), RAPID3 (r = 0.47 vs. 0.26); non-CRP MBDA
biomarkers predicted DAS28-CRP

MBDA significantly correlated with DAS28-ESR, SDAI,
CDAI, and HAQ DI; MBDA correlated with ADAS28-
ESR and SDAI (not CDAI) over 1-year follow-up;
remission by MBDA associated with ACR/EULAR
(AUROC 0.83), DAS28-ESR, CDAI, and SDAI
remission criteria

Baseline MBDA higher (P <0.001) in patients with RP;
MBDA independent predictor of RP as continuous
(OR 1.05 [95% CI 1.02-1.08]) or categorical variable
(OR 3.86 [95% CI 1.04-14.26] for high vs. low/mod.
MBDA)

AMBDA correlated with ADAS28-ESR and ADAS28-
CRP, but not ACDAI or ASDAI; no difference in
correlations between anti-TNF therapies

Not associated with DAS28-CRP, CDAI, SDAI, RAPID3,
or radiographic progression over 2-year follow-up

Correlation of MBDA with DAS28-CRP decreased
(Spearman’s P =0.50 at baseline to P =0.19-0.33)
between weeks 4 and 24, and agreement between
low/mod./high MBDA and DAS28-CRP categories
decreased (77.1% to 23.7%) with 24 weeks of TCZ
treatment; individual analyte changes following TCZ
treatmentincluded an increase in IL-6 and a
decrease in CRP and serum amyloid A

MBDA did not correlate with imaging inflammation at
baseline or week 52, and in general did not predict
change in imaging inflammation; correlated
modestly with MRI synovitis (r = 0.43), MRl bone
marrow edema (r = 0.36), and US power Doppler
score (r = 0.35) at week 26; MRI/US were concordant
with MBDA in detecting disease activity for patients
in DAS28-CRP remission; MBDA correlated with
DAS28-CRP at baseline and week 26; AMBDA
correlated with ADAS28-CRP from baseline to 26
weeks, but not baseline to 52 weeks

MBDA biomarker assays were precise, with minimal
interference or cross-reactivity

MBDA algorithm developed through biomarker
screening, feasibility studies, and assay optimiza-
tion; comorbidities assessed (hypertension,
osteoarthritis, osteoporotic bone fractures,
degenerative joint disease, diabetes mellitus,
asthma) were not associated with the MBDA

(Continued)
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Table 3. (Cont’d)

Study: author, year

Primary aim

Secondary aim

Results summary

Li, 2013

Peabody, 2013

van der Helm-van
Mil, 2013

Markusse, 2014

Michaud, 2015

van Vollenhoven,
2015

Hambardzumyan,
2016

Hirata, 2016

Lee, 2016

Li, 2016

Rech, 2016

Hambardzumyan,
2017

Effect on provider treatment
choices

Impact on quality scores
using clinical performance
and value vignettes

Frequency of radiographic
progression (ASHS >3) in
MBDA remission

Ability to predict radio-
graphic progression
(ASHS >5)

Outcomes and cost when
used in RA management

Impact on recruitment to
clinical trials based on
data from SWEFOT trial

Ability of MBDA at multiple
time points to predict
radiographic progression
(ASHS >5)

Correlation with radio-
graphic progression

Correlation with disease
activity measures

Correlation with radio-
graphic progression

Ability to predict disease
relapse in patients
tapering DMARDs

Predicting response to triple
therapy (TT) vs. anti-TNF

Effect on overall drug use,
correlation with PrGA

Appropriate use of
DMARDs, number of
labs or imaging tests
ordered, use of other
resources

Detection of subclinical
disease activity

Ability of MBDA to predict
RP in triple therapy (TT)
vs. anti-TNF treated
patients

Utility in RA patients with
fibromyalgia (FM)

Treatment plans changed in 38% of patients with
MBDA; no effect on overall drug use; modest
correlation with PrGA (r = 0.35)

Quality scores improved 12% with MBDA; appropriate
use of DMARDS improved with comorbid patients;
no effect on number of labs or imaging tests
ordered, or use of health care resources

Greater rate of nonprogression in MBDA remission vs.
nonremission (93% vs. 70%). +LR of nonprogression
in MBDA remission 4.73 (95% Cl 1.67-15.0); high
MBDA score in DAS28-CRP remission increased risk
of radiographic progression (RR 2.28 [95% Cl 1.13
3.68])

MBDA at baseline discriminates radiographic
progressors vs. nonprogressors better than DAS
(AUROC 0.767 [95% Cl 0.639 0.896]) and predicts
RP based on MBDA at baseline (RR 1.039 [95% Cl
1.018-1.059]) and 1 year (RR 1.037 [95% ClI
1.009-1.065]) associated with increased RP

Decreased HAQ scores (0.09 in 1 year, 0.02 over 10
years), increase quality-adjusted life years 0.08 and
decreased overall cost US $457

High MBDA (>44) enhanced recruitment in low CRP
(<10) patients; additional 24% MTX-naive patients
and 47% MTX-incomplete responders included

Persistently low/mod. MBDA was predictive of less
RP; MBDA was numerically (but not statistically)
superior to CRP, ESR, and DAS28 for identifying RP;
patients with high MBDA scores on TT had
increased risk of RP compared to anti-TNF therapy
(45% vs. 25% at baseline and 57% vs. 32% at
month 3)

MBDA correlated with ASHS (r = 0.47 at week 24;
AUROC 0.44 over 52 weeks). High MBDA increased
risk of ASHS >3 (RR 14.3 [95% Cl 2.5-85.5]) at week
24 compared to low MBDA; in patients with low or
mod./high DAS28, MBDA further discriminated risk
of radiographic progression

MBDA correlated with CRP in RA patients with (r =
0.89) or without (r = 0.73) concomitant FM;
composite indices (DAS28-CRP, SDAI, CDAI, RAPID3)
all greater in patients with concomitant FM, though
no difference in MBDA between these groups

High MBDA increased risk of ASHS >3 (RR 3.4 if MBDA
45-57; 4.3 if MBDA 52-59; 5.2 if MBDA >60) and
ASHS >5 (RR 12.4, 12.0, and 17.4) compared with low
MBDA; MBDA independent risk factor for radio-
graphic progression after adjustment for SJC28,
DAS28-CRP, CRP, and pre-existing joint damage

Baseline MBDA scores significantly (P = 0.0001) higher
in patients with subsequent relapse; MBDA and
anti-CCP independent predictors of disease
relapse; able to predict >80% of relapses using
anti-CCP plus MBDA

More patients with low MBDA responded to TT vs.
anti-TNF (88% vs. 18%); more patients with high
MBDA responded to anti-TNF (35% vs. 58%)

* CRP = C-reactive protein; RP = radiographic progression; DAS28 = Disease Activity Score using 28 joints; AUROC = area under the receiver oper-
ating characteristic curve; SJC28 = swollen 28-joint count; TJC28 = tender 28-joint count; VAS-GH = visual analog scale of patients’ assessment of
general health; CDAI = Clinical Disease Activity Index; SDAI = Simple Disease Activity Index; RAPID3 = Routine Assessment of Patient Index Data 3;
ACR50 = American College of Rheumatology response criteria 50% improvement; EULAR = European League Against Rheumatism; ESR = eryth-
rocyte sedimentation rate; HAQ DI = Health Assessment Questionnaire disability index; SHS = Sharp/van der Heijde score; RP = radiographic pro-
gression; OR = odds ratio; 95% Cl = 95% confidence interval; anti-TNF = anti-tumor necrosis factor; TCZ = tocilizumab; IL-6 = interleukin-6; MRI =
magnetic resonance imaging; US = ultrasound; PrGA = provider global assessment of disease activity; DMARD = disease-modifying antirheumatic
drug; +LR = positive likelihood ratio; RR = relative risk; RA = rheumatoid arthritis; SWEFOT = Swedish Pharmacotherapy trial; MTX = methotrexate;
anti-CCP = anti-cyclic citrullinated peptide antibody.
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and the DAS28-CRP and SDAI, did not attenuate MBDA score
performance in 2 independent studies (16,17).

Nine studies investigated the ability of the MBDA to pre-
dict RP (Table 3). In secondary analyses of both observational
studies and randomized controlled trials, the MBDA predicted
RP in 6 studies (19,20,24,28,29,33). Sharp/van der Heijde
score (SHS) cut-offs, analytic methods, and resulting effect

A Study (Cohort, time point) DAS28-CRP r{95% Cl)
Bakker 2012 (CAMERA, bassline) I e 0.72 (0.54-0.80)
Curtis 2012 (InFoRM, basaline) . 0.36 (0.27-0.46)
Curtis 2012 (BRASS, baseline) ~ 0.47 (0.29-0.65)
Curtis 2012 (BRASS, follow-up®) —— 0.38 (0.16-0.60)
Curtis 2012 (Nested-1, = 0.49 (0.11-0.87)
Curtis 2012 (Nested-1, follow-up®) Lo m . 061022100
Fleischmann 2016 (AMPLE, baseline) . 0.45 (0.36-0,54)
Fleischmann 2016 (AMPLE, month 3) — 0.32 (0.21-042)
Flaischmann 2016 (AMPLE, year 1) . 0,34 (0.24-0.44)
Fleischmann 2016 (AMPLE, year 2) ! .l. 0.34 (0.22:0.48)
Hambardzumyan 2015 (SWEFOT, baseline) B 0.41(0.30-0.53)
Hambardzumyan 2015 (SWEFOT, month 3) = 0,39 (0.28-051)
Hambardzumyan 2015 (SWEFOT, manth 6) - 0.42 (0.27-0.56)
Krabbe 2017 (baseline) ! —- 0.65 (0.37-0.83)
Krabbe 2017 (week 26) = 0.34 (0.00-0.68)
Reiss 2016 (ACT-RAY, baseline) —— 0.50 (0.21-0.79)
Reiss 2016 (ACT-RAY, wook 24) —— 0.26 (0.00-0.52)
Pooled Correlation Coefficient ! ’ ﬂalg:(ﬂs.:ss-:'.kﬁl
-25 L] -3 5 ™ 1
Corralation coafficient
C  study (Cohort, time point) CDAI (95% CI)
Curtis 2012 (BRASS, bassline) 1| —=— 0.34(0.16-052)
Curtis 2012 (BRASS, follow-up") ] 0.26 (0.04-0.48)
Curtis 2012 (Nested-1, baseline) p—J:—.—| 0.47 (0.21.0.55)
Curtis 2012 (Nosted-1, follow-up"} i —a— 048 (0.11-0.85)
Flaischmann 2016 (AMPLE. basatina) i ] 0.19.(0.10-027)
]

Flaischmann 2016 (AMPLE, month 3} ’:l-.-I 0.14 (0.03-0.24)
Fleischmann 2016 (AMPLE, year 1) 1||-.-| 0,43 (0,03-0.23)
Flsischmann 2018 (AMPLE, year 2) il 0.17(0.05.029)

Hambardzumyan 2015 (SWEFOT, baseline) 1: B 021(0.08032)

Hambardzumyan 2015 (SWEFOT, month 3) E — 0.34 (0.22-046)

Hambardzumyan 2015 (SWEFOT, month 6} s = 033 (0.18-047)
I

Hirata 2013 (BeSt, baselin) ‘I = = 0.56 (0.41-0.71)

Reiss 2016 (ACT-RAY, bassling) |—|l—-—|l 0.19 (-0.10-0.48)

Poolsd Correlation Coefficient & e

sizes were highly variable. Relative to patients with low disease
activity, patients with high disease activity by MBDA score had
a relative risk of RP range of 1.04-14.30 and an odds of RP
range of 1.03-3.86. RA patients in MBDA remission were
less likely to demonstrate RP, with a positive likelihood ratio
for non-progression (change SHS <3) of 4.73 (33). The MBDA
more effectively discriminated radiographic progressors from

B Study (Cohort, time point) SDAI r(95% CI)
Curtis 2012 (BRASS, baseline) I |—.—| 0.39 (0.21-0.57)
I
I
Curtis 2012 (BRASS, follow-up") | — 0.31(0.08-0.53)
I
Curtis 2012 (Nastad-1, baseli I : = " 0.29 (-0.09-0.67]
I
Curtis 2012 (Nested-1, follow-up®) | —————  052(0.13-052)
I
F 2016 (AMPLE, . ] 028/(0.19.037)
I
Fleischmann 2016 (AMPLE, month 3) I 0.20 (0.10-0.31)
| il
I
Fleischmann 2016 (AMPLE, year 1) i |.-| 0.19(0.09-0.29)
I
Fleischmann 2016 (AMPLE, year 2) : |.-_| 0.22 (0.09-0.34)
I
Hambardzumyan 2015 (SWEFOT, basaline) : HEH 0.40 (0.28-0.51)
I
Hambardzumyan 2015 (SWEFOT, month 3) I |-.-| 0.42 (0.30-0.53)
I
Hambardzumyan 2015 (SWEFOT, month 6) : ] 0.40 (0.26-0.55)
I
Hirata 2013 (BeSt, baseline) I ;—.—| 0.67 (0.52-0.82)
I
I
Pooled Correlation Coefficient I . 0-15 Il;iss':fl
-
T I T T L T
.35 0 25 5 75
Correlation coeflicient
D  study (Cohort. time point RAPID3 r{85% ci)
Curtis 2012 (BRASS. baseling) —— 0.10(-0.08-0.28)
Curtis 2012 (BRASS, folow-up") —— 0.22{0.00-0.44)
Flesschmann 2016 (AMPLE, baseline) ; I‘l 0.25(0.18-0.34)
Fleischmann 2016 (AMPLE, monh 3) s 0.25(0.15-0.36)
1
Fleischmann 2016 (AMPLE, year 1) .-.-| 0.21(0.11-0,31)
Fieischmann 2016 (AMPLE, year2) e = 0.20(0.08-0,32)
Hambardzumyan 2015 (SWEFOT, baseline) i B 0.25{0.13-0.36)
Hambardzumyan 2015 (SWEFOT, month 3) ! + 0.26(0.15-0.38)
Hambardzumyan 2015 {SWEFOT, month ) ' —_ 0.24(0.08-0.38)
[ . 0.23(0.48-0.2T)
Pooled Comelation Coefficient i =00.00%
T II T T T
25 0 ] 5 s 1
Comelation coefficient

Figure 2. Correlation of the multi-biomarker disease activity score with rheumatoid arthritis disease activity measures. Forest plots demonstrating
the correlation of the multi-biomarker disease activity score with RA disease activity measures including A, Disease Activity Score using 28 joints
and the C-reactive protein level (DAS28-CRP); B, Simple Disease Activity Index (SDAI); C, Clinical Disease Activity Index (CDAI); and D, Routine
Assessment of Patient Index Data 3 (RAPIDG). Studies assessing correlation at multiple time points are modeled separately for meta-analysis.
* Patients with initial follow-up at 6 weeks and again at 12 weeks if adequate treatment response not obtained in the BRASS (Brigham and
Women'’s Rheumatoid Arthritis Sequential Study) and Nested-1 cohorts (17). CAMERA = Computer Assisted Management in Early Rheumatoid
Arthritis study; INnFORM = Index for Rheumatoid Arthritis Measurement; AMPLE = Abatacept Versus Adalimumab Comparison in Biologic-Naive
RA Subjects With Background Methotrexate; SWEFOT = Swedish Pharmacotherapy trial; ACT-RAY = Study of Tocilizumab and MTX Treatment
Strategies in Patients With Active RA With Inadequate Response to Prior MTX Treatment; BeSt = Treatment Strategies for Rheumatoid Arthritis.
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non-progressors than the 44-joint DAS (AUROC 0.767 versus
0.521) (29) as well as CRP and ESR (20). Additionally, among
those in low or moderate/high disease activity as determined
by the DAS28, MBDA scores further discriminated risk of RP
(24). In contrast, 2 studies demonstrated less capability of the
MBDA score to predict RP (10,16). In an observational study of
RA patients treated with methotrexate (MTX), the MBDA was
not predictive of RP (odds ratio 1.033, 95% Cl 0.995-1.072)
(16). Likewise, in a randomized controlled trial comparing
abatacept and adalimumab in MTX-inadequate responders,
MBDA categories were not associated with radiographic
non-progression (10). Finally, the MBDA did not demonstrate
consistent correlation with novel imaging measures of inflam-
mation such as magnetic resonance imaging—based synovitis/
bone marrow edema or power Doppler ultrasound score (25).

Initial studies of the MBDA on quality of care in RA have
yielded favorable results. A decision analysis projecting cost-
effectiveness estimated an overall decrease in Health Assess-
ment Questionnaire scores, increase in quality-adjusted life
years, and decreased net total cost (savings in labor force par-
ticipation and work productivity offsetting an increase in direct
medical costs) accompanying use of the MBDA score (30).
These effects were largely driven by the effect of the MBDA on
provider treatment choices, based on data from a previous study
that showed that treatment plans changed in 38% of patients
when an MBDA score was provided (27). Overall quality scores
improved on clinical performance and value vignettes in provid-
ers receiving MBDA scores (31).

An emerging area of research poses the question whether
the MBDA predicts treatment response. Among RA patients with
an inadequate response to MTX in the Swedish Pharmacother-
apy trial (SWEFQOT), more patients with low MBDA responded
to triple therapy (MTX, hydroxychloroquine, and sulfasalazine)
than the addition of infliximab (88% versus 18%; P = 0.006),
defined as achieving a DAS28 <3.2 or a EULAR good response.
Patients with high MBDA scores responded more frequently to
the addition of infliximab rather than triple therapy (568% versus
35%; P = 0.040) (21). In a separate analysis from the SWEFOT
trial, patients with high MBDA scores receiving triple therapy were
more likely to have RP after 2 years of follow-up than patients
receiving MTX and infliximab (20). Additional outcomes reported
on the MBDA included its potential to increase recruitment to
clinical trials (i.e., identifying patients with low CRP who would
otherwise be excluded) (34), as well as its ability to predict dis-
ease relapse (32).

Meta-analysis. Correlations of the MBDA with compos-
ite RA disease activity measures were available from 8 studies
(Figure 2 and Supplementary Table 2, available on the Arthritis Care
& Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23785/abstract). Using a random-effects meta-analysis with
3,242 samples from 6 studies (8 cohorts and 17 time points), the

MBDA score was moderately correlated with the DAS28-CRP (r
= 0.41, 95% CIl 0.36-0.46) with low-to-moderate heterogeneity
(* = 39.59%, P = 0.07). Performance was stronger at baseline
(r = 0.48, 95% Cl 0.39-0.56) compared to follow-up time points
(r = 0.36, 95% CI 0.31-0.40). Performance was also numerically
superior in observational studies (r = 0.49, 95% CI 0.38-0.61)
compared to randomized controlled trials (r = 0.38, 95% CI 0.34—
0.42), but there was substantially greater heterogeneity detected
in observational studies (I = 54.7%, P = 0.03) than randomized
controlled trials (I = 0.0%, P = 0.57). The MBDA score performed
similarly in its correlation with the DAS28-ESR (r = 0.48, 95% ClI
0.38-0.58), although this was reported in fewer studies (3 studies
with 3 cohorts, 5 different time points, n = 1,367) and with greater
heterogeneity (° = 67.81%, P = 0.01). In 4 studies (5 cohorts, 12
time points, n = 2,664), the MBDA score demonstrated a low-to-
moderate correlation with the SDAI (r = 0.35, 95% CI 0.26-0.43)
with high heterogeneity (I = 74.58%, P < 0.001). Correlation with
the CDAIl was less robust (r = 0.26, 95% CI 0.19-0.33), with mod-
erate heterogeneity (I = 66.91%, P < 0.001) among the 5 contrib-
uting studies (6 cohorts, 13 time points, n = 2,719). The MBDA
score was weakly correlated with the RAPID3 (r = 0.23, 95% Cl
0.19-0.27) in 2 studies (3 cohorts, 9 time points, n = 2,416) with
very low study heterogeneity (I = 0.00%, P = 0.92).

Correlation of MBDA change with change in RA disease
activity was also determined with random-effects meta-analysis
(Figure 3). Correlations of MBDA change with change in the
DAS28-CRP were reported in 5 studies (6 cohorts, n = 1,857),
with a moderate correlation observed (r = 0.42, 95% CI 0.37-
0.48). Change in MBDA score also moderately correlated with
change in the DAS28-ESR (r = 0.53, 95% Cl 0.46-0.60) in 3 stud-
ies (3 cohorts and 5 time points, n = 825). Weaker correlations
were seen with change in the SDAI (r = 0.33, 95% CI 0.26-0.40)
in 4 studies (5 cohorts, 9 time points, n = 1,710), the CDAI (r =
0.26, 95% CI 0.20-0.33) in 4 studies (5 cohorts, 9 time points, n =
1,718), and the RAPID3 (r = 0.31, 95% CI 0.25-0.38) in 3 studies
(3 cohorts, 7 time points, n = 1,617). Heterogeneity observed for
comparisons of change in MBDA score with change in RA disease
activity was low-to-moderate (I = 0.00-43.44%, P = 0.08-0.77).

Publication bias was assessed by funnel plot analysis with
the DAS28-CRP, the most frequently reported RA disease activ-
ity measure (see Supplementary Figure 1, available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23785/abstract). Study distribution was largely
symmetric, which suggests that there was no substantial publica-
tion bias among studies included in the meta-analysis.

DISCUSSION

The MBDA score, a composite score of 12 serum biomark-
ers that was initially derived to predict the DAS28-CRP, provides
an objective measure of RA disease activity by eliminating subjec-
tive assessments from the patient or provider, a potentially useful
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Figure 3. Correlation of the change in multi-biomarker disease activity score with change in rheumatoid arthritis disease activity measures
over time. Forest plots demonstrating correlation of the change in multi-biomarker disease activity score with change in RA disease activity
measures including A, Disease Activity Score using 28 joints and the C-reactive protein level (DAS28-CRP); B, Simple Disease Activity Index
(SDAI); C, Clinical Disease Activity Index (CDAI); D, Routine Assessment of Patient Index Data 3 (RAPID3). Studies assessing correlation at
multiple follow-up points are modeled separately for meta-analysis. * Patients followed up initially at 6 weeks and again at 12 weeks if adequate
treatment response not obtained in the Brigham and Women’s Rheumatoid Arthritis Sequential Study and Nested-1 cohorts (17). UHOEH =
University Hospital of Occupational and Environmental Health; HURRAH = Humira in Rheumatoid Arthritis. See Figure 2 for other definitions.

tool when caring for RA patients. However, there is conflicting data
regarding its convergent validity with other RA disease activity
measures. In this study, we report the first systematic review to
assess the performance of the MBDA score in RA across multiple
outcomes and the first meta-analysis of the convergent validity
with ACR-endorsed RA disease activity measures.

The DAS28 using either ESR or CRP level is often con-
sidered the gold standard in RA disease activity measure and
is frequently used for disease activity measurement in clini-
cal trials. Using a random-effects meta-analysis including
3,242 MBDA measurements, we found moderate correlations
between the MBDA score with both the DAS28-CRP (r = 0.41)
and DAS28-ESR (r = 0.48). These were the strongest correla-
tions observed between the MBDA and composite RA disease
activity measures, perhaps anticipated given that the MBDA

score was derived to predict the DAS28-CRP (9). The SDAI,
another ACR-endorsed RA disease activity measure that
includes patient, physician, and acute-phase reactant com-
ponents, demonstrated a weaker correlation with the MBDA
(r = 0.35) compared to DAS28 measures but a stronger cor-
relation when compared with the CDAI (r = 0.26) and RAPID3
(r = 0.23). Because the CDAI differs from the SDAI only by the
exclusion of CRP, this suggests that the common component
of acute-phase reactants is unlikely to account entirely for its
performance in measuring RA disease activity. Further sup-
porting this are 2 studies identified in our systematic review in
which MBDA scores were associated with RA disease activity
after exclusion of CRP (16,17).

Variable heterogeneity was observed in the meta-analyses
of MBDA scores with RA disease activity measures. There was
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moderate-to-high heterogeneity for cross-sectional correlations
examining MBDA correlations with the DAS28-ESR, SDAI, and
CDAI. The majority of this heterogeneity appeared to be related to
exceptionally strong performance in the Treatment Strategies for
Rheumatoid Arthritis study (22). Exclusion of this study reduced
variability (%) by 40% for the DAS28-ESR, 24% for the SDAI, and
34% for the CDAI. The remaining cross-sectional and longitudi-
nal correlations between MBDA scores and RA disease activity
measures had low-to-moderate heterogeneity by I°. Although
there was only moderate heterogeneity for correlations between
the MBDA scores and the DAS28-CRP, sensitivity analyses
found this heterogeneity to be limited to observational studies
(” = 54.7% in observational studies) and minimal heterogeneity to
exist in studies from randomized controlled trials (* = 0.0%).

Our systematic review identified additional studies character-
izing the performance of the MBDA score in assessing RA disease
outcomes. The MBDA score was able to discriminate between
low versus moderate/high disease activity in 3 studies (16,17,22),
an important characteristic with the goal of treating to remission or
low disease activity (2). MBDA scores were also predictive of RP
in several studies and independent cohorts, although study het-
erogeneity precluded a formal meta-analysis of this performance
characteristic. The ability of this tool to predict a well-established
complication of active RA further supports the validity of the MBDA
as a measure of RA disease activity. Noninflammatory pain such
as that resulting from comorbid fiboromyalgia can influence tradi-
tional RA disease activity measures, complicating disease activity
measurement. However, as an objective serum biomarker meas-
urement, MBDA scores were not influenced by fibromyalgia (26).

As with any test being implemented in clinical use, the cost
of testing is an important consideration to patients, providers,
and the health care system. Our systematic review identified
limited study of cost-effectiveness, with a simulated analysis
suggesting cost-effectiveness when balancing improvement in
quality of life and increased labor force participation (30). Fur-
ther analysis of its cost-effectiveness from actual patient data is
needed to confirm these findings.

Our study has limitations. Only 22 studies of the MBDA
score in RA were published during the search period, and only
8 of these fulfilled eligibility criteria to be included in the meta-
analysis. We included only published manuscripts because
patient cohorts were often used in multiple studies, and the
inclusion of results from gray literature would have increased the
probability of duplicate inclusion of subjects/samples. Addition-
ally, the MBDA manufacturer supported 18 of the 22 included
studies, although in 5 of these, support was only provided for
MBDA measurement in the absence of any further involvement
in study design or analysis. Details of how serum samples
were collected, processed, and stored prior to analysis were
inconsistently reported. Because sample handling may affect
biomarker measurement (35), this represents an unknown con-

founder in this meta-analysis. Finally, a novel scoring algorithm
for the MBDA score has been developed recently that accounts
for age and body mass index (36). Because of our search dates,
studies using this revised score were not included.

There are a number of strengths to our study. We conducted
a systematic review of the MBDA score in RA, searching 5 data-
bases for eligible studies. Rigorous methodology was used with
duplicate assessment of study eligibility, data abstraction, and
quality assessment. Moreover, study quality assessment was
completed using an adapted tool from tumor biomarker report-
ing guidelines (13,14). Finally, corresponding authors and com-
panies were contacted to provide additional data on studies that
did not initially report correlations with composite RA disease
activity measures and to prevent duplication of subjects/sam-
ples in the meta-analysis.

In summary, this is the first systematic review and meta-
analysis to examine the performance of the MBDA score in RA.
The MBDA score demonstrates moderate convergent validity
with the DAS28-CRP and DAS28-ESR, less robust correlation
with the SDAI, and weak convergent validity with the CDAI and
RAPID3, composite measures lacking acute-phase reactants.
It also appears to predict RP and influence provider decision-
making, although these findings need further validation in light
of high levels of variability and low effect sizes observed across
studies. While the MBDA score represents another tool to
measure RA disease activity, further assessment of its ability to
improve RA management (such as the ability to predict treat-
ment response or comparisons of patient outcomes for indi-
viduals treated to target with the MBDA score versus other RA
disease activity measures), validation of its performance charac-
teristics, evaluation of a recently proposed scoring modification,
as well as appraisal through independently funded efforts are
necessary.
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Factors Associated With Hand and Upper Arm Functional
Disability in People With Rheumatoid Arthritis: A
Systematic Review

Hisham Arab Alkabeya,' ““/ Ann-Marie Hughes,” ¥’ and Jo Adams?

Objective. This original systematic review aimed to summarize evidence within observational studies on the fac-
tors associated with hand functional disability in adults with rheumatoid arthritis (RA).

Methods. A rigorous extensive systematic literature search was conducted in 6 medical databases for peer-
reviewed English language observational studies that explore the factors associated with hand function for people
with RA. Factors were critically classified under the domains of the International Classification of Functioning, Dis-
ability and Health (ICF) framework and health-related factors. The methodologic quality was determined using the
appraisal tool for cross-sectional studies. Factors related to hand function that were investigated in >2 studies were
explored using a best-evidence synthesis.

Results. Twenty articles from 1,271 citations met the inclusion criteria. All presented cross-sectional data (5
high-quality and 15 low-quality articles), resulting in limited evidence in the best-evidence synthesis. For the factors
classified under the ICF domains, the best-evidence synthesis indicated that a diverse range of positive and nega-
tive factors were associated with hand function. However, key factors were hand strength, disease activity, and pain
intensity. It is evident that few sociodemographic factors have been explored for the association with hand function.

Conclusion. Although the level of evidence was limited, modifiable factors such as grip strength, disease activity,
and pain were identified as the most influential factors on hand function in people with RA. The findings of the present
review indicate that important sociodemographic factors that impact hand function in individuals with RA have not

yet been considered or reported in clinical research.
INTRODUCTION

Rheumatoid arthritis (RA) is an inflammatory, systemic
autoimmune and chronic disease that affects approximately
1% of individuals worldwide. The disease pathogenesis
remains unknown (1). Hand involvement is typically present
in 80-90% of the people with RA (2) and results in stiffness,
swelling, pain, range of motion (ROM) limitation, deformity, and
muscle weakness (3). These impairments have a formidable
impact on hand function and daily life activities (4), causing
hand functional disability for a substantial percentage (81%) of
people with RA (5).

Current management of RA focuses on early diagnosis
and early intensive intervention with disease-modifying anti-
rheumatic drugs (DMARDSs) together with biologic medica-
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tion. These new generation drugs have delivered substantial
improvements in decreasing disease activity and minimizing
disability (6). However, with recent analysis of cohorts of people
with RA who are receiving DMARDs and biologic treatments,
it is evident that hand impairments and activity limitations
remain as significant problems (7). Moreover, hand problems
exacerbate progressively even in patients in remission or with
low disease activity (8), and hand function was reported to be
substantially worse when compared to referents, despite low
disease activity (9). Despite new drug advances and targeted
medical treatment, hand function problems for people with
RA still persist. Hand function is an important component of
disability in people with RA (10). Fortuitously, hand function
assessments can be sensitive tools for assessing change in
hand functional status (11).
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SIGNIFICANCE & INNOVATIONS

+ Observational studies have focused predominant-
ly on body structure and function factors, which
highlights a lack of consideration and investigation
into personal and environmental factors when con-
sidering the impact of rheumatoid arthritis (RA) on
hand function.

Modifiable factors such as grip or pinch strength,

disease activity, and pain are the most influential

factors on hand function in people with RA.

+ Well-designed longitudinal, preferably cohort,
studies are now needed to better understand the
influence of sociodemographic factors on hand
functional disability in people with RA.

Since the focus of rehabilitation interventions is to maintain
and improve hand function abilities for people with RA (12), it is
important to identify the factors that influence the impact of RA on
hand function in daily living activities. Consequently, more know!-
edge about the factors influencing hand functional outcome in
people with RA is needed. Hand function interventions for peo-
ple with RA can be improved by understanding and considering
these factors upon planning and delivering treatment intervention.
No review has yet reported an overview of the factors associ-
ated with hand functional disability for people with RA. There-
fore, this study aimed to provide a comprehensive synthesis of
the evidence reported within observational studies for the factors
associated with hand functional disability in patients with RA in a
real-world setting rather than in randomized controlled trials.

MATERIALS AND METHODS

Protocol registration and eligibility criteria. The pro-
tocol for this systematic review was registered with the Interna-
tional Prospective Register of Systematic Reviews in May 2017
(protocol reference: CRD42017065856). Studies were included if
they fulfilled all of the following criteria: 1) full-length, peer-reviewed

studies published in English, 2) observational studies that
explored and reported factors associated with hand functional
disability, 3) studies that involved participants with the diagnosis
of RA, either according to the American College of Rheumatology
(ACR) criteria (13) or the 2010 ACR/European League Against
Rheumatism criteria for RA (14), or 4) studies that have used hand
functional disability outcome measures (either self-reported or
objective measures) commonly used with persons with rheumatic
diseases, have psychometric support, and evaluate hand-related
activity limitations and/or participation restrictions.

Articles that have only used self-reported hand function
subscales from generic disability measures or hand functional
disability outcome measures of impairment were excluded. This
is because generic disability measures are not designed to pro-
vide detailed feedback on hand function and include insufficient
coverage on hand use. Studies including participants diagnosed
with seropositive criteria were excluded, because seropositive
criteria are mainly based on the rheumatoid factor (RF) which
can occur in other autoimmune conditions and chronic infection.

Information sources and search strategy. A comput-
erized literature search was performed in MEDLINE, EMBASE,
CINAHL, PsycINFO, AMED, and Web of Sciences databases.
Medical subject headings (MeSH) and free text search keywords
were utilized to develop the search for this review. The search
strategy was formulated in MEDLINE (Table 1) and adapted for use
in other databases after consultation with an experienced medical
librarian. Published filters were used to identify studies published
in English and from January 1990 to March 2017. Reference lists
of all studies meeting the inclusion criteria have been checked.
Using Google Scholar, forward citation searching was performed
in the current review. Key studies that have been identified by the
database searches and selected as meeting the inclusion criteria
have been used to carry out citation searching. All citations were
imported into EndNote (version X7) library for data management.

Study selection and data collection. Following removal
of duplicates (using EndNote software), the study selection

Table 1. Search strategy in MEDLINE through EBSCOhost
# Search terms
S1 ((lhand or TI'hands) N3 (Tl activit* OR Tl abilit* or Tl function* OR Tl perform* OR Tl skill* ORTI

impair* OR Tl disabilit*)) OR ((AB hand OR AB hands) N3 (AB activit* OR AB abilit* OR AB
function* OR AB perform* OR AB skill* or AB impair* OR AB disabilit*))

S2 ((MH “"Hand+") OR (MH “Hand Deformities”) OR (MH “Hand Strength”)) AND ((TI ADL OR Tl “daily
activit*” OR Tl “activity limitation*” OR Tl “activities of daily living”) OR (AB ADL OR AB “daily
activit” OR AB "activity limitation*” OR AB “activities of daily living"))

S3 S1 ORS2

S4 (MH “Arthritis, Rheumatoid”) OR (TI RA) or (AB RA) OR (Tl “Rheumatoid Arthritis”) OR (AB
"Rheumatoid Arthritis”)

S5 (MH “Arthritis, Juvenile”) OR (Tl “Juvenile Arthritis”) OR (AB “Juvenile Arthritis"”)

S6 S4 NOT S5

S7 S3 AND S6

S8 limit S7 (English language, yr = “1990-Current”)
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process was completed in 2 stages. The first stage included
examining only the titles and abstracts of the search results to
eliminate all clearly ineligible publications. Secondly, a full-text
review of articles that appeared to meet the inclusion criteria or
in cases when a decision could not be made based on the title
and abstract alone was conducted. The selection process was
completed entirely by the first author. The research team was con-
sulted where any ambiguity arose.

Pertinent data were extracted and documented by the first
author, and cross-checked by the research team for completion
and accuracy. A predesigned data extraction form was used to
extract general information (author and year of publication), char-
acteristics of participants (sample size, disease duration, age, and
sex), study characteristics, and hand-function outcome measures,
factors, and the association between factors and outcome. Factors
tested for association with hand function have been categorized
under the domains of the International Classification of Functioning,
Disability and Health framework and health-related factors.

Assessment of methodologic quality. Three reviewers
independently assessed the methodologic quality of the included
articles. The first author (HA) assessed all studies included in the
review, and each one of the other reviewers (JA and AMH) assessed
half each of the included articles. The quality and risk of bias of the
included studies were assessed using a critical appraisal check-
list, to assess the quality of cross-sectional studies (the appraisal
tool for cross-sectional studies [AXIS]) (15). The AXIS comprises
20 items that focus mainly on the presented methods and results.
Seven questions of the AXIS are related to the quality of reporting,
7 questions are related to the study design quality, and 6 questions
are related to the risk of biases. Each item was scored by the mean
using the following scoring system: “yes” (Y) = 1; and “no” (N) or
“don’t know” (DK) = 0. The overall score is a percentage score
of all 20 items. Studies with an overall score of >60% were rated
as high quality (16). Disagreements regarding quality assessments
between the reviewers were resolved by discussion.

Best-evidence synthesis. Included studies exhibited
marked heterogeneity in terms of patient characteristics, outcome
measures, statistical analysis, and reporting of results. Conse-
quently, meta-analysis was not possible and the best-evidence
synthesis approach was used instead, as recommended by
Slavin (17). Only factors tested for association with hand functional
disability, which have been measured and reported in the same
manner and investigated in >2 studies, were included in the best-
evidence synthesis. For studies that used 2 tools to evaluate hand
function and reported an association between a factor and 1 tool
but no association with another tool, the following conditions were
applied: If the study used a generic hand function tool and a hand
specific tool, then only the results of the latter were considered.
If the study used 2 specific hand function tools, then the results
of the tool, which has been used more frequently in the included

Table 2. Best-evidence synthesis

Level of
evidence Description
Strong Generally consistent findings were presented in
multiple high-quality cohort studies
Moderate One high-quality cohort study and at least 2
high-quality case-control studies, or when at
least 3 high-quality case-control studies show
generally consistent findings
Limited Generally consistent findings were found in a
single cohort study, or in maximum 2
case-control studies, or in multiple
cross-sectional studies
Conflicting Less than 75% of the studies reported consistent
findings
No evidence  No study could be found

studies, were considered. The Van Tulder ranking system for the
level of evidence (18) was used as this is widely used and con-
temporaneous (16) (Table 2). Initially, the studies were categorized
according to the type of study design. The favored design was
cohort study followed by case-control design and, at last, cross-
sectional design. After that, the studies were ranked according to
their methodologic quality overall score. A result was consistent if
the factor was significantly associated to hand function with the
same direction of the association.

RESULTS

Study selection. The search of the selected databases
resulted in the retrieval of 1,254 citations (MEDLINE 395; EMBASE
566; CINAL 122; AMED 54; PsychINFO 18; Web of Sciences 99),
and another source search yielded 17 citations. After the removal
of duplicate citations, 764 articles remained. Screening of citation
titles and abstracts excluded 703 citations from the review. Out
of the remaining 61 citations, 41 were excluded with reasons as
presented in Figure 1. Finally, 20 articles met all inclusion criteria
and were included in the present review. Hand searching for these
articles resulted in the retrieval of 1 additional article, which was
published in the Turkish language; thus, it was excluded. Forward
citation tracking did not yield any further articles for inclusion in the
review.

Study characteristics. The articles in the review were
based on 19 independent studies of people with RA. Fifteen of
the 20 articles (75%) were cross-sectional (2,3,19-31), 2 were
case-control (32,33), and 3 were cohort studies (11,34,35).
Case-control and cohort studies included in this review pre-
sented cross-sectional data on the association between factors
and hand function, therefore all studies were considered to be
cross-sectional, resulting in limited evidence in the best-evidence
synthesis. A full overview of study characteristics of the included
studies is presented in Supplementary Table 1, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr23784/abstract.
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2010 ACR/EULAR criteria (n=10)

Figure 1. PRISMA flow chart of search results. ACR = American College of Rheumatology; EULAR = European League Against Rheumatism.

Methodologic quality. There was initial disagree-
ment between the leading author (HA) and the second author
(AMH) on 19% of the methodologic quality items scored, and
between HA and the third author (JA) on 27% of the items
scored. Almost all disagreements were due to reading errors
or a difference in interpretation of the methodologic quality cri-
teria. After 4 consensus meetings, no disagreement persisted,
and a third reviewer was not required to achieve consensus.
Overall quality, assessed by the reviewers as the total per-
centage of quality appraisal items endorsed for each study,
was high (=60%) for 5 studies (25%) (2,3,21,22,29). The mean
quality score for the 20 included articles was 49.5% (range
25-75%). The risk of bias items (6,7,13,14) were inadequately
met by the included studies, even for the studies with high
overall quality scores. Unlike risk of bias, 80% (n = 16) of the
included studies have a high score for reporting quality. The
mean quality score for reporting was 75% (range 29-100%).
The overall scores of methodologic quality, and quality scores
for reporting, design and risk of bias domains of the included

studies are presented in Supplementary Table 2, available on
the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr23784/abstract.

Factors related to hand function. A summary of all
factors considered for best-evidence analysis is presented in
Tables 3 and 4. Regarding body structure and function factors,
limited hand function was found to be associated with weak hand
strength measures (power, lateral pinch, tip pinch and tripod pinch
strength), increase of dominant hand fingers flexion deficit, high dis-
ease activity (composite measure, tender joints count, C-reactive
protein and patient global assessment of disease activity), pres-
ence of deformities in dominant hand, increase of ulnar deviation
angle of dominant and nondominant hand, low mental health sta-
tus, high pain intensity (bodily pain and pain during activity), and
more hand structural damage. Also, limited evidence was found
to support nondominant hand fingers flexion deficit is not associ-
ated with hand function. Conflicting evidence was found for the
association between the factors swollen joint count, erythrocyte
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Table 3. Overview of findings regarding associations of body structure and function factors with hand function*

Body structure and function factors

Association found (references)

No association found Level of evidence

Strength

Power grip (mean value of both hands) 1HQ (22)and 3 LQ (23,33,35) Limited
Power grip (dominant hand) 2HQ(21,29)and 1 LQ (27) Limited
Power grip (nondominant hand) 2 HQ (21,29) Limited
Lateral pinch (mean value of both 1THQ(22)and 1 LQ (23) Limited
hands)
Tip pinch (mean value of both hands) 1THQ(22)and 1 LQ (23) Limited
Tripod pinch (mean value of both 1THQ (22)and 1 LQ (23) Limited
hands)
Range of motion
Dominant hand fingers flexion deficit 1HQ (21)and 1 LQ (30) Limited
Nondominant hand fingers flexion 1HQ (21)and 1 LQ (30) Limited
deficit
Disease activity
Composite measure 2HQ (2,21 and 5LQ 1LQ (1) Limited
(19,23,24,26,34)
Swollen joint count 1THQ(2)and 1 LQ (24) 1LQ (31 Conflicting
Tender joint count 1THQ (2)and 2 LQ (24,31) Limited
ESR 2 LQ(19,24) 1HQ (2)and 2 LQ (25,35) Conflicting
CRP 1HQ(2)and 2 LQ (24,25) Limited
PGA 1HQ (2)and 1 LQ (24) Limited
Deformity
Presence of deformities in dominant 21Q(20,32) Limited
hand
Presence of deformities in both hands 1LQ(19) 1HQ (21) Conflicting
Ulnar deviation of dominant hand 1HQ (29)and 2 LQ (27,34) Limited
Ulnar deviation of nondominant hand 1HQ (29)and 1 LQ (34) Limited
Mental health 1HQ (2)and 2 LQ (20,24) Limited
Vitality 1HQ (2)and 1 LQ (24) One LQ (20) Conflicting
Structural damage (radiographic) 1HQ (22)and 3LQ (23,25,27) Limited
Pain
Bodily pain (VAS) 2 LQ(23,35) Limited
Bodily pain (SF-36) 1HQ (2)and 1 LQ (24) Limited
Hand pain during activity (SODA tasks) 2 LQ(30,35) One LQ (20) Conflicting
Hand pain during activity (VAS) 2 HQ (2,21) Limited
Hand pain at rest (VAS) 1HQ (2)and 1 LQ (25) One HQ (21) and 1 LQ (30) Conflicting
Stiffness
Duration 1T HQ (21) One LQ (25) Conflicting
Intensit 1 HQ (21) One LQ (20) Conflicting

* HQ = high quality; LQ = low quality; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; PGA = patient global assessment; VAS =
visual analog scale; SF-36 = Short-Form 36 Health Survey; SODA = Sequential Occupational Dexterity Assessment.

sedimentation rate (ESR), presence of deformities in both hands,
vitality, sum of painful Sequential Occupational Dexterity Assess-
ment tasks, hand pain intensity at rest, stiffness (intensity and

duration), and hand function.

For functional status factors, limited evidence was found that

would suggest that reduced hand function is associated with low
functional status level (physical, social, and emotional function). In
considering personal factors, there was conflicting evidence for
the association between age and hand function. Seven studies
reported that the difference between men and women with regard
to hand function was not statistically significant; consequently,
limited evidence is documented in the best-evidence synthesis.
Regarding environmental factors, limited evidence was found
that work activity is not associated with hand function. Finally, for
health-related factors there is conflicting evidence for the associa-
tion between the factors of disease duration, general health status,

and hand function. Also, limited evidence was found that the level
of RF is not associated with hand function.

DISCUSSION

This is the first systematic review that provides an over-
view of factors associated with hand functional disability in
people with RA. From reviewing the literature, there is a lack
of consistency with the variation in measures used in reporting
hand impairments, leading to a limited ability to make compar-
ison between studies. For instance, measuring and reporting
ROM was inconsistent between the included studies, and a
majority of the studies did not provide a clear description of
what is being measured (i.e., active or passive ROM). In addi-
tion, there were deficiencies associated with hand impairment
outcome measurements, such as subjectively reporting hand



1478

ARAB ALKABEYA ET AL

Table 4. Overview of findings regarding associations of functional status, personal, environmental, and health-related factors with hand

function*

Factors Association found

No association found Level of evidence

Functional status

Physical functioning (HAQ) 2HQ (2,21 and 5 LQ (11,23,24,27,30) 1LQ(19) Limited
Physical functioning (SF-36) THQ (2)and 1 LQ (24) Limited
Social functioning THQ(2)and 1 LQ (24) Limited
Emotional role 1THQ (2)and 1 LQ (24) Limited
Personal factors
Age 3LQ(19,28,31) 41Q (20,26,30,34,35)t Conflicting
Sex 1HQ(21)and 6 LQ Limited
(19,20,26,30,31,34,35)T
Environmental factors
Work activity 3LQ(19,20,32) Limited
Health related factors
Health condition
Disease duration 7 LQ (19,23,25,28,30,31,34,35)t 2 HQ (3,21) and 2 LQ (20,26) Conflicting
Rheumatoid factor 3LQ(19,23,32) Limited
General state of health 1HQ (2)and 1 LQ (24) 1LQ (20) Conflicting

*HAQ = Health Assessment Questionnaire; HQ = high quality; LQ = low quality; SF-36 = Short Form 36 Health Survey.
t Studies 34 and 35 and were considered as 1 body of evidence because both studies reported the findings from the same sample of RA patients
with regard to the association between hand function and disease duration, age, and sex.

deformities with lack of detail about assessment or grading
methods. Based on these observations, it is evident that pro-
tocols for assessments of hand impairments in the RA pop-
ulation need to be agreed and implemented. Consistency in
reporting hand function is also now required.

Although quality of reporting was satisfactory for the majority
of the studies identified in this review, almost all studies failed to
account for and minimize systematic errors. Therefore, conclu-
sions from this review could be at risk of bias due to weaknesses
in those studies included. Improving selection and reporting of
study participants, especially response rates and information
about nonrespondents would address these biases and should
be incorporated into future research.

This review showed that studies that consider hand disa-
bility in people with RA reported predominantly on body struc-
ture and function factors. There was a lack of consideration of,
and investigation into, personal and environmental factors when
considering the impact of RA on hand function. Many factors of
body structure and function were significantly associated with
hand functional disability. Importantly, grip strength is routinely
recorded in rheumatology clinical trials. This is appropriate and
relevant because grip strength is a valid indicator of disability (36),
has been shown to predict later hand function (37), and contrib-
utes to hand function improvements (38) in people with RA. In
this review, more than half of the included studies assessed the
association between power grip strength and hand function, and
all reported statistically significant relationships, regardless of the
measurement or reporting method. This confirms what has been
suggested by the findings of the present review —that power grip
strength is a valid and reliable indicator of hand function in RA
population and clinicians can have confidence in this finding for
using it in clinical practice.

Disease activity variables have been found to be asso-
ciated with hand function, except for ESR and swollen joint
count, for which there was conflicting evidence. An explana-
tion of this observation may be due to the fact that different
hand function assessment tools cover different spectrum of
functioning (39), and people with RA show unique and differ-
ent clinical presentations; thus, no single disease activity var-
iable can accurately detect every patient’s disease activity at
any given point in time (40). The results of the current review
suggest that disease activity is a modifiable parameter that
significantly contributes to hand function.

Pain in RA is the main treatment target for patients and cli-
nicians (41). Results from studies of RA cohorts that were con-
ducted during an era when biologic treatments were available
demonstrated that pain still remains a problem and influences
the performance of valued life activities (7,42). In the present
review, limited evidence was found that higher intensity of bod-
ily pain and hand pain during activity were associated with an
increase of hand functional disability, and conflicting evidence
was found for the association with hand pain at rest. This indi-
cates that hand pain during activity may substantially contribute
to hand functional disability. In line with these results, a recent
longitudinal report on a Swedish RA cohort indicated that gen-
eral pain was higher than hand pain during activity, which in turn
was higher than hand pain at rest (7).

The studies included in the present review indicate an asso-
ciation between structural damage and hand function, and that
an increase of radiographic joint damage is correlated with an
increase of hand functional limitations. However, in agreement with
recent evidence that radiographic joint damage is less influential
in the context of modern treatment (43), the relative importance of
structural damage may be of less importance in future research.
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The fact that conflicting evidence was found for the asso-
ciation between hand function and hand stiffness duration and
intensity is remarkable, since stiffness is a symptom widely expe-
rienced by patients with RA. Besides methodologic explanations
(i.e., only cross-sectional studies with relatively small sample size),
evidence from a systematic review of stiffness measures demon-
strated that there is limited evidence to support the validity of the
currently available stiffness measures (44). Furthermore, qualita-
tive evidence suggested that patients with RA experience stiffness
differently and reported stiffness in terms of impact rather than by
duration or severity (45).

In examining functional status, there was limited evidence
stating that reduced hand function is associated with poor phys-
ical function, social function, and emotional role. The association
found between hand function and functional status measures
may indicate that hand disability influences both the activity and
participation level of functioning. This is because physical func-
tion measures such as Health Assessment Questionnaire (HAQ),
are measuring activity limitations, whereas social functioning and
emotional role scales measure participation restrictions (46).

Few personal factors have been explored for the associa-
tion with hand function. Out of 12 personal factors identified as
meaningful for general functioning in RA (47), only coping could
be categorized as a personal factor, and was included in 1 study
as a factor for hand function (34); thus, it was not included in the
best-evidence synthesis. Important personal factors in relation
to specific hand functional outcome are not identified. Identifying
the role of these factors as determinants and modifiers of hand
function can facilitate the process when evaluating and planning
interventions for people with RA.

The findings of a qualitative study recruiting RA patients with
hand deformity proposed that environmental factors play a sig-
nificant role in hand-related activity limitations and participation
restriction (48). However, in this review the impact of only a few
environmental factors have been explored in relation to hand func-
tion. One factor, namely work activity, was included in the best-
evidence synthesis, since it was assessed in 3 independent studies
(19,20,32). However, the relative importance and influence of envi-
ronmental factors might vary according to the settings and culture.
For instance, low-income countries tend to have limited or fewer
resources in terms of health care system, compared with high-
income countries. Moreover, social support and beliefs about health
disability may differ across countries. Considering these issues,
important environmental factors in relation to hand functional out-
comes in specific cultures and settings should be identified.

For health-related factors, conflicting evidence was found
regarding the relationship between hand function and disease
duration and general health status. Long disease duration was
expected to be significantly associated with poor hand function,
since hand impairments are prevalent and deteriorate over time
in patients with long disease duration (3,8). Alongside, the lim-
itations mentioned earlier concerning the methodologies of the

included studies, a possible explanation for this finding might be
related to the fact that patients with long disease duration may
have adapted to their situation and they do not expect any effec-
tive treatment to be available (3). Cross-sectional studies have
concluded that disease activity is the major explanatory factor for
activity limitations in RA patients, with disease duration less than
10 years (36). Accordingly, disease duration may be an irrelevant
factor to consider when evaluating hand function, particularly with
disease duration <10 years.

This review is not without limitations. Only the first author
screened the titles and abstracts. However, citations were only
considered irrelevant if the title or abstract did not include any
information on hand function outcomes. Moreover, the review
team were consulted where any ambiguity arose during the
selection process. Therefore, the possibility of removing rel-
evant studies was low. This review was limited by the wide
variation in the included studies’ sample sizes (range 25-200).
Accordingly, sample size may affect the results of associations
reported in the included studies; small associations are sig-
nificant in studies with a large sample size and not in studies
with a small sample size. The studies included in this review
did not all present the size of the association within their
statistical analysis and reporting, so it is difficult to preclude
that the results are biased by this. The studies included have
used self-reported and performance-based measures of hand
function or both. This probably influenced the results of this
review, since, performance-based measures cover a narrow
spectrum of hand functioning (39), and may not accurately
reflect hand abilities (49). Furthermore, performance based
and self-reported measures of hand function are not strongly
associated (50). Future research may benefit from stratifying
outcomes rather than combining them. The quality assess-
ment tool (AXIS) used in this review was developed based on
literature and methodologic standards; however, further stud-
ies are required to explore its test-retest reliability. Attention
should be given to the disagreement (27% and 19%) between
the reviewers on the methodologic quality of the study. Reduc-
ing the scoring options into “yes,” “no,” instead of including
“don’t know” may increase the simplicity of use of the AXIS
and may minimize the disagreements between reviewers. The
grey literature or unpublished studies were not searched as
there are few studies focusing on hand function in RA patients
(19); therefore, the number of extra studies identified by grey
literature would also be small. Studies written in English were
selected and included in the review. The percentage of all arti-
cles written in other languages was small (8%); consequently,
it is unlikely that this percentage would introduce language
bias into the review. Finally, of the 20 articles included in the
review, 1 author (JA) involved in the present review authored
2 articles. However, to ensure that the quality assessment
process was unbiased, quality assessment of these 2 articles
were completed by the first and second author.
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This systematic review has summarized current evidence
for the factors associated with hand function in RA patients. It
has also underlined areas where methodology is lacking and
potential directions for future research. There are numerous
factors where current evidence is limited or conflicting. These
factors can be classified as modifiable (e.g., disease activity,
hand strength, psychosocial factors) and nonmodifiable fac-
tors (e.g., age, sex, structural damage). Focusing on nonmod-
ifiable factors offers little added value to improve hand function
in people with RA. Therefore, modifiable factors should be of
key concern as some of these factors can be modified with
specific strategies and interventions. Before new strategies
and interventions are established to improve hand function in
people with RA, well-designed longitudinal studies need to be
performed to get more understanding in the causality between
factors and hand function. Important sociodemographic fac-
tors in relation to hand function in patients with RA need more
considerations by future research.
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Translating Treatment Effects Between Rheumatoid
Arthritis Activity Measures and American College of
Rheumatology Responses in Direct Comparison Trials

Abhijit Dasgupta and Michael M. Ward

Objective. Direct comparison trials in rheumatoid arthritis (RA) increasingly use changes in continuous disease
activity measures as endpoints. However, the between-arm differences in these scores that are clinically meaningful
are uncertain. To aid interpretation of clinical trials that use the Disease Activity Score in 28 joints (DAS28) or Sim-
plified Disease Activity Index (SDAI) as endpoints, we developed statistical equivalences between changes in these
measures and American College of Rheumatology (ACR) responses.

Methods. For superiority trials, we computed the minimal detectable difference in DAS28 changes and SDAI
changes that correspond to the ACR criteria for 20% improvement (ACR20) and 50% improvement (ACR50) responses
at the same type | and type Il errors and same sample size. For noninferiority trials, we computed noninferiority
margins that were statistically equivalent across measures. Standard deviations of the changes in the DAS28 and
SDAI from a recent observational study were used as the basis of calculations in our examples.

Results. In the base scenario with type 1 error 0.05 and power 0.80, a trial with 300 subjects per arm would de-
tect a 0.31-point difference in mean DAS28 change scores and 3.71-point difference in mean SDAI change scores
as statistically equivalent to an absolute difference of 11% in ACR20 between treatment arms. We developed a web-
based utility that provides equivalent differences among these measures for customized sample sizes, error rates,
and standard deviations of the DAS28 and SDAI between-arm differences.

Conclusion. The DAS28 and SDAI responses can be related to statistically equivalent changes in ACR responses,

which can aid the interpretation of trials that use these measures.

INTRODUCTION

With the proliferation of new treatments for rheumatoid arthritis
(RA), comparative trials that directly assess the relative efficacy of 2
or more active drugs or treatment strategies have assumed great
importance in informing treatment decisions (1). Many such trials
have used the American College of Rheumatology (ACR) response
criteria as the primary endpoint, even though these criteria were
developed to distinguish active treatments from placebo (2). Increas-
ingly, direct comparison trials have used changes in an RA activity
measure as the primary endpoint, based in part on the perception
that continuous measures may afford greater statistical power (3,4).
Continuous measures also allow distinction of responses among
patients who have the same level of ACR response.
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Comparative trials often test the difference in changes between
study arms over the duration of the trial. This comparison entails
2 mental steps: appreciation of the change over time within study
arms, and then comparison of these changes between arms. The
degree of difference in these change scores that is clinically mean-
ingful has not been established, which complicates the interpre-
tation of these trials. This comparison is even more challenging in
direct comparison trials than in placebo-controlled trials because
each treatment is likely efficacious to some degree. In contrast,
threshold outcomes such as the ACR criteria for 20% improvement
(ACR20) directly provide a measure of within-arm improvement, and
the only task is to compare the proportion of responders between
study arms. Years of use have provided clinicians with intuition on
the clinical meaning of ACR responses.
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SIGNIFICANCE & INNOVATIONS

« To our knowledge, this is the first study to report
how changes in the Disease Activity Score in 28
joints (DAS28) and the Simplified Disease Activity
Index (SDAI) translate to equivalent American Col-
lege of Rheumatology (ACR) responses in rheuma-
toid arthritis.

+ We developed a web-based utility that allows users
to derive statistical equivalences between DAS28
changes, SDAI changes, and ACR response criteria
for both superiority trials and noninferiority trials.

Translating the treatment effects associated with continuous
RA activity measures to corresponding ACR responses could aid
the interpretation of trials that use an RA activity measure as the end-
point. Here, we used statistical equivalences to develop compar-
able detectable treatment effects between changes in the Disease
Activity Score in 28 joints (DAS28) and Simplified Disease Activity
Index (SDAI) and the ACR response criteria to provide context for
changes in the continuous measures. When reading trials that com-
pare treatments using the DAS28 or SDAI, rheumatologists can use
these tools to produce ACR responses of the same effect.

MATERIALS AND METHODS

The statistical design of a typical 2-arm trial involves 4 quanti-
ties: the number of subjects (N) per arm; the type | error (a); the type

II'error (B); and the true difference (A) in outcome between treatment
arms to be detected (5). Here, A denotes either the true difference
in average DAS28 or SDAI changes or the true difference in ACR
responses between trial arms. In the base analysis, we set a at 0.05
and p at either 0.2 or 0.1. For a range of sample sizes (N), we deter-
mined the minimum detectable differences in the ACR20, the ACR
criteria for 50% improvement (ACR50), the DAS28, and the SDAI
between the 2 arms that would give the stated error rates. This cor-
respondence provides a data-driven way to understand equivalent
magnitudes of improvement among RA measures.

Clinical trials may test either superiority or noninferiority (i.e.,
drug B is no worse than drug A within some margin). The nonin-
feriority test is defined by H,: A < 8 versus H,: A > 6 for some pre-
assigned noninferiority margin 6 < 0. The noninferiority margin is the
maximal difference between treatments that one would still accept
as indicating that one treatment (typically 2 new drug) was not inferior
to the comparison treatment (typically the standard drug). Treatment
differences more extreme than this margin would imply that the new
treatment is not noninferior to the standard treatment (see Supple-
mentary Figure 1, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23825/abstract).

We computed equivalences among RA outcome measures
for both superiority and noninferiority designs. For simplicity, we
considered 2-arm randomized trials with equal-sized arms. We
examined outcomes at 1 timepoint, comparing between-arm
differences in the mean change in DAS28 or SDAI from the start
to end of the trial and the proportion of subjects meeting ACR20
and ACR50 criteria at the end of the trial. We used the observed

Table 1. Equivalent differences in Disease Activity Score in 28 joints (DAS28) change, Simplified Disease Activity
Index (SDAI) change, and American College of Rheumatology criteria for 20% improvement (ACR20) responses
between arms in a superiority trial for different sample sizes at statistical power levels of 80% and 90%*

Arm 1 Arm 2
ACR20 ACR20

Power N ADAS28 ASDAI Po P, A Po P, A
0.80 20 1.22 1393 50 90 40 70 100 30
30 0.99 11.27 50 83 33 70 96 26

40 0.85 9.72 50 79 29 70 94 24

50 0.76 8.67 50 77 27 70 92 22

100 0.53 6.10 50 69 19 70 86 16

200 0.38 4.30 50 64 14 70 82 12
300t 0.31t 3.51t 50t 61t Mt 7071 80T 101

400 0.27 3.04 50 60 10 70 79 9

500 0.24 2.72 50 59 9 70 78 8

0.90 20 1.41 16.12 50 94 44 70 100 30
30 114 13.04 50 87 37 70 99 29

40 0.98 11.25 50 83 33 70 96 26

50 0.88 10.03 50 80 30 70 94 24

100 0.62 7.06 50 72 22 70 88 18

200 0.44 4.98 50 66 16 70 84 18
300t 0.361 4.061 50t 63t 131 70t 811 111

400 0.31 3.52 50 61 I 70 80 10

500 0.27 3.14 50 60 10 70 79 9

* N denotes sample size per arm, and p, and p, denote the percentages for the reference drug and the comparator
drug, respectively. Calculations were based on standard deviations of 1.34 and 15.32 for change in DAS28 and SDA|,
respectively. Associations will differ with the use of other values for standard deviation.

T Example from the text.
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standard deviations of the changes in DAS28 and SDAI from a
prospective longitudinal study of treatment responses in patients
with active RA for the power calculations in our examples (6).
Our study examined longitudinal changes in RA activity in 250
patients with active RA before and after escalation of anti-
rheumatic medications. The standard deviations of the DAS28
change and SDAI change were the only data from this study
needed for the present analysis.

We initially set the ACR20 response of the reference drug
(po) at 50% and repeated the analysis at p, of 40%, 60%, and
70% to determine the effect of different levels of response on
the power relationships, given that responses in this range are
commonly observed in trials. Similarly, we set the initial ACR50
response of the reference drug at 20% and subsequently var-
ied this to 30%, 40%, and 50%. We used the 2-sample t-test
for continuous outcomes and the 2-sample test of proportions
for the ACR20 and ACR50 (5). All computations were based
on 2-sided tests.
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Figure 1.

For noninferiority trials, we computed the noninferiority mar-
gin & for each outcome to establish noninferiority at the speci-
fied error rates, assuming there truly was no difference between
the 2 drugs (i.e., Axcroo=Lacrso=Loas2s=Lspa=0). This established
correspondences of the noninferiority margins for the different
measures assuming no true difference. We used R packages
pwr and TrialSize for computations (7-9).

RESULTS

Superiority trials. The mean + SD DAS28 change with
treatment was 1.31 + 1.34, and mean SDAI change was 14.91 +
15.32. These standard deviations were used in the power calcu-
lations for the base analysis, the results of which are presented
in the tables and figures.

Table 1 shows the minimum detectable differences for each
outcome for different sample sizes for a null hypothesis of no
differences between treatments. For example, based on the
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Equivalent detectable differences at 80% statistical power between the American College of Rheumatology criteria for 20%

improvement (ACR20) responses and between-arm differences in the Disease Activity Score in 28 joints (DAS28) (A) and between-arm
differences in the Simplified Disease Activity Index (SDAI) at varying levels of ACR20 response in the reference treatment arm (p,) (B). The
association between change in mean DAS28 difference and change in mean SDAI difference and corresponding changes in ACR20 when
ACR20 response was either 50% () or 70% (+) correspond to data from Table 1. For example, a between-group difference in DAS28 change
of 0.53 would correspond to an absolute difference of 19% in ACR20 responses when the ACR20 response in the reference group was 50%,
and it would correspond to an absolute difference of 16% in ACR20 responses when the ACR20 response in the reference group was 70%.
Equivalent detectable differences at 80% statistical power between the ACR criteria for 50% improvement (ACR50) responses and between-
arm differences in the DAS28 (C) and between-arm differences in the SDAI at varying levels of ACR50 response in the reference treatment arm

(Po) (D).
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observed variability of the outcomes, a trial with 300 subjects
per arm would be able to detect a 0.31-point difference in mean
DAS28 change scores (i.e., mean DAS28 change in arm 1 minus
mean DAS28 change in arm 2 = 0.31) as significantly different
with a type | error of 5% and a power of 80%. A trial of the
same size with an ACR20 response of 50% in the reference drug
arm (i.e., p, = 50%) would detect a difference of no less than
11% in ACR20 between the 2 arms as statistically significant
(i.e., ACR20 responses of 50% versus 61%). In other words,
a detectable difference in mean DAS28 change of 0.31 would
be statistically equivalent to an absolute difference in ACR20
responder proportions of 11%. Similarly, a between-arm mean
difference in SDAI of 3.51 points was equivalent to an abso-
lute difference of 11% in the proportion of ACR20 responders
between groups. Increasing power from 80% to 90% had only a
small effect on equivalences among measures (Table 1).

If the ACR20 response for the reference drug were 70%
instead of 50%, a trial of 300 subjects per arm would be able to
detect a 0.31-point difference in mean DAS28 change scores as
significantly different, with a type 1 error of 5% and a power of
80%, and equivalently a difference in ACR20 responses of 10% as
statistically significant (Table 1). The proportion of ACR20 respond-
ers in the reference arm had little effect on the equivalences at
smaller DAS28 or SDAI differences, but it had modest effects at
larger detectable differences (Figure 1). At large detectable differ-
ences in mean DAS28 changes (or mean SDAI changes), the ACR
response associated with a given DAS28 (or SDAI) change would

be smaller in studies where the reference drug had larger ACR
responses.

Equivalent detectable differences were similar between ACR20
and ACR50 responses in absolute terms, although ACR50 differ-
ences were larger in relative terms (Table 2). For example, a detect-
able difference in DAS28 of 0.30 between trial arms was equivalent
to an absolute difference in ACR50 responses of 10%, assuming
an ACR50 response of 20% in the reference arm. The proportion
of ACR50 responders in the reference arm had little effect on the
equivalences regardless of the DAS28 or SDAI difference (Figure 1).

The equivalent differences of DAS28, SDAI, and ACR
responses also depend on the standard deviations of the changes
in DAS28 and SDAI. With larger standard deviations, the change
in DAS28 or SDAI that was statistically equivalent to a given ACR
response was larger (see Supplementary Figure 2, available on
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23825/abstract).

Noninferiority trials. Equivalent noninferiority margins for
ACR20 and ACR50 responses and changes in the DAS28 and
SDAI are shown in Table 3, based on the assumption of no differ-
ence between treatments. With 50 subjects per arm, to show non-
inferiority between drugs with 80% power ACR20 would require
a noninferiority margin of —25%, while the DAS28 would need a
margin of —0.67 and the SDAI a margin of —7.62. This means that
with 50 subjects per arm, a difference between responses as large
as —7.62 in SDAI would not be sufficient to declare the 2 arms not

Table 2. Equivalent differences in Disease Activity Score in 28 joints (DAS28) change, Simplified Disease Activity
Index (SDAI) change, and American College of Rheumatology criteria for 50% improvement (ACR50) responses
between arms in a superiority trial for different sample sizes at statistical power levels of 80% and 90%*

Arm 1 Arm 2
ACR50 ACR50

Power N ADAS28 ASDAI Po P A Po D, A
0.80 20 1.22 13.93 20 62 42 40 82 42
30 0.99 11.27 20 54 34 40 75 35

40 0.85 9.72 20 49 29 40 71 31

50 0.76 8.67 20 46 26 40 68 28

100 0.53 6.10 20 38 18 40 60 20

200 0.38 4.30 20 32 12 40 54 14
300t 0.31t 3.511 2071 301 101 40t 51t 11T

400 0.27 3.04 20 28 8 40 50 10

500 0.24 2.72 20 28 8 40 49 9

0.90 20 1.41 16.12 20 68 48 40 87 47
30 114 13.04 20 60 40 40 80 40

40 0.98 11.25 20 54 34 40 75 35

50 0.88 10.03 20 50 30 40 72 32

100 0.62 7.06 20 41 21 40 63 23

200 0.44 4.98 20 34 14 40 56 16
3007 0.361 4.061 20t 327 121 4071 53t 131

400 0.31 3.52 20 30 10 40 51 1

500 0.27 3.14 20 29 9 40 50 10

* N denotes sample size per arm, and p, and p, denote the percentages for the reference drug and the comparator
drug, respectively. Calculations were based on standard deviations of 1.34 and 15.32 for change in DAS28 and SDA|,
respectively. Associations will differ with the use of other values for standard deviation.

T Example from the text.
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Table 3. Noninferiority margins required for American College
of Rheumatology criteria for 20% improvement (ACR20) and
ACR criteria for 50% improvement (ACR50) responses, change in
Disease Activity Score in 28 joints (DAS28), and change in Simplified
Disease Activity Index (SDAI) to detect noninferiority if there is truly
no difference between the study arms, assuming a type | error of 5%
and power of either 80% or 90%*

Power N S6ACR20  S6ACR50  8DAS28  &SDAI
0.80 50 =25 =20 -0.67 -7.62
100 -18 =14 -0.47 -5.39

200 =12 =10 -0.33 -3.81

300 =10 -8 -0.27 =311

400 -9 -7 -0.24 -2.69

500 -8 -6 -0.21 -2.41

600 7 -6 -0.19 -2.20

700 -7 -5 -0.18 -2.04

800 -6 -5 -0.17 -1.91

900 -6 -5 -0.16 -1.80

1,000 -6 -4 -0.15 -1.70

0.90 50 =29 =23 -0.78 -8.97
100 =21 =17 -0.55 -6.34

200 =15 =12 -0.39 -4.48

300 =12 =10 -0.32 -3.66

400 =10 -8 -0.28 =317

500 -9 =7 -0.25 -2.84

600 -8 =7 -0.23 —2.59

700 -8 -6 -0.21 —2.40

800 =/ =6 -0.20 —2.24

900 =7/ -6 -0.18 =211

1,000 =/ =5 -0.18 -2.01

*N = sample size per arm.

noninferior to each other. With 500 subjects per arm, these margins
reduce to —8% for the ACR20, —-0.21 for the DAS28, and —2.41 for
the SDAI. Varying the ACR20 response in the reference arm from
40% to 70% had little effect (see Supplementary Figure 3, availa-
ble on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23825/abstract). Power equivalences
between ACR responses and DAS28 and SDAI changes for nonin-
feriority studies with different margins are presented in Supplemen-
tary Appendix 1, available on the Arthritis Care & Research web site
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23825/abstract.

Customizable associations. \We have developed a web-
based utility that allows users to generate equivalences among
these measures for a range of sample sizes, changes in RA activ-
ity measures, and reference group ACR responses (URL: https://
webbedfeet.shinyapps.io/PowerApp/). In addition, the standard
deviations for the change in DAS28 and SDAI can be modified
based on the user’s data. This utility can be used in planning direct
comparison trials. Statistical equivalences with the ACR criteria for
70% improvement are also provided in the utility.

DISCUSSION

Investigators are increasingly using RA activity meas-
ures as the primary endpoint in direct comparison trials despite

uncertainty about the most appropriate target treatment effect or
noninferiority margin (1). Here we provided estimates of between-
arm differences in DAS28 and SDAI change scores that were
statistically equivalent to ACR responses, which are more familiar
to rheumatologists. These crosswalks can be used to improve
the interpretability of trials that examine changes in the DAS28 or
SDAIl as the outcome.

In a superiority trial, a 19% absolute difference in ACR20
responses, arguably an important treatment effect, was equivalent
to a difference in DAS28 change scores of 0.53 and a difference
in SDAI change scores of 6.1 and would require 100 patients per
arm. However, treatments in a direct comparison trial might be
expected to have ACR20 differences of only ~10%. Differences of
this degree would correspond to DAS28 change score differences
of 0.3 and SDAI change score differences of 3.0 to 3.5 and would
require 300 to 400 subjects per arm.

An additional consideration in noninferiority trials is setting the
noninferiority margin. The margin is largely based on clinical judg-
ment, although the treatment effects in placebo-controlled studies
can provide some guidance (10). Due to greater familiarity, it may
be easier to judge noninferiority margins for an ACR20 response
than for DAS28 or SDAI responses. Our crosswalks provide
equivalences in these margins for the DAS28 and SDAIl.

We provided equivalences at selected sample sizes and type
I and type Il error rates, but investigators may be interested in
modifying the sample size or in powering a trial to detect a spe-
cific difference in DAS28 or SDAI changes. Therefore, we devel-
oped a utility that allows users to vary the sample size, error rates,
treatment effects, change score standard deviations, and ACR
responses in the reference group to provide estimates specific to
their needs.

Our study has some limitations. We examined changes
in RA activity measures as the outcome because these are
analogous to ACR responses. Rather than examining changes
from baseline, investigators may choose to compare end-of-
trial DAS28 or SDAI scores between arms. We did not include
other RA activity measures, such as the Clinical Disease Activ-
ity Index, because these have not often been used as primary
trial endpoints. We based our calculations on the standard
deviations of changes in the DAS28 and SDAI observed in
a large prospective study of patients with active RA. These
changes were very similar to those reported in recent clin-
ical trials (11-13). For example, the standard deviations
of the DAS28 change in the 2 active-treatment arms in the
RA-BEAM trial were 1.26 and 1.39 (compared to 1.34 in our
study), while the standard deviations for the SDAI change
were 14.2 and 15.1 (compared to 15.32 in our study). Should
different standard deviations be of interest, investigators can
input these in the web-based utility. Using a new perspective
of statistical information, this study provides calibration across
RA response measures that can aid the planning and interpre-
tation of trials.


http://onlinelibrary.wiley.com/doi/10.1002/acr.23825/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23825/abstract
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Racial Disparities in Total Knee Replacement Failure As
Related to Poverty

Anne R. Bass,' 2/ Bella Mehta,' Jackie Szymonifka,” Jackie Finik,' Stephen Lyman,’ Emily Ying Lai,'
Michael Parks," Mark Figgie," Lisa A. Mandl," and Susan M. Goodman'

Objective. To determine whether racial disparities in total knee replacement (TKR) failure are explained by poverty.

Methods. Black and white New York state residents, enrolled in a prospective single-institution TKR registry
January 1, 2008 to February 6, 2012, who underwent primary unilateral TKR (n = 4,062) were linked to the New York
Statewide Planning and Research Cooperative System database (January 1, 2008 to December 31, 2014) to cap-
ture revisions performed at outside institutions. Patients were linked by geocoded addresses to residential census
tracts. Multivariable Cox regression was used to assess predictors of TKR revision. Multivariable logistic regression
was used to analyze predictors of TKR failure, defined as TKR revision in New York state <2 years after surgery, or
as Hospital for Special Surgery (HSS) TKR quality of life score “not improved” or “worsened” 2 years after surgery.

Results. The mean + SD age was 68.4 + 10 years, 64% of patients were female, 8% lived in census tracts with
>20% of the population under the poverty line, and 9% were black. Median follow-up time was 5.3 years. A total of
3% of patients (122 of 4,062) required revision a median 454 days (interquartile range 215-829) after surgery. TKR
revision risk was higher in blacks than whites, with a hazard ratio of 1.69 (95% confidence interval 1.01-2.81), but in
multivariable analysis, only younger age, male sex, and constrained prosthesis were predictors of TKR revision. TKR
failure occurred in 200 of 2,832 cases (7%) with 2-year surveys. Risk factors for TKR failure were non-osteoarthritis
TKR indication, low surgeon volume, and low HSS Expectations Survey score, but not black race. Community pov-
erty was not associated with TKR revision or failure.

Conclusion. There was a trend toward higher TKR revision risk in blacks, but poverty did not modify the relation-

ship between race and TKR revision or failure.
INTRODUCTION

Blacks are at increased risk of total knee replacement (TKR)
revision compared to whites (1-6), and blacks report significantly
more pain and worse function 2 years after TKR (7). We previously
showed that racial disparities in patient-reported outcomes are
strongly influenced by community poverty and education (7,8).
Whether disparities in TKR revision risk are related to poverty is
unknown. In this study, we leveraged a large single-institution
TKR registry, linked to a statewide discharge database, to identify
TKR revisions that occurred at other hospitals. TKR cases were
also linked to residential census tracts to identify those patients
living in impoverished neighborhoods. We introduce the concept
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of TKR failure, which encompasses both TKR revision and failure
to improve knee-related quality of life (QoL) 2 years after surgery.
The goal of the study was to determine whether racial disparities
in TKR failure are explained by poverty.

PATIENTS AND METHODS

Patients. All black and white residents of New York state
who were enrolled in the Hospital for Special Surgery (HSS)
Knee Replacement Registry and who underwent a primary uni-
lateral TKR during the enrollment period were included in the
study. The registry was established by HSS in cooperation with
Weill Cornell Medical College through a grant from the Agency
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SIGNIFICANCE & INNOVATIONS

+ In patients undergoing surgery at a high-volume
hospital, community poverty does not increase
the risk of total knee replacement (TKR) revision or
failure in blacks or whites.

* Young age, male sex, and a constrained prosthesis
increase the risk of TKR revision.

* Low surgeon volume and low preoperative expec-
tations for improvement after surgery are associat-
ed with a higher risk of TKR failure.

for Healthcare Research and Quality. Baseline data collected on
all patients included age, sex, body mass index, race, ethnicity,
insurance status, and education. Patient address, race (if not
self-identified by the patient), indication for surgery, Charlson-
Deyo comorbidities score, implant type, and operative time were
obtained from the medical record. Implant types were defined as
constrained (constrained condylar, hinge), or nonconstrained (cru-
ciate retaining, cruciate sparing, posterior cruciate substituting).
Surgeon volume was measured at the attending level, including
cases performed with trainees. Patient-reported measures col-
lected included the preoperative Knee Injury and Osteoarthritis
QOutcome Score (KOOS) (9). Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC) scores were derived from
the KOOS (WOMAC scale 0-100, where a higher score indicates
better status) (9-11). Patients also completed the HSS Expec-
tations Survey, a well-validated survey with 17 questions graded
on a 5-point Likert scale in the domains of pain relief, functional
improvement, and psychosocial well-being. The score is reported
as a number from 0 to 100, with 100 being the highest expecta-
tions for improvement, and a difference of 7 is considered clinically
significant (12). Registry patients completed follow-up surveys via
mail or an emailed web-enabled link at 2 and 5 years post-TKR.
Follow-up rates were 80% for 2-year surveys and 70% for 5-year
surveys.

Statewide Planning and Research Cooperative
System (SPARCS). SPARCS collects information on all dis-
charges from nonfederal acute-care hospitals in the state. We
used this system’s data from January 1, 2008 through December
31, 2014 to identify HSS registry patients revised elsewhere. To
minimize the potential effect of missing out-of-state follow-ups on
our estimates of revision after TKR, we limited our analysis to New
York state residents. We previously verified that SPARCS captured
99% of all TKRs performed at our institution in 2009 (3). Proce-
dure codes used to identify revision TKR cases in SPARCS are
listed in Supplementary Table 1, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24028/abstract. The reason for revision was determined using
International Classification of Diseases, Ninth Revision diagnostic
codes and categorized as septic or aseptic (mechanical, fracture,

or other) (see Supplementary Table 2, available at http://onlinelior
ary.wiley.com/doi/10.1002/acr.24028/abstract). A requirement of
using SPARCS-identified data is that no cells containing <11 indi-
viduals may be reported in order to maintain patient confidential-
ity. Cells with <11 individuals have been censored in tables using
SPARCS data.

Census tracts. We used geocoding of individual case
addresses to link registry patients to specific US census tracts
and census blocks. Census tracts are small geographic areas
containing approximately 4,000 individuals, while census blocks
are census-tract subdivisions containing approximately 1,000
individuals. These geographic units are designed to be homoge-
neous with respect to population characteristics, economic sta-
tus, and living conditions (13,14). We obtained census-tract— and
block-level socioeconomic variables from the American Commu-
nity Survey/US Census using the Geographic Information Sys-
tems. The percentage of individuals below the poverty line at the
census-tract level is highly sensitive to gradients in health (15).

Primary and secondary outcomes. The primary out-
come was TKR failure, defined as 1 or both of the following: revi-
sion occurring <2 years from the initial surgery, or a knee-related
QoL rating of 5 or 6. The scale is based on the answer to the
following question: “How much did your knee surgery improve
the quality of your life? 1) More improvement than | ever dreamed
possible, 2) Great improvement, 3) Moderate improvement, 4) A
little improvement, 5) No improvement, or 6) The quality of my life
is worse.” Knee-related QoL is a global measure of the patient’s
assessment of the success of surgery not specifically related to
pain, function, stifiness, or alignment, which can vary based on
presurgical status (16). More than 90% of TKR patients identify
knee-related QoL as very or extremely important as an outcome
measure (9). Patients who did not have a 2-year QoL survey AND
who did not have a revision prior to 2 years were excluded from
the primary analysis. Our secondary outcome was time to TKR
revision, counted as the number of days between the date of initial
surgery to date of revision. For patients who did not have a revi-
sion prior to December 31, 2014, time to TKR revision was calcu-
lated as the number of days between the date of initial surgery to
December 31, 2014. Finally, we also analyzed factors associated
with septic versus aseptic revision TKR.

Statistical analysis. Baseline patient characteristics were
summarized using descriptive statistics. Continuous variables
were summarized as mean + SD and compared using t-tests.
Categorical variables were summarized as frequency and com-
pared using chi-square tests. We measured the time to TKR revi-
sion using Kaplan-Meier curves and reported log-rank tests. We
used Cox regression to assess predictors of TKR revision and
logistic regression to analyze predictors of TKR failure. Stepwise
selection was used, requiring 0.10 significance for model entry
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Table 1. Patient characteristics by race*
Overall Black White
Variable (n=4,062) (n = 358) (n =3,704) P
Patient demographics
Age at surgery, mean + SD years 68.4+99 65.5+10.2 68.7+9.8 <0.001
Female 2,610 (64.3) 291 (81.3) 2,319 (62.6) <0.001
Body mass index, mean + SD kg/m? 30.8+6.4 33.8+69 30.5+6.3 <0.001
Comorbidities
Sleep apnea 387 (9.5) 36 (10.1) 351 (9.5) 0.723
Coronary artery disease 566 (13.9) 33(9.2) 533 (14.4) 0.007
Chronic obstructive pulmonary disease 476 (11.7) 53(14.8) 423 (11.4) 0.058
Diabetes mellitus 536 (13.2) 97 (27.1) 439 (11.9) <0.001
Hypertension 2,292 (56.4) 256 (71.5) 2,036 (55.0) <0.001
Obesity 750 (18.5) 103 (28.8) 647 (17.5) <0.001
Renal disease 139 (3.4) 20(5.6) 119(3.2) 0.018
Arthritis
Rheumatoid arthritis 127 (3.1) 22(6.) 105 (2.8) <0.001
Osteoarthritis 3,944 (971) 348(97.2) 3,596 (97.1) 0.917
Any infection index surgery 120 (3.0) 13(3.6) 107 (2.9) 0.429
Education level <0.001
Some high school 128 (3.3) 37(11.1) 91 (2.6) -
High school graduate 670(17.4) 62 (18.7) 608 (17.3) -
Some college 784 (20.3) 98 (29.5) 686 (19.5) -
College graduate 947 (24.6) 73(22.0) 874 (24.8) -
Masters, professional or doctorate 1,326 (34.4) 62 (18.7) 1,264 (35.9) -
Insurance payert
Medicaid 116 (2.9) 72 (20.1) 44.(1.2) <0.001
Medicare 2,717 (66.9) 214 (59.8) 2,503 (67.6) 0.003
Commercial 3,905 (96.2) 280(78.2) 3,625 (97.9) <0.001
Self-pay 1,406 (34.6) 135(37.7) 1,271 (34.3) 0.198
Prosthesis type 0.987
Unconstrained 3,594 (90.2) 315(90.3) 3,279(90.2) -
Constrained 389(9.8) 349.7) 355(9.8) -
Surgeon volume, cases per year <0.001
<50 360 (8.9) 28(7.8) 332 (9.0) -
50-99 756 (18.6) 82(22.9) 674(18.2) -
100-199 1,111 (27.4) 181 (50.6) 930 (25.1) -
>200 1,834 (45.2) 67 (18.7) 1,767 (47.7) -
Community census characteristics
Census-tract poverty, % <0.001
<10 3,071 (75.7) 120 (33.5) 2,951 (79.8) -
10to <20 659 (16.) 87 (24.3) 572 (15.5) -
20to <30 200 (4.9) 83(23.2) 17 (3.2) -
30to <40 87(2.1) 39(10.9) 48(1.3) -
>40 38(0.9) 29(8.1) - -
Census-tract poverty >20% 325(8.0) 151 (42.2) 174.(4.7) <0.001
Baseline questionnaires
HSS expectations score, mean + SD 773 +18.2 75.2+17.8 774 +£18.2 0.21
WOMAC pain, mean + SD 547+ 179 475+19.7 55.2+17.6 <0.001
WOMAC function, mean + SD 53.7+17.6 46.2+189 542 +174 <0.001

*Values are the number (%) unless indicated otherwise. We do not report values for cells containing <11 individuals.
HSS = Hospital for Special Surgery; WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
T More than one insurance may be selected.

and 0.10 significance to remain in the final model, with the excep-
tion of race, age, and prosthesis types, which were forced into
corresponding multivariable models as noted in the results. The
one exception was “disruption of operation wound” during index
admission, which was excluded despite its statistical significance,
because it occurred in only 1 patient who underwent aseptic
revision, making it difficult to interpret. Interaction between per-
centage of the census tract under the poverty line and race was
examined in both models (TKR failure and TKR revision). For our

power calculation, we used multiple logistic regression, assum-
ing an 8.5% failure rate and a 7% black population. A sample
size of 2,832 achieved 80% power at a 0.05 significance level
to detect an 80% increase in risk of TKR failure (odds ratio [OR]
1.8). To gage potential multicollinearity between race and census-
tract poverty, the variance inflation factor (VIF) was used to assess
model distortion. The VIF did not exceed 1.2, indicating minimal
model distortion due to multicollinearity. This study was approved
by our local institutional review board.
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RESULTS

There were 7,237 cases who consented to be in the
registry and provided a baseline questionnaire between Jan-
uary 1, 2008 and February 6, 2012. Of that number, 7,207
had geocodable addresses, 4,926 were New York state res-
idents, and 4,062 had a unilateral TKR and were either black
or white (see Supplementary Figure 1, available on the Arthritis
Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.24028/abstract). The 4,062 included cases,
when compared to those who were excluded (n = 3,145), were
older, more likely to be female, less likely to be black, and more
likely to have comorbidities (see Supplementary Table 3, avail-
able on the Arthritis Care & Research web site at http://online
library.wiley.com/doi/10.1002/acr.24028/abstract). Median fol-
low-up was 1,919 days (5.3 years). Mean + SD age was 68 +
10 years, 64% were female, 8% resided in census tracts with
>20% of the population under the poverty line (census-tract
poverty), and 9% were black (Table 1). Compared to whites,
blacks were younger, more likely to be female, to have comor-
bidities, and to have a non-osteoarthritis indication for surgery
(P < 0.001 for all). Blacks also had less education and were
more likely to have Medicaid insurance (and less likely to have
Medicare) and to live in communities with high census-tract
poverty (P < 0.001 for all) (Table 1). A similar percentage of
blacks and whites required constrained prostheses and had

self-pay insurance.

Revision TKR. Three percent of cases (122 of 4,062)
required TKR revision a median of 454 days (interquartile range
[IQR] 215, 829) after the index surgery. In univariate analysis,
the risk of revision was higher in blacks than in whites, with
a hazard ratio (HR) of 1.69 (95% confidence interval [95%
Cl] 1.01-2.81) (Figure 1 and Supplementary Tables 4 and 5,
available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24028/abstract).

1.00 4.
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Figure 1. Time to revision of total knee replacement in blacks
versus whites.

Table 2. Multivariable model for time to total knee replacement
revision*

Multivariable model HR (95% Cl) P
Age at surgery, per 5 0.80(0.74-0.88) <0.001

years
Female 0.62 (0.43-0.89) 0.009
Race

White 1.00 (Ref) -

Black 1.56(0.91-2.67) 0.105
Prosthesis type

Unconstrained 1.00 (Ref) -

Constrained 2.31(1.42-3.76) <0.001

* HR = hazard ratio; 95% Cl = 95% confidence interval; Ref. = refer-
ence.

Other factors associated with an increased risk of TKR revi-
sions were constrained prosthesis type and self-pay insur-
ance, while older age, female sex, and Medicare insurance
were associated with a lower risk of TKR revision.

TKR revision, race, and poverty. The following varia-
bles were retained following stepwise selection: age, sex, race,
insurance, and prosthesis type. Race was forced into the final
model. As shown in Table 2, race was not associated with time
to TKR revision. There was no association between census-tract
poverty and time to TKR revision, and there was no interaction
effect of race and census-tract poverty on time to TKR revision
(see Supplementary Table 6, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24028/abstract). Risk factors for TKR revision were older

age, female sex, and constrained prosthesis type.

TKR failure. Of 2,832 patients who returned 2-year knee-
related QoL surveys or underwent TKR revision within 2 years,
7% (200 of 2,832) experienced TKR failure (93 revised and 107
nonrevised). Patients included in the TKR failure cohort were
less likely to be black (7% versus 12%; P < 0.001) or live in a
census tract with >20% of the population under the poverty
level (7% versus 11%; P < 0.001) than those excluded from
this analysis. In univariate analysis, factors associated with the
risk of TKR failure were age, non-osteoarthritis indication for
surgery, insurance, surgeon volume, prosthesis type, census-
tract poverty, and HSS expectations score (see Supplementary
Tables 7 and 8, available on the Arthritis Care & Research web
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24028/
abstract). There was a trend toward an increased risk of TKR
failure in blacks, with OR 1.53 (95% CI 0.95-2.45).

TKR failure, race, and poverty. The following variables
were retained following stepwise selection: sex, osteoarthritis diag-
nosis, insurance, census-tract poverty, surgeon volume, and HSS
expectations score. Age, race, and prosthesis type were forced
into the final model. As shown in Table 3, race was not associated
with the risk of TKR failure. No interaction effect between race and
census-tract poverty on odds of TKR failure was observed (see
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Table 3. Multivariable model, odds of total knee replacement

failure*
Multivariable model OR (95% Cl) 2
Age 0.96 (0.86-1.07) 0.454
Race
Black 1.03(0.43-2.47) 0.942
White 1.00 (Ref) =
Preop knee index surgery for 0.41 (0.18-0.93) 0.032
osteoarthritis
Surgeon volume, cases per year
<50 3.00(1.56-5.76) 0.001
50-99 1.25(0.64-2.42) 0.515
100-199 2.12(1.23-3.65) 0.007
>200 1.00 (Ref) -
Census-tract poverty, %
<10 0.32 (0.067-1.62) 0.169
10to <20 0.66(0.13-3.39) 0.618
20to <30 0.17 (0.02-1.45) 0.105
30 to <40 0.23(0.02-2.95) 0.259
>40 1.00 (Ref) -
HSS expectations, per 10 units 0.84(0.75-0.94) 0.002
Prosthesis type
Unconstrained 1.00 (Ref) -
Constrained 1.14(0.55-2.34) 0.72

* OR = odds ratio; 95% Cl = 95% confidence interval; Ref. = reference;
HSS = Hospital for Special Surgery.

Supplementary Table 9, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.24028/
abstract). Risk factors for TKR failure included non-osteoarthritis

diagnosis, low surgeon volume, and low HSS expectations score.

Septic versus aseptic revision TKR. Twenty-three of the
122 TKR revisions (19%) in this study were septic, and 99 of 122
(81%) were aseptic (see Supplementary Table 10, available on
the Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24028/abstract). Median time to septic ver-
sus aseptic revision was 186 days (IQR 50, 586) versus 472 days
(IQR 323, 847) (P = 0.01). Factors associated with septic (versus
asepitic) revision included older age (P = 0.02) and having a sur-
geon with a low annual volume of surgery (P = 0.02).

DISCUSSION

In this study, we analyzed more than 4,000 TKR cases
followed for a median of 5.3 years, linked them to a discharge
database to capture revisions performed anywhere in the state,
and also linked them to US residential census tracts to analyze
the relationship between race, community poverty, and 2-year
TKR failure (TKR revision, or no improvement/worsening of knee-
related Qol). In our study, 3% of cases required TKR revision and
7% experienced TKR failure. Although black race was associ-
ated with time to TKR revision in univariate analysis (and 4.7% of
blacks versus 2.8% of whites underwent TKR revision), race did
not reach statistical significance in the final model (HR 1.56 [95%
Cl 0.91-2.67]). In our analysis of TKR failure, there was a trend

toward a higher risk of revision in blacks in univariate analysis (OR
1.563 [95% CI 0.95-2.45]), but this trend was not observed in the
final adjusted model. There was no interaction between race and
poverty for either TKR revision or TKR failure.

These results differ significantly from our prior study, in which
we analyzed predictors of poor WOMAC pain and function scores
2 years after TKR and found a strong association between both
race and census-tract poverty and WOMAC pain and function (7).
In that study, we also found a strong interaction between race and
census-tract poverty whereby blacks living in wealthy neighbor-
hoods fared as well as whites, whereas in disadvantaged com-
munities, there were large racial disparities. In the current study,
poverty was not associated with TKR revision/failure risk, and race
was only a significant risk factor in univariate analysis. This finding
suggests that TKR revision/failure is an outcome distinct from pain
and function after TKR, and that TKR revision/failure risk may be
more related to features of the original surgery (e.g., prosthesis
type, surgeon volume, hospital volume) than to characteristics of
the patient. The fact that all patients in the current study had their
surgery at a single high-volume orthopedic hospital may have miti-
gated racial disparities in our models since hospital characteristics
likely contribute significantly to racial disparities in TKR revision
risk (3,17-21).

Factors associated with TKR revision in our study were
younger age, male sex, and constrained prosthesis type. Factors
associated with the TKR failure were low surgeon volume and low
baseline patient expectations for the outcome of surgery. Neither
obesity nor the presence of comorbidities, both of which have
been linked to black race (22) and to TKR revision (23) were sig-
nificant risk factors for TKR revision or failure. The link between a
constrained prosthesis type and TKR revision has been demon-
strated in other studies (6,24,25), but, of note, blacks and whites
in our study had similar utilization of constrained prostheses. Hav-
ing a surgeon with a low annual volume of surgery (<50 cases/
year) was associated with triple the risk of TKR failure in our study,
but blacks were no more likely to have a surgeon with a low
annual volume of surgery than whites. We also found that TKR
revisions that occurred in patients of surgeons with a low annual
volume of surgery were disproportionately septic revisions. Other
studies have demonstrated a stepwise increase in TKR complica-
tion rates, including revisions, as surgeon volume declines (18,26).
Complication rates may also be higher when surgery is performed
by trainees. For example, in 1 study of unicompartmental knee
replacements, there were more reoperations for bearing disloca-
tion in the trainee group, although there were similar TKR survival
rates for attending and trainee surgeons (27).

Blacks in our study were more likely to be female than were
whites (81% versus 63%), which is protective, but were also
younger (age 66 versus 69 years), a revision risk factor. Our finding
that female sex and older age were protective against TKR revision
is consistent with other studies (3,28-32). Specifically, women in
our study were 36% less likely to undergo TKR revision, and for
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every 5 years of increased age, the risk of TKR revision declined
20%. Sex differences in TKR outcomes have been ascribed to
higher rates of wear and osteolysis in men, greater physical activ-
ity in men, or differences in knee biomechanics (32). The elevated
risk in TKR revision in younger individuals has been attributed in
part to higher rates of posttraumatic secondary osteoarthritis in
this cohort (29).

High baseline patient expectations for the outcome of sur-
gery reduced the likelihood of TKR failure in our study, but there
were no significant differences in baseline expectations between
blacks and whites. Specifically, for every 10-unit increase in the
HSS expectations score, the risk of TKR failure declined 16%. A
recent study showed an association between HSS expectations
scores and patient-reported outcome measures and activity levels
in the year after surgery (33), and prior studies have suggested
that blacks have lower preoperative expectations (34). Patient
expectations have been shown to correlate with health literacy
(85), but the relationship between health literacy and health dis-
parities has not yet been well established (36).

Despite the large size of our TKR registry, the relatively
smaller number of patients who resided in New York and
returned 2-year knee-related QoL surveys may have limited our
power to analyze the impact of race on TKR failure. However,
this weakness is balanced by many strengths. To our knowl-
edge, this is the first study to link an institutional registry to a
statewide discharge database. This powerful approach enabled
ascertainment of TKR revisions that occurred at other institu-
tions and avoided the loss to follow-up seen in other TKR reg-
istries. In addition, by linking registry patients to their residentia
census tracts, we were able to analyze socioeconomic factors
such as community poverty as they impact TKR revision and
TKR failure risk. The large size of the registry, the availability of
detailed information about patients’ baseline pain, function, and
expectations for surgery, and knowledge of prosthesis types are
other study strengths. Analyzing patients from a single institu-
tion allowed us to address the impact of patient and community
factors on TKR failure risk, independent of hospital volume and
quality. This methodology is an important feature of this study
because blacks are generally more likely to choose low-volume
orthopedic hospitals (21), and having surgery at a low-volume
hospital increases the risk of TKR revision (3,19). Finally, 8.8%
of the patients in our study were black, a high percentage given
that blacks account for only 5.4% of TKRs performed in the US
(37).

In conclusion, our study did not show an association
between TKR revision or TKR failure and community poverty
in either blacks or whites. Factors associated with TKR revision
and/or TKR failure were age, sex, prosthesis type, surgeon vol-
ume, and patients’ preoperative expectations for the outcome
of surgery. Directing black patients to high-volume orthopedic
hospitals may help minimize disparities in TKR survival.
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Modifiable Determinants of Exercise Use in a Diverse
Ethnic Population With Osteoarthritis

Ernest R. Vina,' ' Michael J. Hannon,” Leslie R. M. Hausmann,? Said A. lbrahim,* Jazmin Dagnino,’
Andrea Arellano,’ and C. Kent Kwoh'

Objective. To determine the extent of ethnic differences in the use of exercise for therapy and identify relevant
modifiable determinants of exercise use among patients with knee/hip osteoarthritis (OA).

Methods. Knee/hip OA study participants were identified. Surveys were administered to collect patient socio-
demographic and clinical information, and beliefs and attitudes about providers and treatments. Final multivariable
logistic regression models were created using a fully conditional method.

Results. Hispanic participants (n = 130), compared to non-Hispanic participants (n = 232), were less likely to
have private medical insurance (9.2% versus 31.0%) or to report having excellent/very good health (40.7% versus
52.6%). They were also less likely to report using exercise for OA treatment in the last 6 months (56% versus 73%;
P = 0.003). When adjusted for age and disease severity, the difference in exercise use among ethnicities remained
significant (odds ratio [OR] 0.59 [95% confidence interval (95% CI) 0.36-0.99]). In a multivariable logistic regression
model designed to determine the most important determinants of exercise use for OA treatment, in the last 6 months
the following were all associated with exercise use: having knee instead of hip OA (OR 2.83 [95% CI 1.51-5.29]),
having family/friends who exercise (OR 3.20 [95% CI 1.76-5.84]), having a good understanding of what happens after
exercise (OR 2.19 [95 CI 1.15-4.19]), and higher perceived benefit of exercise (OR 2.24 [95% CI 1.64-3.04]).

Conclusion. Among patients with knee/hip OA, Hispanics were less likely to exercise for OA treatment. Increased
knowledge about the benefits of exercise for treatment and improved familiarity with exercise as treatment for OA

may increase exercise use.
INTRODUCTION

Osteoarthritis (OA) is the most common rheumatic disease
in the US and worldwide (1). Approximately 14 million people in
the US, including >3 million racial/ethnic minorities, have symp-
tomatic knee OA (1). The exact prevalence of OA in Hispanics
is unknown, but research suggests that 5-22% have arthritis, of
which OA is the most common form (2,3). According to national
surveys, the prevalence of arthritis-attributable activity limitation,
arthritis-attributable work limitation, and severe joint pain are also
significantly higher among Hispanics than among non-Hispanic
whites (4,5).
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While there is no known cure for OA, impaired muscle func-
tion and reduced fithess are potentially amenable to exercise, also
known as leisure time physical activity (PA) (6,7). Evidence sug-
gests that exercise programs may result in immediate and short-
term benefits, including reduced knee pain, improved physical
function, and better quality of life among people with knee and hip
OA (8,9). The benefit of exercise for pain is, in fact, comparable
with reported estimates of benefit from simple analgesics taken for
knee pain (8). The American College of Rheumatology (ACR) and
other professional organizations also recommend that all patients
with knee and hip OA participate in aerobic and strengthening
exercises to help treat the disease (10). Unfortunately, among the
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SIGNIFICANCE & INNOVATIONS

+ This study found that Hispanics were less likely
than non-Hispanics to utilize exercise as treatment
for osteoarthritis (OA).

+ After adjustment for age and OA disease severi-
ty, ethnic differences in exercise use in the last 6
months remained significant.

+ The most important predictors of exercise use for
OA included having family/friends who exercise,
having a good understanding of what exercise en-
tails, and higher perceived benefit of the therapy.

various ethnic/racial groups in the US, Hispanics have the highest
rates of inactivity and the lowest rates of meeting guidelines of
sufficient PA (11,12).

Although some evidence suggests that social determinants
of health contribute to ethnic disparities in treatment utilization
(13), socioeconomic status is unlikely to fully explain the higher
prevalence of physical inactivity during leisure time among Hispan-
ics, regardless of whether they exercise to treat OA or not. A study
by Crespo et al (14) demonstrated that Mexican American adults
reported less leisure time PA than non-Hispanic whites, irrespec-
tive of income, education, occupation, and marital status. There
are other determinants of treatment utilization, including patient
clinical characteristics (e.g., disease severity), attitudes toward
providers, and knowledge of and attitudes toward treatments (15).
Moreover, a previous study showed that ethnic/racial minority sta-
tus is associated with greater experience of OA-related symptoms
(16). A study by Armstrong et al (17) additionally demonstrated
that Hispanics are more likely than non-Hispanic whites to report
higher levels of distrust of physicians. We also previously showed
ethnic differences in familiarity with and perceptions of exercise for
OA treatment (18).

Whether ethnic differences in exercise use for OA treatment
persist despite adjustment for these clinical factors and patient
beliefs and values is unknown. It is also unclear as to whether
patient beliefs and attitudes toward providers and exercise are
independently associated with eventual use of exercise for therapy
in OA. This is particularly relevant, as patient beliefs and attitudes
toward specific treatment approaches are potentially modifiable
at the point of clinical care (19). Therefore, the primary objective
of this study was to determine the extent of ethnic differences in
the current and past use of exercise as therapy for patients with
knee or hip OA. The secondary objective was to identify the most
relevant modifiable variables that are significantly associated with
exercise use among those with OA.

PATIENTS AND METHODS

Study setting and sample. The study protocol was
approved by the Institutional Review Board of the University of

Arizona. Patients were recruited from the Banner University med-
ical center rheumatology, internal medicine, and sports medi-
cine clinics. Medical record reviews were conducted to identify
potential subjects. Our target sample included patients scheduled
for a clinic visit within the next 45 days with the following char-
acteristics: >50 years of age; self-identified as Hispanic, African
American, or white; had a diagnosis of knee or hip OA; and did not
have a cognitive dysfunction diagnosis. Patients with knee and
hip OA were identified, and those with cognitive dysfunction were
excluded using the International Classification of Diseases, Ninth
Reuvision, Clinical Modification codes (see Supplementary Figure
1, available on the Arthritis Care & Research web site at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23852/abstract).

Screening and recruitment. Patients identified
through medical record reviews and those included in a
research registry with OA were screened by telephone for eli-
gibility. In order to assess the presence of chronic, frequent
pain due to knee or hip OA, questions from the Arthritis Sup-
plement of the National Health and Nutrition Examination Sur-
vey (NHANES) | (20) and NHANES Il (21), respectively, were
used. Patients with inflammatory arthritis or those who had
both knee and hip joint replacement surgery were excluded.
The presence or absence of knee or hip OA was determined
using the ACR classification criteria (22,23). Knee OA criteria
were based on the presence of chronic frequent knee pain in
patients who were ages >50 years and radiographic evidence
of OA (22). Hip OA criteria were based on presence of hip
pain and having femoral and/or acetabular osteophytes on
radiograph (23). Those who met the appropriate criteria for
inclusion gave appropriate consent and were given a survey to
complete at home and mail back using a stamped envelope.
English and Spanish surveys were available.

Primary outcome. The primary outcome variable was
current use of exercise as a form of treatment for OA. This
was determined by the question, “Are you currently using or
participating in exercise for joint pain or arthritis?” (yes/no). The
secondary outcome variable was utilization of exercise in the last
6 months (“Have you used or participated in exercise for joint
pain or arthritis in the last 6 months?” [yes/no]).

Study variables. Sociodemographic. Information that
was collected based on self-report included ethnicity, age, sex,
race, educational attainment, employment, marital status, annual
household income, and medical insurance status. Structural social
support was obtained by determining the number of close friends/
relatives. Functional social support was assessed using a 5-item
Medical Outcomes Study social support scale (range 0-100) (24).
Level of acculturation was measured among Hispanics using the
5-item Short Acculturation Scale for Hispanics (SASH) (25). His-
panic research participants were dichotomized between those
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Table 1. Sociodemographic and clinical characteristics by ethnicity*

Hispanic Non-Hispanic
(n =130) (n=232) Pt

Age, mean + SD years 61.8+8.4 65.4+81 <0.001
Women 87 (67.4) 171 (73.7) 0.225
Race <0.001

White 40(30.8) 202 (87.1)

African American 1(0.8) 25(10.8)

American Indian or Alaskan Native 10(7.7) 0(0.0)

Other 51(39.2) 4(1.7)

Missing/refuse to answer 28 (21.54) 1(0.4)
Education <0.001

<High school diploma 27 (20.8) 7 (3.0)

High school/GED 63 (48.5) 78 (33.6)

>Associate's degree 35(26.9) 144 (62.1)
Employment <0.001

Full-time 22(16.9) 43 (18.5)

Part-time 7 (5.4) 21(9.)

Unemployed 17 (13.1) 8(3.4)

Disabled 40(30.8) 37(16.0)

Retired 35(26.9) 120 (51.7)

Missing/refuse to answer 9(6.9) 3(1.29)
Marital status, married 57 (43.8) 102 (44.0) 1.000
Annual household income <0.001

<$20,000 71(54.6) 60 (25.9)

$20,000-$39,999 16 (12.3) 38(16.4)

>$40,000 24(18.5) 115 (49.6)

Missing/refuse to answer/don’'t know 19 (14.6) 19(8.2)
Insurance

Medicaid 35(26.9) 40 (17.2) 0.031

Medicare 58 (44.6) 132 (56.9) 0.028

Medigap 12 (9.2) 58 (25.0) <0.001

Private 12 (9.2) 72 (31.0) <0.001

HMO 14.(10.8) 21(9.1) 0.584

Other 34(26.2) 26 (11.2) <0.001
Social support, mean + SD 723 +277 71.2+£26.1 0.730
No. of close friends/relatives, mean + SD 30.0 +37.8 141 +£23.6 <0.001
PHQ-8, mean + SD 6.3+57 52+53 0.089
Health literacy+ <0.001

Adequate 89 (69.1) 219 (94.8)

Inadequate 39(30.5) 12 (5.2)
Overall quality of life 0.009

Excellent 13(10.2) 30(12.9)

Very Good 39(30.5) 92 (39.7)

Good 32(25.0) 62 (26.7)

Fair 32(25.0) 36(15.5)

Poor 12 (9.4) 12(5.2)
Comorbidity score, mean + SD 28+23 26+£22 0.606
Arthritis self-efficacy, mean + SD 51+2.2 56+21 0.038
WOMAGCpain, mean + SD 59.2 +20.3 44.0+19.8 <0.001
WOMACGCstiffness, mean + SD 61.1+21.6 53.1+225 0.001
WOMACdisability, mean + SD 586+21.4 429+19.8 <0.001
Kellgren/Lawrence grade

1 25(20.2) 57 (25.3) 0.196

2 43(34.7) 80 (35.6)

3 37(29.8) 60 (26.8)

4 19 (15.3) 28 (12.4)
Knee (versus hip) participant 104 (80.0) 166 (71.2) 0.080

* Values are the number (%) unless indicated otherwise. GED = general equivalency diploma; HMO = health maintenance
organization; PHQ-8 = Patient Health Questionnaire-8; WOMAC = Western Ontario and McMaster Universities Osteoar-
thritis Index.

T Fisher's exact test for categorical variables, Wilcoxon-Mann-Whitney for ordinal variables, and t-test for continuous variables.
¥ Based on the question: “How confident are you filling out medical forms by yourself?” (27).
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who were less acculturated (average SASH score <3.0) versus
more acculturated (average SASH score >3.0).

Clinical. Quality of life was assessed by asking, “How would
you rate your overall quality of life?” The question is scored on a
5-point ordinal scale ranging from poor to excellent (26). Health
literacy was determined by asking, “How confident are you fill-
ing out medical forms by yourself?” (27). Participants were di-
chotomized between those with adequate (extremely, quite a bit)
versus inadequate (somewhat, a little bit, or not at all) health lit-
eracy. Depression was assessed using the Patient Health Ques-
tionnaire-8 (PHQ-8; range 0-24) (28). Medical comorbidity was
assessed by self-report using a modified Charlson Comorbidity
Index (29).

OA-related disease severity was measured using the 24-item
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC). This measure consists of 3 subscales of OA-related
disease severity with regard to pain, stiffness, and disability (30).
Subscale scores were rescaled to 0-100. Arthritis self-efficacy, or
patients’ confidence to manage arthritis-related pain, was also
determined (range 1-10) (81). Radiographic knee or hip OA dis-
ease severity was determined using the Kellgren/Lawrence grad-
ing system (32).

Beliefs and attitudes about providers and treatments. Phy-
sician participatory decision-making style was assessed by
having patients rate their physician’s propensity to involve them
in treatment decisions (range 0-100) (33). Hall’s Trust in Physi-
cians scale was administered (range 11-55) (34). Familiarity with
exercise as a treatment for OA was assessed by determining
whether patients were aware of the treatment as an option for
arthritis, aware of friends or family who exercise, and had an
adequate understanding of what happens to someone when he/
she exercises (yes or no for each item) (35). Perceived benefit
and risk of exercise were assessed using measures of benefit (4
item) and risk (3 item) of total joint replacement surgery, adapted
for exercise (36). Responses were averaged to obtain a scale of
1 to 5; higher values indicate increased perception of benefit or
risk, respectively.

Statistical analysis. Parametric and nonparametric tests
were used to compare patient sociodemographic information,
clinical characteristics, and beliefs and attitudes about providers
and treatments by ethnicity. Categorical variables were compared
using Fisher’s exact test. Ordinal variables were compared using
the Wilcoxon-Mann-Whitney test. Continuous variables were com-
pared using a 2-sample t-test. In the same manner, these char-
acteristics were contrasted by exercise use (current and last 6
months).

A series of logistic regression analyses were conducted
to examine the relationship between ethnicity and exercise
use (current). The initial model included ethnicity as the only
independent variable. The second set tested for the effect
of ethnicity after further adjustment for age and OA disease
severity, using the WOMAC total score (categorized into ter-
tiles). A final multivariable model was then constructed. All
study covariates/mediators that were significantly associated
(P < 0.10) with the outcome (current exercise use) based on
bivariate analyses were considered for inclusion in the model.
A fully conditional method was used to create an imputed full
model (37). Only variables that were significantly associated
(P < 0.15) with the outcome in the full model were included in
the final model. The entire process was repeated using exer-
cise in the last 6 months as the outcome variable.

RESULTS

Compared to non-Hispanic study participants with OA
(n = 232), Hispanic study participants with OA (n = 130) were
more likely to be unemployed/disabled and less likely to have
private medical insurance (Table 1). Hispanic participants
were also more likely to have fair/poor health and had worse
WOMAC scores. The majority of Hispanic study participants
filled out an English (74.6%) rather than a Spanish (25.4%)
version of the survey. Among Hispanics, 62.5% were found to
be more acculturated and the rest were found to be less so.
Hispanics, in comparison to non-Hispanics, were less likely to

Table 2. Health beliefs about exercise and providers by ethnicity*

Hispanic Non-Hispanic
(n=130) (n=232) Pt
Beliefs about exercise
Familiarity with exercise, no. (%)
Heard of use of it to treat OA 90 (70.9) 207 (90.8) <0.001
Have family/friends that received it for OA treatment 41 (37.6) 117 (60.3) <0.001
Have a good understanding of what happens after 81(74.3) 181 (83.8) 0.053
treatment
Perception of benefit (1, lowest benefit; 5, highest 3.0+1.0 33+1.0 <0.001
benefit)
Perception of risk (1, lowest risk; 5, highest risk) 20+0.8 1.8+0.8 0.083
Beliefs about providers
Physician participatory decision-making style 53.5+30.2 679 +28.0 <0.001
Trust in physicians 376+8.8 3724+ 8.1 0.499

* Values are the mean + SD unless indicated otherwise. OA = osteoarthritis.
T Fisher's exact test for familiarity with exercise questions; Wilcoxon-Mann-Whitney for others
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Table 3. Unadjusted and adjusted odds of currently exercising for OA treatment*

Unadjusted model 1

Adjusted model 2

Final adjusted model 3

Variable (n = 349) (n=326) (n = 349)

Hispanic 0.52 (0.33-0.8N)t 0.64 (0.39-1.06) 0.86 (0.49-1.50)
Age 1.01 (0.98-1.04) 0.99 (0.96-1.02)
OA disease severity (WOMAC total)f

Minimal-mild Ref. Ref.

Moderate 0.50(0.28-0.89)T 0.60(0.31-1.19)

Severe 0.35(0.19-0.63)t 0.62 (0.30-1.27)
Married 1.64(0.97-2.77)
PHQ-8 score 1.05(0.99-1.12)
Quality of life, poor or fair (vs. excellent, very good, 0.37(0.18-0.77)t

or good)

Have family/friends that exercise for OA treatment

Have good understanding of what happens after
exercise

Perceived benefit of exercise score

Perceived risk of exercise score

2.22(1.27-3.89)t
1.76 (0.89-3.48)

1.87 (1.40-2.50)t
0.75 (0.53-1.05)

* Values are the odds ratio (95% confidence interval). OA = osteoarthritis; WOMAC = Western Ontario and McMaster Universities Osteoarthritis

Index; Ref. = reference; PHQ-8 = Patient Health Questionnaire-8.
t P<0.05.

 Categories created based on WOMAC total tertile scores with a higher score indicating higher OA disease severity.

have heard about exercise as treatment for OA and to have
family/friends who received exercise therapy for treatment
(Table 2). Among Hispanics, the mean perceived benefit of
exercise score was also lower while the mean perceived risk

of exercise score was marginally higher.

Exercise use for OA by ethnicity. Hispanics, com-
pared to non-Hispanics, were less likely to report current
exercise use (50% versus 65%; OR 0.52 [95% CI 0.33-0.81])
and exercise use in the past 6 months (56% versus 73%; OR
0.49 [95% CI 0.31-0.77]) for OA treatment (Tables 3 and 4).
When adjusted for age and OA disease severity, the ethnic
differences in current exercise use was attenuated and was
no longer statistically significant (OR 0.64 [95% CI 0.39-1.06])
but the ethnic differences in exercise use in the last 6 months
remained statistically significant (OR 0.59 [95% CI 0.36-0.99).

When further adjusted for specific lower extremity joint involve-
ment, reported knowledge of having family or friends who
exercise for OA, reported understanding of what happens
after exercise, and perceived benefit score, the association
between ethnicity and exercise use in the last 6 months was
further attenuated and was no longer statistically significant
(OR 0.74 [95% CI 0.41-1.33)).

Determinants of exercise use: current and last 6
months. Regardless of ethnicity, patients with OA who were
currently exercising had higher annual income and were more
likely to have private medical insurance compared with OA
patients not currently exercising for OA treatment (Table 5).
Current exercise use was associated with lower PHQ-8 score,
adequate health literacy, excellent/very good overall quality of
life, lower comorbidity score, higher arthritis self-efficacy score,

Table 4. Unadjusted and adjusted odds of exercising in the last 6 months for OA treatment*

Unadjusted model 1

Adjusted model 2 Final adjusted model 3

Variable (n = 354) (n =330) (n = 354)
Hispanic 0.49(0.31-0.77)T 0.59(0.36-0.99)t 0.74(0.41-1.33)
Age 1.00(0.97-1.03) 0.98 (0.95-1.02)
OA disease severity (WOMAC total)f
Minimal-mild Ref. Ref.
Moderate 0.59(0.32-1.08) 0.71 (0.34-1.46)
Severe 0.40(0.21-0.74)t 0.60(0.28-1.29)

Knee (vs. hip) OA

Have family/friends that exercise for OA
treatment

Have good understanding of what
happens after exercise

Perceived benefit of exercise score

2.83(1.51-5.29)t
3.20(1.76-5.84)t

219 (1.15-4.19)1

2.24(1.64-3.04)t

* Values are the odds ratio (95% confidence interval). OA = osteoarthritis; WOMAC = Western Ontario and McMaster Universities Osteoarthritis

Index; Ref. = reference.
t P<0.05.

 Categories created based on WOMAC total tertile scores, with a higher score indicating higher OA disease severity.
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Table 5. OA patient characteristics and beliefs associated with current exercise use*

Currently Not currently
exercising exercising
(n =209) (n =140) Pt
Race 0.019
White 156 (74.6) 82 (58.6)
Black or African American 9(4.3) 13(9.3)
American Indian or Alaskan Native 5(2.4) 5(3.6)
Other 23(11.0) 28(20.0)
Missing/refuse to answer 16 (7.7) 12 (8.6)
Education 0.053
<High school diploma 15(7.2) 15(10.7)
High school/GED 73 (34.9) 62 (44.3)
>Associate's degree 118 (56.5) 59 (42.1)
Other 3(1.4) 4(2.9)
Marital status, married 103 (49.3) 54 (38.6) 0.062
Annual household income <0.001
<$20,000 61(29.2) 61 (43.6)
$20,000-39,999 31(14.8) 22 (15.7)
>$40,000 102 (48.8) 37 (26.4)
Missing/refuse to answer/don't know 15(7.2) 20 (14.3)
Insurance
Medicaid 34(16.3) 38(27.1) 0.015
Private 60 (28.7) 23(16.4) 0.010
Social support, mean + SD 744 +23.8 68.7 £ 30.1 0.070
PHQ-8, mean + SD 49+53 64+56 0.022
Health literacy# 0.007
Adequate 188 (90.4) 110(79.7)
Inadequate 20(9.6) 28(20.3)
Overall quality of life <0.001
Excellent 29(13.9) 13(9.4)
Very good 92 (44.0) 35(25.4)
Good 55(26.3) 37(26.8)
Fair 25(12.0) 39(28.3)
Poor 8(3.8) 14.(10.1)
Comorbidity score, mean + SD 24+19 30+24 0.006
Arthritis self-efficacy, mean + SD 57+21 50+2.1 0.002
WOMAGCpain, mean + SD 453 +216 543 +19.6 <0.001
WOMAG-stiffness, mean + SD 537+220 589+23.0 0.037
WOMAC-disability, mean + SD 443 +21.7 54.0 +20.9 <0.001
Familiarity with exercise
Heard of use of it to treat OA 200 (96.2) 92 (67.6) <0.001
Have family/friends that received it for OA treatment 115 (64.6) 40(33.9) <0.001
Have a good understanding of what happens after 179 (87.8) 79 (69.9) <0.001
treatment
Perception of benefit, mean + SD 35+09 27£10 <0.001
Perception of risk, mean + SD 17+07 21+09 <0.001
Physician participatory decision-making style, mean + SD 679+ 27.0 55.5+31.6 <0.001

* Values are the number (%) unless indicated otherwise (P < 0.10). OA = osteoarthritis; GED = general equiva-
lency diploma; PHQ-8 = Patient Health Questionnaire-8; WOMAC = Western Ontario and McMaster Universi-

ties Osteoarthritis Index.

T Fisher's exact test for categorical variables, Wilcoxon-Mann-Whitney for ordinal variables, and t-test for con-

tinuous variables.

¥ Based on the question: “How confident are you filling out medical forms by yourself?” (27).

and better WOMAC pain and disability scores. Reporting “yes”
to the measure items regarding familiarity with exercise as treat-
ment for OA, and higher perceived benefit and lower perceived
risk of exercise use were all significantly associated with current
exercise use for OA treatment. In the final multivariable logistic
regression model with current exercise use as the outcome vari-
able, having family or friends who exercise for OA treatment (OR
2.22 [95% CI 1.27-3.89)), higher perceived benefit of exercise

(OR 1.87 [95% CI 1.40-2.50Q]), and overall quality of life (OR 0.37
[95% CI 0.18-0.77]) were the only variables that were statisti-
cally significantly associated with exercise use for OA (Table 3).

The sociodemographic and clinical information, and beliefs
about treatments and providers associated with exercise use for
OA in the last 6 months were largely the same as that of current
exercise use for OA (see Supplementary Table 1, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.
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com/doi/10.1002/acr.23852/abstract). In the final multivariable
logistic regression model with exercise use in the last 6 months
as the outcome variable, having family or friends who exercise
for OA treatment (OR 3.20 [95% CI 1.76-5.84]), having a good
understanding of what happens after exercise (OR 2.19 [95 ClI
1.15-4.19)), higher perceived benefit of exercise score (OR 2.24
[95% CI 1.64-3.04]), and having knee instead of hip OA (OR 2.83
[95% CI 1.51-5.29)) were all statistically significantly associated
with exercise use for OA in the last 6 months (Table 4). Multivar-
iable logistic regression models with current exercise or exercise
in the last 6 months as the outcome variable, but without imputa-
tion, were created with similar results (data not shown).

DISCUSSION

Our findings on ethnic differences in exercise use for OA
are consistent with what other studies on ethnic differences in
PA have found (11,12). According to the 2010 National Health
Interview Survey, approximately 42% of Hispanics versus 29% of
non-Hispanic whites were classified as being “inactive” based on
the 2008 PA Guidelines for Americans (11). Also, only 38% of His-
panics, compared to 49% of non-Hispanic whites, were consid-
ered “sufficiently active” in this national survey. Our study uniquely
contributes to the literature by demonstrating the extent of ethnic
disparities in exercise use for OA treatment, after controlling for
relevant clinical information and patient attitudes and beliefs. The
results of our study suggest that, after adjustment for age, disease
severity, specific lower extremity joint involvement, familiarity with
exercise as treatment for OA, and perceived benefits of exercise,
the ethnic differences in exercise use in the last 6 months was
no longer statistically significant. Our findings suggest that these
factors may be most relevant in explaining the ethnic differences
in exercise use among those with OA.

Demonstrating that the belief in the benefit of exercise and
a good understanding of the effects of exercise were both asso-
ciated with increased exercise use in OA, regardless of ethnicity,
has important implications. While certain factors that determine
exercise use may be difficult to modify, patient knowledge and
attitudes toward exercise may be modified at the point of care.
Becoming educated about the benefits of exercise may influence
views about exercise. In a study by Bopp et al (38), Hispanic par-
ticipants who received culturally and spiritually relevant education
materials that promoted the health benefits of PA were more likely
to identify reasons for exercise and to accurately describe PA rec-
ommendations. In a qualitative study of Mexican Americans (39),
sense of well-being that was derived from PA was identified as a
primary motivator to increase PA.

With greater knowledge about exercise, patients with OA
may have greater confidence in their ability to exercise. Self-
efficacy, the confidence in one’s own ability to successfully carry
out courses of action, has been found to be a strong predictor
of PA among Hispanics (40-43). A review by Marquez et al (40)

identified self-efficacy as the most commonly reported correlate of
PA among Hispanics. This was found with self-efficacy measures
specific to exercise (41,42) and measures of general efficacy (43).
In a study of older Mexican American women (42), for example,
exercise self-efficacy was related to leisure/sport activities and
daily and habitual activities. We also found an association between
arthritis self-efficacy and current exercise use in our cohort.

Similarly, the finding in the present study that having family/
friends who exercise for OA was also associated with increased
use of exercise suggests that exposing patients with OA to social
networks that regularly exercise may motivate them to follow
suit. Other studies have demonstrated that knowing people who
exercise or seeing people who exercise in the neighborhood has
been associated with increased PA (44,45). Family or friends who
exercise may provide exercise-related social support (e.g., having
someone with whom patients with OA could exercise). Such type
of social support is a common correlate of exercise among His-
panics (41,46). Hovell et al (46) reported that social support from
friends specifically for exercise was strongly correlated with min-
utes of walking, walking for exercise, and vigorous activity among
Hispanics. Many argue that social support is particularly important
for Hispanics, given the emphasis on family and interpersonal rela-
tionships within the Hispanic culture (47). The measure specifically
regarding social support in our study was not specific to leisurely
activities, though, and we did not find a significant association
between general social support and exercise use.

Previous studies have shown that exercise use was less
common among Hispanics with poorer quality of life. Generalized
fatigue/tiredness has been previously linked to being less phys-
ically active among Hispanics (48) and identified as a barrier to
starting an exercise regimen (49). Latinas from North Carolina who
reported excellent or very good health were also more likely to
meet PA guideline recommendations than others (44). Our study
adds to the literature by demonstrating that greater OA disease
severity and poorer quality of life were associated with decreased
exercise use among patients with OA. It is unclear as to why exer-
cise use in the last 6 months was more common among those
with knee OA than among those with hip OA. In our study cohort,
hip OA was only assessed among those who had knee replace-
ment surgery or among those who did not have knee OA symp-
toms.

There are important limitations to consider in interpreting our
findings. First, while Hispanics were found to be less physically
active in our study and other studies (11,12), significant variability
in PA exists among different Hispanic subgroups. According to a
national survey (12), Cubans and Dominicans were found to be
the least active among different Hispanic subgroups in the US.
We primarily recruited from Arizona, where Hispanics are mostly
of Mexican descent (50). Second, our study and other published
studies (40) only measured leisure time PA and neglected ade-
quate examination of occupational or domestic activity. Yet, for
some Hispanics, these nonleisure time activities may be the domi-
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nant forms of PA in their dalily lives (40). Third, other cultural beliefs
and attitudes may also determine exercise and were unmeasured
in this study. Cultural attitudes toward weight and body shape may
act as barriers to exercise. In Hispanic culture, for instance, being
overweight symbolizes wealth or good health, and some Hispanic
women may not prioritize exercising due to reduced concerns
about being overweight (51). Finally, the extent and quality of exer-
cise were not specifically measured.

Our study showed differences in the use of exercise for the
treatment of lower extremity OA between Hispanics and non-
Hispanics. However, the ethnic differences in exercise use were
no longer significant after adjustment for OA-specific clinical
characteristics and patient familiarity with and perceived benefits
of exercise for OA treatment. We also demonstrated that poten-
tially modifiable factors, including patients’ familiarity with exer-
cise as therapy for OA and their perceived benefits of exercise,
were major determinants of exercise use. These findings may
have important implications in terms of modifying risk factors
for physical inactivity. Behavioral programs designed to increase
exercise may need to be tailored to different ethnic groups. Train-
ing programs directed toward providers may need to include
culturally appropriate strategies to motivate patients to exercise.
Additional research should be conducted to determine whether
the implementation of such programs could decrease the gap in
the utilization of exercise between Hispanics and non-Hispanics
with OA.
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Impact of Exercise Therapy on Molecular Biomarkers
Related to Cartilage and Inflammation in Individuals at Risk
of, or With Established, Knee Osteoarthritis: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials

Alessio Bricca,' &) André Struglics,” Staffan Larsson,” Martijn Steultjens,? Carsten B. Juhl,* and Ewa M. Roos'

Objective. To investigate the impact of exercise therapy on molecular biomarkers related to cartilage and inflam-
mation in individuals at risk of, or with established, knee osteoarthritis by conducting a systematic review of rand-
omized controlled trials (RCTs).

Methods. We conducted a literature search up to September 2017 in 5 major databases with no restriction on
publication year or language. Data were extracted from the first available follow-up time point, and we performed a
narrative synthesis for the effect of exercise therapy on molecular biomarkers related to cartilage and inflammation.
A subset of studies reporting sufficient data was combined in a meta-analysis, using an adjusted random-effects
model.

Results. Twelve RCTs involving 57 study comparisons at 4 to 24 weeks following an exercise-therapy inter-
vention were included. Exercise therapy decreased molecular biomarkers in 17 study comparisons (30%), had no
effect in 36 (63%), and increased molecular biomarkers in 4 study comparisons (7%). Meta-analyses of 9 biomark-
ers showed that exercise therapy was associated with nonsignificant reductions of the C-reactive protein level, C-
terminal crosslinking telopeptide of type Il collagen, tumor necrosis factor (TNF), soluble TNF receptors 1 and 2, C2C
neoepitope of type Il collagen, and cartilage oligomeric matrix protein, compared to nonexercising control groups,
and exercise therapy had no effect on interleukin-6 and soluble interleukin-6 receptor.

Conclusion. Exercise therapy is not harmful, because it does not increase the concentration of molecular bio-
markers related to cartilage turnover and inflammation, implicated in osteoarthritis progression. The overall quality of

evidence was downgraded to low because of the limited number of RCTs available.

INTRODUCTION

Osteoarthritis (OA) is the most common joint disease, and
its prevalence in the western world has doubled since the mid-
twentieth century (1). OA represents one of the main reasons for
disability, where the knee accounts for >80% of the disease bur-
den (2). It is broadly agreed that OA is driven by a combination
of biomechanic and proinflammatory factors, ultimately leading to
osteochondral changes, with cartilage breakdown being one of
the hallmarks of OA (3). Exercise is essential for the health of the
knee joint, with cartilage being able to adapt its structure, com-
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position, and metabolism to a wide range of activities (4-6). How-
ever, very high doses of exercise such as playing sports at an
elite level (4,7) as well as the absence of exercise, in the forms of
sedentary behavior (8) or immobilization (9), are associated with
cartilage loss and OA development. Therapeutic exercise is a cor-
nerstone in the management of OA, (10,11). When prescribed for
specific therapeutic goals, exercise has been shown to be clin-
ically safe (12-14) and effective in reducing pain and improving
function (15,16). Nevertheless, some patients with knee OA still
believe that therapeutic exercise may be detrimental to their knee
joints (17), constituting a barrier to exercise.

outcome measures. No other disclosures relevant to this article were
reported.

Address correspondence to Alessio Bricca, PhD, Research Unit for
Musculoskeletal Function and Physiotherapy, Department of Sports Science
and Clinical Biomechanics, Faculty of Health Sciences, University of Southern
Denmark, Campusvej 55, DK-5230 Odense M, Denmark. E-mail: abricca@
health.sdu.dk.

Submitted for publication May 11, 2018; accepted in revised form
October 9, 2018.


https://orcid.org/0000-0001-9717-918X
mailto:abricca@health.sdu.dk
mailto:abricca@health.sdu.dk

EXERCISE AND BIOMARKERS OF CARTILAGE AND INFLAMMATION IN KNEE OA

1505

SIGNIFICANCE & INNOVATIONS

+ To the best of our knowledge, this is the first study
summarizing the effect of exercise therapy on mo-
lecular biomarkers related to cartilage turnover
and inflammation in individuals at risk of, or with
established, knee osteoarthritis.

» Based on the available evidence, individuals at risk
of, or with established, knee osteoarthritis can be
told that exercise therapy is not harmful to their
knee joints.

 Future studies should preferably obtain synovial
fluid from individuals at risk of, or at early stages
of, osteoarthritis and focus on a set of biomarkers,
rather than on single biomarkers.

A moderate mechanical loading of the knee joint from exer-
cise therapy is thought to slow down cartilage breakdown by bal-
ancing anabolic and catabolic reactions in the extracellular matrix
(18). Molecular biomarkers in blood, urine, and joint fluids are
promising disease markers in predicting structural OA progression
and in assessing therapeutic response related to cartilage and
inflammation (19,20). Individuals with knee OA have higher levels
of circulating cartilage-derived biomarkers compared to healthy
controls (21,22). Systematic reviews that included overweight and
normal-weight youth (23) and adult (24) participants, with or with-
out cardiovascular diseases (25), have shown a beneficial effect of
exercise on reducing the C-reactive protein (CRP) level, a molecu-
lar biomarker related to systemic inflammation also involved in OA
progression. In the OA population, individual studies indicate that
single bouts of exercise therapy promote immediate changes to
molecular biomarkers related to cartilage extracellular matrix turn-
over (e.g., cartilage oligomeric matrix protein [COMP]) and inflam-
mation (e.g., interleukin-10 [IL-10]) that, in general, return to base-
line levels after a short period of rest (6,26-28). However, whether
therapeutic exercise interventions have an impact on the molecu-
lar biomarker concentration has previously only been investigated
in individual studies, and the effect has not been summarized in a
systematic review and meta-analysis. We aimed to investigate the
impact of exercise therapy interventions on molecular biomarkers
related to articular cartilage and inflammation, by systematically
reviewing published randomized controlled trials in individuals at
risk of, or with established, knee OA.

MATERIALS AND METHODS

Protocol. Study selection, eligibility criteria, data extraction,
and statistical analysis were performed according to the Cochrane
Collaboration guidelines (29). The study has been reported accord-
ing to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines and the study protocol was registered
at PROSPERO (CRD42017055850).

Eligibility criteria. We included randomized controlled
trials that investigated the impact of exercise therapy on
molecular biomarkers related to cartilage and inflammation in
individuals at risk of, or with established, knee OA. Studies
were excluded when no full text was available, or when the
active treatment arm involved other joint-loading interventions
besides exercise therapy.

Literature search. A systematic literature search was
performed with no restriction on publication year and language
in Medline via PubMed, Embase via Ovid, CINAHL (including
pre-CINAHL) via EBSCO, the Cochrane Central Register of
Controlled Trials, and Web of Science up to January 2017. The
search was re-run in these databases up to September 2017.

Search methods and study selection. The studies
were identified by performing a customized search strategy (see
Supplementary Appendix 1, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23786/abstract). All terms were searched, if possible, both
as keywords (Medical Subject Headings) and as text words in
titles and abstracts. In MEDLINE and EMBASE, animal studies
were identified and removed before screening all the studies,
using a validated animal filter (30,31). At first, 2 of the authors
(AB and CBJ) independently screened titles and abstracts, and
all studies deemed eligible by at least 1 of the authors were
checked independently in full text by the same reviewers. Dis-
agreements regarding inclusion were discussed between the 2
reviewers until consensus was reached.

Data collection. Data were extracted by 2 of the authors
(AB and CBJ) from the studies, including tables and graphs
of published articles. A customized data extraction form was
developed for each of the molecular biomarkers. The molecu-
lar biomarkers were grouped by bio-fluid source into synovial
fluid, serum, plasma, and urine. The following data extraction
was mandatory: authors of the study, year of publication, design
of the trial, intervention characteristics, location of the trial (in
the case of multicenter studies, the primary investigator’s affili-
ation applied), the number of patients allocated (to the exercise
and control groups), the number of patients in the intent-to-treat
(ITT) population (in the intervention and control groups), the aver-
age patient age, average body mass index (BMI), the number of
females within the ITT population, duration of the study, inter-
vention characteristics, site of collection of bio-fluid, and analysis
method of molecular biomarkers.

Molecular biomarkers classification. We classified
molecular biomarkers based on their main function and grouped
them into biomarkers of either inflasnmation or cartilage extracel-
lular matrix turnover. Molecular biomarkers related to inflamma-
tion were subgrouped into markers of inflammation (CRP, CRP
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degradation, IL-6, tumor necrosis factor [TNF], and transforming
growth factor p1) and cytokine receptors (soluble IL-6 receptor
[sIL-6r] and soluble TNF receptors 1 and 2 [TNFR1 and TNFRZ2]).
Molecular biomarkers related to cartilage extracellular matrix turn-
over were subgrouped into: 1) proteases (matrix metalloprotease
3); 2) turnover of collagens (type Il collagen synthesis [type Il col-
lagen carboxy propeptide (CPII), type Il collagen degradation
[C2C neoepitope, C2M neoepitope, and C-terminal crosslinking
telopeptide (CTX-II)], and total collagen [hydroxyproline (HP)]); 3)
glycoproteins (cartilage oligomeric matrix protein [COMPY)); and 4)
glycosaminoglycans (total glycosaminoglycans using the dimeth-
ylmethylene blue assay, chondroitin sulfate [epitopes 3B3 and
7D4], keratan sulfate [epitope 5D4], and hyaluronic acid [HA]).

Meta-analysis of a subset of molecular biomarkers.
We performed meta-analyses when at least 2 study compari-
sons were available for an outcome of interest. We estimated the
standardized mean difference (SMD) as the difference between
mean change values (or post-intervention values when only post-
intervention data were available) in the intervention and control
groups, divided by the pooled SD, using a random-effects model
and Hedges’ correction. The SD was extracted or estimated from
the SEM, the 95% confidence interval (95% CI), P value, or other

methods recommended by the Cochrane Collaboration (29).
Between-study heterogeneity was calculated using the I statis-
tic (82), measuring the proportion of variation (i.e., inconsistency)
in the combined estimates due to between-study variance (33).
An I” value of 0% indicates no inconsistency among the results
of individual trials, while an I° value of 100% indicates maximum
inconsistency. When several intervention groups were compared
to 1 control group, the number of participants in the control group
was divided by the number of intervention groups and each was
analyzed as a separate study comparison.

Narrative synthesis of results. For the effect of exercise
therapy on molecular biomarkers, we reported a statistically sig-
nificant (P < 0.05) decrease or increase in molecular biomarker
concentrations for the exercise therapy group compared to the
control group or no difference (no change) in biomarker concen-
trations between the 2 groups. The effect estimates derived from
meta-analyses were included in the overall narrative synthesis of
the results and reported as a decrease if the SMD was less than
-0.2; no difference if the SMD was between -0.2 and 0.2; and as
an increase if the SMD was higher than 0.2 (29). We performed
subgroup analyses on molecular biomarker localization (i.e., syn-
ovial fluid, blood, and urine), reporting the number of studies that
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Figure 1. Flow chart of the included studies.
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showed a change in concentration of the molecular biomarkers
of interest.

When several intervention groups were included in a study,
the between-group difference was reported for each possi-
ble comparison. For example, when a study had 2 intervention
groups (A and B) and 1 control group (C), we compared A versus
C and B versus C and reported the results as 2 separate study
comparisons. Although including multiple comparisons from the
same study does not completely rule out dependence between
estimates of effect in meta-analysis, this procedure is in accord-
ance with the Cochrane handbook (29).

Sensitivity analysis and quality of evidence. In addition,
we performed a sensitivity analysis on the studies not included in
the meta-analysis by calculating their effect size when sufficient data
were available. The Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) technique is a systematic
approach to rate the overall quality of evidence, from high to very
low. The presence of high-quality evidence indicates that “future
research is very unlikely to change the estimates of effect” while very
low-quality evidence indicates that “any estimate of effect is very
uncertain.” The GRADE assessment involves the following domains:
risk of bias (i.e., the methodologic flaws of the studies); inconsistency
(i.e., the heterogeneity of results across studies), indirectness (i.e.,
the generalizability of the findings to the target population), the preci-
sion of the estimates, and the risk of publication bias (34).

Risk of bias and the overall quality of evidence was inde-
pendently assessed by 2 authors (AB and CBJ) using the GRADE
approach (34). Disagreements in initial ratings of methodologic qual-
ity assessment were discussed between 2 of the authors (AB and
CBJ) until consensus was reached. The risk of bias was assessed
with regard to the risk of selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias, and other sources of bias.
Each of the following listed domains was assessed as adequate,
unclear, or inadequate: sequence generation, allocation conceal-
ment, blinding, incomplete outcome data addressed, selective
outcome reporting, or other bias (i.e., funding) (32) (Figure 1).

RESULTS

Study selection and characteristics. The literature
search resulted in 4,080 publications, of which 42 individual
studies were identified as potentially eligible and checked in full
text. Ultimately, we included 12 articles involving 57 study com-
parisons (Figure 1). One study was reported in 2 different articles
(85,36). We included both articles and counted them as 1 study
with 2 study comparisons, as suggested in the Cochrane guide-
lines. A subset of 31 study comparisons involving the molecu-
lar biomarkers of inflammation (CRP, IL-6, and TNF), cytokine
receptors (slL-6r, TNFR1, and TNFR2), type Il collagen degrada-
tion (C2C and CTX-l), and glycoproteins (COMP) were included
in the meta-analyses (Figure 2).

Egl;c;l:llirrs goon:;t;gns InGc;égatients SMD (95% CD) I-squared %
CRP (SF, S) 3 68/68 5 0,78 (2,01, 0.44) 91%
IL-6 (S, P) 3 195/198 —— 0.01 (-0.19, 0.20) 0%
TNF (SF, §) 3 68/50 ——— -0.28 {-0.85, 0.29) 65%
sIL-6r (S) 2 43146 e 0.05 (-0.87, 0.47) 0%
TNFR1 (S, P) 4 55/52 —— -0.25 (-0.63, 0.14) 0%
TNFR2 (S, P) 4 55/52 ——t— -0.18 {-0.57, 0.20) 0%
C2C (S, V) 3 1518 ——— -0.29 (-1.05, 0.47) 0%
CTX-11{U) 4 64/64 + -0.84 {-2.65, 0.97) 86%
COMP (S) 5 178/186 ——— -0.22 {-0.63, 0.18) 70P%
-l|.5 |1 -.|5 0 g 1|
Decreased Increased

Figure 2. Cumulative forest plot for the effect of exercise therapy on molecular biomarkers. |G = intervention group; CG = control group;
SMD = standardized mean difference; 95% Cl = 95% confidence interval; I-squared = statistical heterogeneity; CRP = C-reactive protein; SF =
synovial fluid; S = serum; IL-6 = interleukin-6; P = plasma; TNF = tumor necrosis factor; sIL-6r = soluble interleukin-6 receptor; TNFR1 = soluble
TNF receptor 1; TNFR2 = soluble TNF receptor 2; C2C = C2C neoepitope of type Il collagen; U = urine; CTX-Il = C-terminal crosslinking of type

Il collagen; COMP = cartilage oligomeric matrix protein.
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Participants. In the 12 articles, a total of 1,114 partici-
pants were included, of which 70% were women. Participant
mean + SD age was 65 + 5.7 years, with a mean + SD BMI of
29.7 + 3.2 kg/m?. One study showed only the age range, which
was from 41 to 63 years (37) and 1 study included only those
with a BMI <35 (38). One study included participants at risk of
OA (i.e., no radiographic signs of OA, sedentary behavior, age
>60 years, and a BMI >27) (39), and the remaining 11 studies
included participants with or without pain but with radiographic
knee OA, ranging from Kellgren/Lawrence (K/L) grades 1 to 4
(36-38,40-47) (Table 1).

Types of exercise therapy interventions and molec-
ular biomarker outcomes. The types of exercise therapy
interventions used were strengthening exercise in 5 studies
(37,38,42—44), aerobic exercise in 3 studies (42,46,47), and a
combination of strengthening and aerobic exercise in 5 studies
(36,39-41,45) (Table 2). Biomarker samples were obtained at 4
to 24 weeks following the exercise therapy intervention in all the
studies. Additionally, 3 studies reported in 4 articles included 1
additional follow-up assessment at 18 months (35,36,39,45); see
Supplementary Table 1, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23786/
abstract for a narrative synthesis of these results. However, we
included the first available follow-up time point in our analyses to
allow for a more homogeneous time to follow-up, ranging from 1
to 6 months across the included studies.

Of the 12 biomarker studies, 5 investigated markers of
inflammation (36,37,39,42,45), 2 investigated cytokine recep-
tors (39,44), 1 investigated proteases (37), 3 investigated
turnover of collagens (38,41,46), 4 investigated glycopro-
teins (38,40,43,45), and 5 investigated glycosaminoglycans
(88,41,45-47) (Table 3). Some studies investigated >1 molecu-
lar biomarker. Detailed characteristics of molecular biomarkers

Table 1. Study participant characteristics*

are reported in Supplementary Tables 2 and 3, available on the
Arthritis Care & Research web site at http://onlinelibrary.wiley.

com/doi/10.1002/acr.23786/abstract.

Overall narrative synthesis of results. Twelve studies
included 57 study comparisons, of which 63% (36 study com-
parisons) did not differ in molecular biomarker concentrations
between the intervention and control groups. In total, 30% (17
study comparisons) showed a decrease and 7% (4 study com-
parisons) showed an increase in molecular biomarker concen-
tration, all in favor of the exercise therapy intervention group.
Results from individual studies are shown in Table 3.

Meta-analyses of a subset of molecular biomark-
ers. Meta-analyses showed statistically nonsignificant reductions
of the molecular biomarkers CRP (SMD -0.78 [95% CI -2.01,
0.44]), CTX-II (SMD —0.84 [95% Cl -2.65, 0.97]), TNF (SMD -0.28
[95% CI -0.85, 0.29]), TNFR1 (SMD -0.25 [95% CI -0.63, 0.14]),
TNFR2 (SMD -0.18 [95% CI -0.57, 0.20]), C2C (SMD -0.29 [95%
Cl —1.05, 0.47]), and COMP (SMD -0.22 [95% CI -0.63, 0.18]),
all in favor of exercise therapy. Analyses showed no effect for IL-6
(SMD 0.01 [95% CI -0.19, 0.20]) and sIL-6r (SMD 0.05 [95% ClI
-0.37, 0.47]) (Figure 2).

Subgroup analysis on molecular biomarker col-
lection site. For molecular biomarkers in synovial fluid, blood
(serum and plasma), and urine, exercise therapy was associated
with a change in biomarker concentrations in 50% (n = 4), 36%
(n =16), and 20% (n = 1) of the study comparisons, respectively
(calculated from Table 3). Further, 97% (n = 28) of the studies on
molecular biomarkers related to inflammation, and 89% (n = 25)
of the studies on molecular biomarkers of cartilage extracellular
matrix turnover, were either unchanged or decreased after exer-
cise (calculated from Table 3).

Author, year (ref.) Location Inclusion criteriat K/L grade  Women, % Age, years BMI kg/m?
Andersson et al, 2006 (40)  Sweden Pain and radiographic OA 3/4 51 56+6 295+438
Bautch et al, 1997 (46) us ACR criteria for OA 2/3/4 72 69+2 288+2.2
Bautch et al, 2000 (47) us ACR criteria for OA 2/3/4 67 69.7+19 286+1
Chua et al, 2008 (45) us Pain, radiographic OA, and BMI >30 2/3 66 68.7+0.8 335+0.7
Hunt et al, 2013 (38) Canada ACR criteria for OA NA 52 66.1+11.3 <35
Messier et al, 2013 (36); S Pain, radiographic OA, BMI from 27 2/3 72 66+ 6 33.6+37

Loeser et al, 2017 (35) to 41, and sedentary
Nagaoka et al, 2010 (41) Japan Radiographic OA 1/2/3/4 81 62.8+10.8 233+32
Nicklas et al, 2004 (39) us At risk of OA: BMI >27 and sedentary NA 71.8 685+5 343+53
Samut et al, 2015 (42) Turkey Radiographic OA and sedentary 1/2/3 90 60.3+6 31.6+54
Simao et al, 2012 (44) Brazil ACR criteria for OA 2/3/4 875 71.6+45 279 + 49
Wang et al, 2016 (43) China ACR criteria and BMI <30 2/3 71.8 613+93 264+13
Zhang et al, 2013 (37) China ACR criteria for OA 1/2/3 62.0 Range 41-63 NA

* Values are the mean + SD unless indicated otherwise. K/L= Kellgren/Lawrence; BMI = body mass index; OA = osteoarthritis; NA = not applicable

or not assessed.

t When American College of Rheumatology (ACR) criteria for OA are used, they are from 1986 (51).

¥ Both articles reported on the same study.


http://onlinelibrary.wiley.com/doi/10.1002/acr.23786/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23786/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23786/abstract
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Sensitivity analysis for the effect of exercise on
molecular biomarkers. Data were available to calculate an
effect size for 51 of 57 individual studies. Overall, the effect sizes
for 44 of 51 study comparisons supported our main analysis.
The remaining 7 study comparisons from 3 studies (38,46,47)
changed from being classified as no effect to being decreased for
serum CPIl, urine CTX-Il, serum HP, synovial fluid 3B3, synovial
fluid 7D4, synovial fluid 5D4, and serum HA (see Supplementary
Table 4, available on the Arthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23786/abstract).

Quality of evidence. The majority of the studies applied
proper randomization and allocation, although some studies failed
to clearly describe or adequately address dropouts of participants
in the analyses (attrition bias) and failed to describe whether out-
come assessors (the individuals responsible for analyzing the
samples) were blinded to the outcomes of interest (detection bias)
(see Supplementary Figure 1, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23786/abstract). However, the high heterogeneity reported in
some of the meta-analyses and the too few studies investigating
the same outcomes made us downgrade the quality of evidence
for inconsistency (substantial heterogeneity) and imprecision (large
95% Cls of the estimates).

DISCUSSION

We summarized the impact of exercise therapy on cartilage
biomarkers in individuals at risk of, or with established, knee OA
participating in randomized controlled trials. Our results suggest
that exercise therapy is not harmful because it does not increase
the concentration of molecular biomarkers related to inflamma-
tion and cartilage turnover, associated with cartilage breakdown.
All'in all, this finding was consistent in both the main and sen-
sitivity analyses, because the majority of studies point to either
a decrease or an unchanged level. However, due to substantial
heterogeneity and large Cls in the meta-analysis estimates, the
overall quality of evidence was downgraded to low.

Systematic reviews and meta-analyses have shown that
exercise is a safe treatment associated with few and only minor
adverse events, such as temporary flares in pain, in individuals with
knee OA (12-16). Additionally, in a previous systematic review of
exercise trials, we have shown that exercise is not harmful to car-
tilage when evaluated by magnetic resonance imaging (48). The
findings of the current study, evaluating the effect from exercise
therapy on molecular biomarkers related to inflammation and car-
tilage extracellular matrix turnover, are in line with these previous
findings and support exercise therapy as a safe treatment for knee
joint cartilage in individuals at risk of, or with established, knee OA.

Molecular biomarkers obtained from the synovial fluid may
be more sensitive for detecting changes from exercise therapy,
due to the proximity of the synovial fluid to the joint tissues (49).

In agreement, we found higher rates of biomarker concentration
change in synovial fluid (50%) compared to that of blood (36%) or
urine (20%). Therefore, the origin of the fluid is important informa-
tion when interpreting results from therapeutic studies.

As our meta-analyses indicate, a reduction across the molec-
ular biomarkers associated with inflammation (i.e., CRP and TNF)
and cartilage breakdown or turnover (i.e., C2C, CTX-Il, and COMP)
favors exercise therapy, and we can say that exercise therapy is, if
anything, beneficial for cartilage assessed via molecular biomark-
ers; however, this hypothesis needs further investigation.

This study has limitations. We could not perform meta-
analyses of all the molecular biomarkers investigated due to the
low number of studies reporting the same markers. Neither could
we perform additional analysis, which is considered an important
step in exploring relationships in evidence synthesis. Also, due to
large heterogeneity and large Cls, the overall quality of evidence
was downgraded to low. To properly interpret this evaluation, one
should note that the included studies followed the available guide-
lines in conducting and reporting the studies, and therefore, the
low quality of evidence, rather than being related to methodologic
flaws of the studies, was caused by the limited number of rand-
omized controlled trials in the literature.

These results highlight the need for more high-quality rand-
omized controlled trials to further investigate the impact of knee-
joint loading exercise on cartilage and inflammation related to
molecular biomarkers. Such studies should preferably include
individuals at risk of, or at early stages of, OA, when the anabolic
and catabolic reactions in the cartilage extracellular matrix are bet-
ter balanced and a therapeutic exercise intervention theoretically
may have the ability to prevent or slow down the catabolic activi-
ties driving OA progression.

As no single biomarker has been shown to explain OA
development and progression, defined by osteophyte formation
or joint space narrowing, we recommend that future studies
focus on a set of biomarkers, rather than single biomarkers,
using established commercial biomarker assays such as those
used in the OA Initiative (50). The clinical implication of our find-
ings is that individuals at risk of, or with established, knee OA
can be told that exercise therapy is not harmful, and if anything,
is positive for the turnover of articular cartilage and inflammation.

The therapeutic exercise commonly prescribed to prevent
and treat symptomatic knee OA appears safe for knee-joint car-
tilage, because it does not increase the molecular biomarkers
related to inflammation and cartilage turnover associated with
OA. However, due to the limited number of randomized studies,
the overall quality of the evidence supporting this conclusion was
downgraded to low.
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Short- or Long-Term Treatment of Spinal Disability in Older
Adults With Manipulation and Exercise

Michele Maiers,' Jan Hartvigsen,” Roni Evans,’® Kristine Westrom," Qi Wang,’ Craig Schulz,® Brent Leininger,’ and
Gert Bronfort®

Objective. Back and neck pain are associated with disability and loss of independence in older adults. Whether
long-term management using commonly recommended treatments is superior to shorter-term treatment is unknown.
This randomized clinical trial compared short-term treatment (12 weeks) versus long-term management (36 weeks) of
back- and neck-related disability in older adults using spinal manipulative therapy (SMT) combined with supervised
rehabilitative exercises (SRE).

Methods. Eligible participants were ages >65 years with back and neck disability for >12 weeks. Coprimary out-
comes were changes in Oswestry Disability Index (ODI) and Neck Disability Index (NDI) scores after 36 weeks. An
intent-to-treat approach used linear mixed-model analysis to detect between-group differences. Secondary analyses
included other self-reported outcomes, adverse events, and objective functional measures.

Results. A total of 182 participants were randomized. The short-term and long-term groups demonstrated signifi-
cant improvements in back disability (ODI score —-3.9 [95% confidence interval (95% ClI) -5.8, —2.0] versus ODI score
—6.3 [95% CI -8.2, —4.4]) and neck disability (NDI score -7.3 [95% CI -9.1, -5.5] versus NDI score —9.0 [95% CI -10.8,
—7.2)) after 36 weeks, with no difference between groups (back ODI score 2.4 [95% CI -0.3, 5.1]; neck NDI score 1.7
[95% CI 0.8, 4.2]). The long-term management group experienced greater improvement in neck pain at week 36, in
self-efficacy at weeks 36 and 52, and in functional ability, and balance.

Conclusion. For older adults with chronic back and neck disability, extending management with SMT and SRE

from 12 to 36 weeks did not result in any additional important reduction in disability.

INTRODUCTION

Back and neck pain are common symptoms in the elderly
and are associated with significant disability that can negatively
impact general health, functional independence, and quality of
life (1-5). Back and neck pain often occur together and are the
leading causes of years lived with disability globally (6,7). Spine
pain ranks as the second most expensive chronic noncancer pain
among Medicare recipients in the US (8). Because the population
of adults age >65 years is predicted to double in size by 2050,
mitigating the effects of back- and neck-related disability is an
important public health priority (9).
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More than half of patients presenting for back or neck pain
care report continued or recurrent pain after 1 year (10,11). This
fact raises the question of whether longer-term management
strategies may be effective in sustaining improvement over time
(12). While this question has been explored in small studies of
adults with low-back pain, the evidence remains inconclusive,
particularly in relation to the elderly (13,14). Spinal manipulative
therapy (SMT) and supervised rehabilitative exercise (SRE) are
both recommmended first-line, nonpharmacologic treatments for
back and neck pain in the general population (15-18). Combining
both approaches may result in superior pain relief and function
(19). In a previous study by our team, a combination of SMT and
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SIGNIFICANCE & INNOVATIONS

+ Back and neck pain are not only common among
older adults but result in significant disability and
loss of independence.

+ Both short-term treatment and long-term manage-
ment with a combination of spinal manipulative
therapy and exercise resulted in similar improve-
ment in disability, with the greatest improvement
achieved at the time of treatment completion.

« Long-term management resulted in greater im-
provement in neck pain and self-efficacy, as well as
balance and physical performance.

+ While mild transient side effects were common, no
serious adverse events were reported by partici-
pants.

SRE resulted in greater improvements among older adults experi-
encing neck pain and disability than exercise alone (20); however,
robust research in this area is still lacking, and little attention has
been paid to the effectiveness of longer-term management.

The primary aim of this randomized, observer-blinded, com-
parative effectiveness trial was to compare the effectiveness of
SMT plus SRE, delivered via either a short-term treatment (12
weeks) or long-term management (36 weeks) strategy, on older
adults with spine-related disability. Neck and back disability were
coprimary outcomes. Secondary outcomes included neck and
back pain, general health, improvement, self-efficacy, kinesiopho-
bia, satisfaction, falls, medication use, and biomechanic functional
measures.

PATIENTS AND METHODS

Study design. This randomized clinical trial was approved
by the Institutional Review Board at Northwestern Health Sciences
University. An in-depth description of the study design, treatment
protocols, and outcome measures has been previously published
(21).

Participants were recruited from a metropolitan area in the
upper midwest US. They were screened for general inclusion cri-
teria by certified study personnel using a computer-guided ques-
tionnaire. Those who qualified after initial screening attended a
series of 2 baseline evaluations comprised of informed consent,
patient self-reported questionnaires, health history, physical
evaluation, cervical and lumbar radiographs, and a functional
assessment.

Participants were ages >65 years, English speaking, and
community dwelling, with self-reported back and neck disability
>12 weeks in duration. Disability was defined as scoring 10%
or higher on both the Neck Disability Index (NDI) and Oswestry
Disability Index (ODI), with the addition of both scores totaling
>25. Participants also had the ability to ambulate without the aid
of a wheelchair or motorized scooter and had stable prescription

pain medication use in the 4 weeks prior to enroliment. Exclusion
criteria included significant comorbid conditions and frank con-
traindications to either SMT or SRE (21).

Randomization. Eligible participants were randomly
assigned to treatment, using a 1:1 computer-generated ran-
dom block permutation allocation scheme under the direction
of an independent statistician. The randomization scheme
was concealed from study staff, who opened sequentially
numbered, opaque, sealed envelopes containing treatment
assignments in the presence of participants as they became
eligible.

Originally a 3-arm study, the third comparison group (SRE
alone for 36 weeks) was discontinued after enrolling 18 ran-
domized participants due to slower than projected enrollment
and award reductions from the funding agency. The modified,
2-arm design was approved by the steering committee, fund-
ing agency, institutional review board, and data and safety
monitoring board.

Interventions. Participants received either 12 or 36
weeks of SMT plus SRE. The same treatments were delivered
in both study groups, with the only exception being length of
care. SMT was delivered by chiropractors with at least 5 years
of experience. SRE was delivered by exercise therapists with
>4 years of experience instructing pain patients in therapeu-
tic exercise. The exercise therapists were trained to follow a
standardized program and delivered care under the supervi-
sion of study chiropractors.

SMT focused on high-velocity, low-amplitude manipu-
lation (22). Low-amplitude mobilization, manual distraction,
gentle soft-tissue massage, heat or cold therapy, and active
or passive muscle stretching were permitted to facilitate SMT.
The frequency of care, spinal regions treated, and type of
therapy used were left to the discretion of the treating chi-
ropractor, based on clinical experience, patient preferences,
and response to care. Visits were approximately 20-30 min-
utes in length. Each participant received SMT a minimum of
once per month, with treatments not exceeding twice per
week.

SRE consisted of an aerobic warm up, followed by a
standardized program of stretching, strengthening, and
balance exercises used in previous research studies and
described at length elsewhere (21). The selection of exercises,
progressions, and number of repetitions was individualized
to accommodate participants’ abilities and tolerance. All par-
ticipants received standardized advice to stay active as well
as self-care tips for pain management. Participants received
1-hour instructional sessions twice in the first month, then
once per month through the duration of the randomly assigned
intervention phase, with daily home exercises encouraged
between sessions. Standardized forms documented treatment
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visits, including examination findings, treatment used, adverse
events, and compliance.

Data collection. Sociodemographic data were collected at
baseline. Patient self-reported outcomes were collected via ques-
tionnaires at baseline and weeks 4, 12, 34, 36, 52, and 78. Func-
tional outcome measures were recorded at baseline and week 37.
Qualitative interviews were collected post-intervention (at week 12
or 36, depending on the group). Physical activity assessed with
accelerometry, and participants’ perspectives of treatment as
ascertained during qualitative interviews, will be reported in sub-
sequent publications.

Coprimary outcomes. Back and neck disability were
measured using the ODI, version 2.0, and the NDI (23-25). The
NDI was derived from the ODI, therefore having similar measure-
ment properties and aiding in the comparison of results. Each
instrument asks participants to rate 10 functional activities on a
scale of 0-5 (where O = no disability with activity and 5 = maximal
disability), with high scores indicating increasing disability.

Secondary outcomes. Neck and low-back pain in the
past week, days of prescription or over-the-counter medication,
improvement, satisfaction, kinesiophobia, self-efficacy, quality
of life, and expectations for improvement were secondary out-
comes. The incidence of falls was collected by asking participants
if they have fallen and landed on the floor or ground or have fallen
and hit an object like a table or chair during the previous 4 weeks
(26). Functional ability was assessed by hand grip strength and
the Short Physical Performance Battery (SPPB) score (27,28). A
more detailed description of data collection has been given in a
previous publication (21).

Adverse events. Active and passive surveillance methods
were used to collect information on adverse events. Patient self-
reported questionnaires asked, “Since you started treatment in
the study have you experienced any of the following?” followed
by a list of side effects known to be associated with SMT and
exercise. Participants were asked to rate yes responses on a
0-10 bothersomeness scale, where 0 = not at all bothersome
and 10 = extremely bothersome (29). Chiropractors and ther-
apists queried patients about side effects since the last visit
and documented responses on standardized treatment forms.
Adverse events were categorized by investigators according to
standards defined by the US Department of Health and Human
Services.

Sample size. For a 2-arm design, 85 participants were
needed to detect a minimally important between-group difference
of 10% in the coprimary outcome ODI at week 36, with a power of
0.90 and alpha level of 0.025. Assuming a 15% loss to follow-up
rate, 100 participants were sought for each treatment group.

Statistical analysis. Analyses followed a prespecified
plan and were performed using SAS software, version 9.3. An
intent-to-treat approach included all participants in their originally
assigned group. Baseline demographic and clinical characteristics
of groups were compared using 2-sample t-tests, Wilcoxon'’s rank
sum test, and chi-square and Fisher’s exact tests where appropri-
ate. Baseline demographic or clinical variables considered relevant
by the investigators based on the literature, or those correlated at
0.5 or greater with the primary outcomes, were included as covar-
iates in all primary and secondary analyses. Sex and expectations
have been shown to be predictive of persistent musculoskeletal-
related disability in the elderly (30); these variables were subse-
quently included as covariates.

Primary analysis used linear mixed models (PROC MIXED
in SAS) to compare between-group differences in the copri-
mary outcomes of ODI and NDI between baseline and week 36.
All participants scored both, regardless of where their primary
symptom was, and each was analyzed separately. The model
adjusted for the fixed effects of treatment group, time, and
treatment x time interaction and included a random intercept
to account for within-patient correlations. The alpha level was
reduced to 0.025 to account for testing 2 independent primary
outcomes.

The proportion of participants in each group demonstrating
>15%, >30%, and >50% improvement in ODI and NDI from base-
line were compared using logistic regression (31,32). Finally, area
under the curve (AUC) analyses of neck and back disability were
conducted using linear regression models. Secondary outcome
measures were similarly analyzed using linear mixed models.
Analyses included between-group differences at all time points,
as well as within-group change from baseline at each time point.
Baseline outcome measures were included as covariates when
available.

Descriptive statistics of baseline characteristics and outcome
measures in the 36-week exercise only arm of the study (n = 18)
were not part of the primary analyses and are reported sepa-
rately in Supplementary Table 1, available on the Arthritis Care &
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23798/abstract.

RESULTS

Of 612 patients screened, 182 were randomized (91 to
each group). An additional 18 participants were randomized to
a discontinued third intervention group of 36 weeks of SRE (see
Supplementary Table 1, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23798/
abstract). Figure 1 shows participant flow through the study. Fol-
low-up rates were high, with an overall 97% collection rate of the
coprimary outcomes at week 36. Treatment groups were similar
at baseline, with the exception of lower expectations for improve-
ment and a greater proportion of women in the short-term treat-
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Figure 1. Study participant flow chart. tx = treatment; SRE = supervised rehabilitative exercise.

ment group (Table 1). On average, study participants reported
moderate neck-related (NDI score 25.9) and back-related (ODI
score 26.2) disability, and moderate neck (4.6 on a scale of 0-10)
and back (5.0 on a scale of 0-10) pain.

Participants in the short-term treatment group attended an
average of 10 SMT and 4 exercise instruction visits. Those in the
long-term management group attended an average of 19 SMT
and 9 exercise instruction visits, with an average of 11 SMT and 4
exercise visits occurring in the first 12 weeks. Participants in both
groups reported performing the exercises at home an average of
4 times per week at the week 12 visit. That number decreased
in both groups to an average of 3 times per week at the week
36 visit. While both groups demonstrated improvement, there
was no statistically significant difference between groups in the
coprimary outcomes of neck and back disability between base-
line and week 36 (Table 2). This result was confirmed by the AUC
analysis (ODI score 38.5 [95% Cl -141.2, 218.2], P = 0.67; NDI
score —10.0 [95% CI -180.8, 160.7], P = 0.91). The responder
analysis demonstrated no statistically significant differences in
the proportions who reached 15%, 30%, or 50% improvement in
disability at either the 12- or 36-week time point (see Supplemen-
tary Figures 1 and 2, available on the Arthritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23798/
abstract). The only exception was the proportion reaching 50%

improvement in neck disability, which favored the short-term
treatment group at week 12 (P = 0.05). Overall, both groups actu-
alized the greatest proportion of responders for each threshold at
the end of their respective treatment periods.

With few exceptions, there were no statistically significant
differences between groups in secondary patient self-reported
outcomes (Table 3). Those in the long-term management group
did experience greater improvement in neck pain at week 36, and
greater gains in self-efficacy at weeks 36 and 52. Expectations for
improvement decreased in both groups over time, although more
significantly so in the short-term treatment group. There were sta-
tistically significant between-group differences in the SPPB overall
score and in the SPPB balance test subscore in favor of the long-
term management group (see Supplementary Table 2, available
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23798/abstract). No between-group
differences were observed for the rate of self-reported falls dur-
ing the follow-up period (see Supplementary Table 3, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23798/abstract).

Nonstudy treatment. At 12 weeks, 11 participants (6
in the short-term treatment group, 5 in the long-term man-
agement group) reported visits to nonstudy health care pro-
viders for their back or neck problem in the past month. At
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Table 1. SMT plus SRE participant demographics and baseline clinical characteristics*

Short-term Long-term
Overall treatment management
Characteristic (n=182) (n=91) (n=91) P
Age, mean + SD, median (range) years 711 +5.3,69 (65-87) 71.5+5.4,70 (65-86) 70.7 +5.2,69 (65-87) 0.35
Female 108 (59) 61 (67) 47 (52) 0.035t

Duration of neck pain, mean + SD,
median (range) years

Duration of back pain, mean + SD,
median (range) weeks

Ethnicity
Hispanic or Latino (M
Not Hispanic or Latino 177 (99)
Race
White 175 (97)
All others# 6(3)
Physical activity level§ 3.5(0.8)
Neck Disability Index (range 0-100) 25.9(8.5)
Neck pain (range 0-10) 46(01.7)
Back Disability Index (range 0-100) 26.2(9.2)
Back pain (range 0-10) 5.001.9)
Tobacco use (yes) 14 (8)
Alcohol use (yes) 102 (56)
Body mass index 28.8(5.8)
Quebec Task Force classification (neck)q|
1 41 (23)
2 101 (55)
3a 17 (9)
3b 16 (9)
3c 7 (4)
Quebec Task Force classification (back)#
1 118 (65)
2 34.(19)
3 22(12)
4 8 (4)
Expectations for improvement** 2.5(0.8)

12.7+13.1,10(0.2-58)

17.6 +15.8, 14.5 (0.2-60)

13.6£12.6,10(0.2-50)  11.7 £13.6, 7.5 (0.2-58) 0.10

18.0 £15.0, 5 (0.3-60) 17.2+16.7,13 (0.2-60) 0.31

0(0) 1(1) -
38 (100) 89 (99) -
012
90 (99) 85 (94) -
1(1) 5(6) =
3.5(07) 3.5(0.8) 0.85
25.2(7.5) 26.6(9.3) 0.26
4.5(1.6) 47(1.8) 0.42
25.6(8.1) 26.7(10.2) 0.39
571(1.8) 5.0(2.0) 0.70
6(7) 8(9) 0.58
47 (52) 55 (60) 0.23
28.7(5.8) 289 (5.8) 0.79
0.56
20(22) 21(23) -
47 (52) 54 (59) -
9(10) 8(9) -
11(12) 5(5) -
4(4) 3(3) -
0.69
61 (67) 57 (63) -
16 (18) 18 (20) -
9(10) 13 (14) -
5(5) 3(3) =
2.4(07) 2.7(0.8) 0.028t

* Values are the number (%) unless indicated otherwise. SMT = spinal manipulative therapy; SRE = supervised rehabilitative exercises.

t Statistically significant pairwise comparison at <0.05.

¥ Includes American Indian or Alaska Native (n = 1), black or African American (n = 4), and other (n = 1).

§ 1 = no physical activity, 6 = very heavy physical activity.

9 1 =symptoms of pain, stiffness, or tenderness only; 2 = symptoms and musculoskeletal signs without radiation; 3 = symptoms and a)
pain + radiation to extremity, proximally, b) pain + radiation to extremity, distally, c) pain + radiation to upper extremity with neurologic

signs.

# 1 = pain without radiation; 2 = pain + radiation to proximal extremity; 3 = pain + radiation to distal extremity; 4 = pain + radiation to

lower extremity with neurologic signs.

** Measured by asking: “Three months from now, how do you expect your back and neck problem to be?” (1 = no symptoms/100%

improvement, 9 = as bad as it could be/100% worse).

week 36, that number grew to 21 visits reported among those
whose study treatment had ended at 12 weeks, and 17 visits
for those just finishing their 36 weeks of treatment in the long-
term management group. At the week 78 long-term follow-up,
similar numbers in each group (25 in the short-term group, 28
in the long-term treatment group) reported nonstudy health
care visits.

Adverse events. No serious adverse events were reported.
Six participants reported mild-to-moderate adverse events (3 in
each group) and included 1 or a combination of increase in neck
pain (2 subjects), back pain (1 subject), numbness in the hands
(2 subjects) or feet (2 subjects), headache (1 subject), and dizzi-
ness with exercise (1 subject). Approximately half of participants

reported in questionnaires that they experienced >1 side effect
over the course of the study (51% of the total sample at 12 weeks;
58% of those in the short-term treatment group, 47% of the long-
term management group at 36 weeks). No significant difference
between groups was observed in frequency at either time point.
An increase or change in neck or back pain was most common.

DISCUSSION

This study is one of the first to examine the relative effectiveness
of short-term treatment (12 weeks) versus long-term management
(36 weeks) of commonly recommended nonpharmacologic treat-
ments, SMT with SRE, for older spine-pain patients. The study is
also novel in that it addresses low-back— and neck pain—related
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Table 2. Coprimary outcomes, changes from baseline, and between-group differences in neck

and back disability*

Short-term Long-term
treatment management Mean
Coprimary outcomes (n=91) (n=91) difference P
Neck disability (NDI)
Baseline 25.2(23.7,26.8) 26.6 (24.7,28.6) -1.4(-3.9,1.1) 0.26
Change from baseline
Week 4 -4.5(-6.2,-2.7) -29(-4.7,-1.2) -1.5(-4.0,0.9) 0.23
Week 12 -7.8(-9.6,-6.1) -55(-7.3,-3.8) -2.3(-4.8,0.2) 0.07
Week 24 -76(-9.3,-5.8) -5.7(-74,-3.9) -1.9(-4.4,0.6) 0.14
Week 36 -7.3(-9.1,-5.5) -9.0(-10.8,-7.2) 1.7(-0.8,4.2) 018
Week 52 -7.2(-9.0,-5.4) -71(-8.9,-5.3) -0.1(-2.6,2.4) 0.95
Week 78 -6.8(-8.6,-5.0) -8.6(-10.4,-6.8) 1.8(-0.8,4.4) 017
Back disability (ODI)
Baseline 25.6(23.9,27.3) 26.7 (24.6, 28.9) -1.2(-3.9,1.5) 0.39
Change from baseline
Week 4 -1.9(-3.8,0) -2.0(-3.9,-0.2) 0.1 (-2.5,2.8) 0.92
Week 12 -6.1(-8.0,-4.2) -4.6(-6.5,-2.7) -1.5(4.2,1.1) 0.26
Week 24 -5.5(-74,-3.6) -4.1(-6.0,-2.3) -1.4(-4.0,1.3) 0.32
Week 36 -3.9(-5.8,-2.0) -6.3(-8.2,-4.4) 2.4(-0.3,5.1) 0.08
Week 52 -3.6 (-5.6,-1.7) -4.4(-6.3,-2.5) 0.8(-1.9,3.5) 0.56
Week 78 -3.5(-5.5,-1.5) -5.8(-7.7,-3.8) 2.3(-0.5,5.0) 0.11

* Values are the mean (95% confidence interval) unless indicated otherwise. Higher scores indi-
cate greater disability. NDI = Neck Disability Index; ODI = Oswestry Disability Index.

disability simultaneously, better reflecting patients’ real-world pain
experiences, in which back and neck pain co-occur (6,33,34).
While both groups experienced improvements in disability from
baseline to week 36, there were no statistically significant differ-
ences and small effect size between groups (Cohen’s effect size
was 0.22 for NDI and 0.25 for ODI). Both groups achieved the
greatest average improvement at the time of treatment comple-
tion and generally sustained improvement through the long term.
Similar results were observed for the secondary outcomes, with
the exception of the long-term management group self-reporting
greater improvement in neck pain and self-efficacy and exhibiting
increased gains in some objective functional measures. Future-
effectiveness and cost-effectiveness studies with long-term fol-
low-up are needed to determine whether these improvements in
secondary outcomes are worth the extra time and cost associ-
ated with long-term management. Importantly, no serious adverse
events were reported. Cumulatively, these findings suggest that
SMT and SRE are safe for elderly patients experiencing low-
back— and neck pain—related disability and that longer-term man-
agement may empower them and result in important functional
benefits (e.g., balance, physical performance).

The lack of group differences in primary and most secondary
outcomes, and the absence of a no-treatment control, make it dif-
ficult to discern the extent to which natural history and regression
to the mean impacted the results. However, given the older age,
chronicity, and disability of the study sample, and the persistence
of observed improvements through the 78-week follow-up, the
SMT and SRE probably conferred specific benefits.

Expectations have been shown to be predictive of per-
sistent disability among older adults receiving treatment for

musculoskeletal conditions (30). Initially, expectations for
improvement were greater among participants randomized to
the long-term management group, compared to those receiv-
ing a shorter course of care. As a result, this baseline differ-
ence was included as a covariate in the analysis. Over the
course of the trial, both groups lowered their expectations for
improvement, more so in the short-term treatment group. The
reasons for this change in expectations, and their impact on
improvement, warrants further exploration.

More than one-fourth of the study sample achieved >50%
improvement in neck and back disability at the primary time
point; 33-55% reported obtaining 30% improvement. Nearly
three-fourths of participants reported at least 15% improvement
in neck disability, and more than half reported the same mag-
nitude of improvement in back disability. We report a range of
thresholds in the responder analysis of this study, because there
is some disagreement in the literature as to what constitutes clin-
ically important difference in the NDI (35,36) and ODI (32,37,38).
A change of 15% may represent a clinically meaningful improve-
ment among older adults experiencing chronic spine-related dis-
ability, especially given the relatively low cost and low risk of SMT
and SRE as interventions (31,39,40).

Maintaining good physical function is crucial for the elderly
to remain independent. At 36 weeks, those in the long-term
management group had significantly increased their score on the
SPPB compared to the short-term treatment group, by a degree
that could be considered medium in terms of meaningful change
(0.76 versus 0.14 points) (41). The Balance Test subscore
decreased slightly in the short-term group, whereas it increased
significantly in the long-term group (-0.03 versus 0.33).
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Table 3. Patient self-reported outcomes at baseline and change at weeks 12, 36, 52, and 78*

Short-term Long-term
Outcome measure and treatment management Mean
change from baseline (n=91) (n=91) difference P

Neck paint

Baseline 45(4.2,4.8) 47(4.3,5.1) -0.2(-0.7,0.3) 0.42

Week 12 -1.7(-2.1,-1.3) -1.3(-1.7,-0.9) -0.4(-0.9,0.2) 017

Week 36 -1.4(-1.8,-1.1) -2.1(-2.5,-1.7) 0.7(0.1,1.2) 0.02%

Week 78 -1.6(-2.0,-1.2) -1.9(-2.3,-1.5) 0.2(-0.3,0.8) 0.4
Back paint

Baseline 5.1 (4.7,5.4) 5.0(4.5,5.4) 0.1 (-0.5,0.7) 0.70

Week 12 -1.9(-2.3,-1.5) -1.4(-1.8,-1.0) -0.5(-1.1,0.0) 0.07

Week 36 -1.6(-2.0,-1.2) -2.0(-2.4,-1.6) 0.4(-0.2,1.0) 0.19

Week 78 -1.4(-1.9,-1.0) -1.7(-2.2,-1.3) 0.3(-0.3,0.9) 0.33
Medication use8

Baseline 3.0(25,3.6) 2.7(2.2,3.3) 0.3(-0.5,1.0) 0.50

Week 12 -0.6(-1.0,-0.1) -0.8(-1.2,-0.3) 0.2(-0.5,0.9) 0.55

Week 36 -0.5(-0.9,0.0) -09(-14,-0.5) 0.5(-0.2,1.1) 0.16

Week 78 -0.8(-1.3,-0.3) -0.3(-0.8,0.2) -0.5(-1.2,0.2) 012
Improvement(P

12 weeks 3.0(27,3.3) 3.4(3.1,37) -0.4(-0.8,0.0) 0.07

36 weeks 3.3(3.0,3.6) 3.1(2.8,3.4) 0.2(-0.2,0.6)  0.31

78 weeks 3.3(3.0,3.6) 3.3(3.0,3.5) 0.0(-04,04) 0.89
Satisfaction#

12 weeks 1.8(1.6,2.0) 1.8(1.6,2.0) -0.1(-0.3,0.2) 0.73

36 weeks 2.0(1.8,2.2) 1.8(1.6,2.0) 0.2(-0.1,0.5) 013

78 weeks 2.2(2.0,2.3) 2.0(1.8,2.2) 0.1(-0.2,0.4) 0.35
Kinesiophobia**

Baseline 34.5(33.4,35.6) 34.2(33.1,35.4) 0.2(-1.3,1.8) 0.77

Week 12 -3.1(-4.1,-2.2) -2.1(-31,-1.1) -1.0(-2.4,0.4) 014

Week 36 -2.5(-3.5,-1.5) -1.9(-2.9,-0.9) -0.6(-2.0,0.8) 0.39

Week 78 -2.2(-33,-1.2) -1.7(-2.7,-0.7) -0.6(-2.0,09 043
Self efficacy Tt

Baseline 49.0 (47.4,50.7) 46.3(44.2,48.3) 2.8(0.1,5.4) 0.04%

Week 12 3.1(1.6,4.6) 1.3(-0.2,2.7) 1.8(-0.3,3.9) 0.08

Week 36 14(-0.1,2.9) 3.6(2.1,5.1) -2.2(-4.3,-0.1) 0.04%

Week 78 0.9(-0.7,2.4) 2.6(1.1,5.0) -1.7(-3.9,0.5) 0.12
Quality of life (EQ-5D)$+

Baseline 0.8(0.8,0.8) 0.8(0.8,0.8) 0.0(-0.0,0.00 094

Week 12 0.0(0.0,0.7) 0.0(0.0,0.0) 0.0(-0.0,0.00 015

Week 36 0.0(0.0,0.7) 0.0(0.0,0.0) 0.0(-0.0,0.00 0.72

Week 78 0.0(0.0, 0.0) 0.0(0.0,0.0) 0.0(-0.0,0.00 092
Expectations for improvement§$

Baseline 24(23,26) 2.7(2.5,2.8) -03(-05,0.0) 0.03%

Week 12 0.6(0.3,0.8) 0.1(-0.1,0.3) 0.5(0.1,0.8) 0.01%

Week 36 0.9(0.7,1.2) 0.6(0.3,0.8) 0.4(0.0,0.7) 0.05%

* Values are the mean (95% confidence interval) unless indicated otherwise. EQ-5D = EuroQol 5-domain

instrument.

t Neck and low-back pain in the past week (0-10). Lower scores indicate less pain.

} Statistically significant pairwise comparison at <0.05.

§ Days of prescription or over-the-counter medication use during the past week (0 = have not taken any,
7 = every day).

[P 1 =no symptoms/100% improvement, 9 = as bad as it could be/100% worse.

# 1 = completely satisfied/couldn’t be better, 7 = completely dissatisfied/couldn’t be worse.

** Tampa Scale of Kinesiophobia (17-item instrument). Lower scores indicate lower levels of kinesiophobia.
t1 Pain Self-Efficacy Questionnaire (10-item instrument). Higher scores indicate stronger self-efficacy be-
liefs.

++ EQ-5D was used to determine participants’ general health. US population-based preferences were
used to calculate an index score. Higher scores indicate greater health status.

88 Measured by asking: “Three months from now, how do you expect your back and neck problem to
be?” (1 = no symptoms/100% improvement, 9 = as bad as it could be/100% worse.)

not shown). The change in neck disability is similar to the 8.4-point
improvement observed in a previous trial investigating the same

interventions in an elderly population during a 12-week period.
Differences in pain, however, were less than the 3-point change

Using the Oswestry and NDI instruments to measure disabil-
ity, we observed that improvements were generally larger for neck
pain than for low-back pain (-8.28 versus —5.13 for the whole
sample), and this finding was true for both men and women (data
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observed in that trial (20). Whether SRE and SMT combined are
genuinely more effective for chronic neck pain than for chronic
low-back pain in the elderly, or whether this finding is explained by
differences in responsiveness between the 2 disability instruments
cannot be elucidated from our data.

Originally this trial was designed to include a third arm,
which would have allowed us to assess the impact of adding
SMT to SRE. Redesign due to poor enrollment and funding
did not likely influence the results as reported here. Strengths
include a rigorous study design, including self-reported and
objective measures; standardized, yet pragmatic interven-
tions; and high follow-up rates. Limitations include the inability
to blind clinicians and participants due to the nature of the
interventions. While combining both neck- and back-related
disability into a single study population may create a more
heterogenous sample than either alone, doing so reflects the
phenomenon of spine-related disability for many patients and
how patients present for care. This trial did not differentiate
between specific effects of the intervention and contextual
effects, which may play a large role when treating patients
with chronic pain. However, the treatments as studied gener-
ally reflect how spinal manipulation and rehabilitative exercise
are delivered in clinical practice. Finally, while visits to nonstudy
health care providers was similar between groups, the impact
on the study results is unknown. Our study adds additional
support to evidence-based guidelines, which recommend that
manual treatment, along with general and specific exercises,
should be considered as first-line treatments for patients with
back and neck pain (15-18).

For adults ages >65 years with chronic back and neck dis-
ability, extending management with SMT and SRE from 12 to 36
weeks did not result in any additional important reduction in disa-
bility. Statistically significant differences in favor of long-term man-
agement were found for the secondary outcomes of self-reported
improvement in neck pain and self-efficacy, as well as functiona
measures of balance and physical performance. These findings
may be important for healthy aging and spine care in the elderly
and warrant further investigation.
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BRIEF REPORT

Increasing Rates of Arthroplasty for Psoriatic Arthritis in
the United Kingdom Between 1995 and 2010

Ryan T. Lewinson, Isabelle A. Vallerand, Jeremy M. LaMothe, Laurie M. Parsons, Alexandra D. Frolkis,
Mark W. Lowerison, Scott B. Patten, and Cheryl Barnabe

Objective. Arthroplasty requirements among patients with psoriatic arthritis (PsA) are not well known. This infor-
mation is important to clinical and policy stakeholders for health-system planning and may serve as a surrogate for
estimation of the efficacy of disease-modifying therapy.

Methods. We utilized The Health Improvement Network (THIN), a large general practice medical records database
in the UK, to assess rates of primary total arthroplasty among patients with PsA and the general population between
the years 1995 and 2010. Linear regression was used to estimate arthroplasty rates for the 2 cohorts during the study
period, and Poisson regression was used to determine age- and sex-adjusted incidence rate ratios (IRRs) between
the PsA and general population cohorts.

Results. We identified 5,619 patients with incident PsA and 5,090,814 eligible patients from the general popula-
tion between 1995 and 2010. In total, 187 primary total arthroplasties were documented in patients with PsA, and
80,163 primary total arthroplasties were documented in the general population. A trend of increasing arthroplasty
rates was observed for both the PsA (R® = 0.809; P < 0.0001) and general population (R* = 0.890; P < 0.0001) cohorts
during the study period. After adjustment for age and sex, patients with PsA had a first arthroplasty incidence rate
that was twice that of the general population (IRR 2.01 [95% confidence interval 1.73-2.34]; P < 0.0001), notably
beyond the year 2003 when biologic therapies were introduced.

Conclusion. Both the general population and patients with PsA have experienced increasing rates of first arthro-

plasty from 1995 to 2010, although the overall incidence rate was significantly higher for those with PsA.

INTRODUCTION

Psoriatic arthritis (PsA), a systemic autoimmune disease
with a prevalence estimated at 0.1-0.2%, is characterized by
progressive inflammatory arthritis (peripheral joints, axial disease,
or both), cutaneous psoriasis, and frequently with tendinopathy
(1). Inflammation results in degradation of joint structure, which
leads to long-term disability and mobility challenges. For many
years, the first-line therapy for patients with PSA were disease-
modifying antirheumatic drugs (DMARDs). Although DMARDs
have proven efficacy, in a subset of patients they have an insuf-
ficient effect or are not tolerated. The resulting uncontrolled
inflammation can contribute to severe joint destruction, with
patients occasionally having to undergo arthroplasty for symp-
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tomatic and functional reasons. Clinical outcomes for patients
with severe PsA have markedly improved and continue to do so
with the advent of new targeted biologic treatments and inten-
sive treatment strategies (2). However, arthroplasty may still be
required in advanced disease (3).

In contrast to rheumatoid arthritis (RA), another systemic
autoimmune disease of peripheral joints, rates of arthroplasty
among patients with PsA are not well reported or studied. This
is surprising, given that PsA tends to affect larger weight-bearing
joints compared to RA (1), and because PsA is associated with
obesity and other metabolic comorbidities, which are risk factors
for osteoarthritis (OA) (4,5). For RA, arthroplasty rates have been
used as a proxy for whether advanced medical therapy has con-
tributed to the prevention of advanced-stage disease (6,7), but a
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SIGNIFICANCE & INNOVATIONS

* From 1995 to 2010, the rate of first arthroplasty
increased for patients with psoriatic arthritis (PsA)
and in the general population.

+ The incidence rate of first arthroplasty was twice as
high in patients with PsA as compared to the gener-
al population.

* The higher incidence rates among PsA patients in-
cluded the years 2003-2010, when biologic thera-
pies were available.

similar study has not been done for PsA. The types of data that
are important for numerous stakeholders include data on patients
with PsA who have a vested interest in the musculoskeletal prog-
nosis of their condition, rheumatologists and dermatologists who
routinely manage patients with psoriasis and PsA, orthopedic
surgeons (because arthroplasty among patients with PsA carries
additional risks, given that they may be immunosuppressed in the
peri-surgical period and have a broken skin barrier) (3), and health
care systems that must consider medical and surgical treatment
costs.

Given the rarity of PsA and arthroplasty literature, we sought
to utilize a large nationally representative health records database
to investigate the rate of first arthroplasty among patients with PsA
between 1995 and 2010. We tested the null hypothesis that rates
of first arthroplasty would not differ between patients with PsA and
in the general population.

PATIENTS AND METHODS

Data source. This study used The Health Improvement
Network (THIN) as a data source. THIN is an electronic general
practice medical records database that contains long-term health
data from nearly 12 million individuals in the UK. The patients reg-
istered in THIN have similar age and sex distributions to the gen-
eral UK population (8,9), and thus estimates derived from THIN
data are likely to be representative of the population. While THIN
is a general practice database, data from specialists and hospi-
tals are often included in THIN, allowing for detailed long-term fol-
low-up in many patients. THIN has been used previously for the
study of PsA (10). Given the large number of patients in THIN with
long duration of follow-up, THIN is one of the only suitable data
sources to assess the risk of arthroplasty in PsA (a rare outcome
in a relatively rare disease).

Study population. THIN was used to identify individuals
from the years 1995 to 2010 who were between the ages of
20-90 years and diagnosed with incident PsA, using a one-year
washout period and Read codes that have previously been vali-
dated for PsA (10). The date on which the first Read code for PsA
appears for each patient was taken as their start date in the study.

A general population cohort without PsA between the ages of
20-90 years at their start date in THIN was also identified between
1995 and 2010. These data were utilized to estimate the rates of
arthroplasty between these cohorts over a 15-year period.

Outcomes. The primary outcome in this study was first
instance of primary total arthroplasty; however, patients were
followed until the first of the following events: 1) first instance of
primary total arthroplasty, 2) transfer out of practice, 3) death, or
4) end of data collection period. Arthroplasty was defined based
on the presence of eligible arthroplasty Read codes, which were
selected by an orthopedic surgeon (JML). Codes for revision or
conversion arthroplasty (i.e., conversion from hemiarthroplasty to
total arthroplasty), hip hemiarthroplasty (commonly for fractures),
Colonna arthroplasty (for developmental hip dysplasia) and exci-
sional arthroplasty were excluded to ensure focus was on primary
arthroplasty (because these other procedures have primary indi-
cations other than arthritis). Additionally, in order to ensure that
only incident codes for arthroplasty were considered, any patients
with codes that met the criteria for arthroplasty within 1 year
of the start date in THIN or with arthroplasty codes prior to the
code for PsA were excluded from consideration in the study. This
established temporality such that arthroplasty was only consid-
ered where it occurred after a diagnosis of PSA had been made.
We only considered first instance of primary arthroplasty, since
this presumably represents a failure to achieve sustained disease
control. We elected to not remove any individuals with an existing
Read code for OA in either cohort, on the basis that existing liter-
ature suggests that the prevalence of OA seems similar between
those with PsA and the general population (10,11). Consequently,
differences in arthroplasty rates between the groups could be
more likely attributed to PsA rather than differing OA rates.

Analysis. All analyses were performed using Stata, version
13.1 with an alpha level of 0.05. First, incidence rates were deter-
mined for arthroplasty on an annual basis within the PsA and gen-
eral population cohorts independently. Linear regressions were
conducted for the PsA and general population cohorts to assess
the relationship between the incidence rates of arthroplasty and
time. In order to compare incidence rates between the PsA and
general population cohorts, Poisson regression was used to
determine age (dichotomized based on >40 years or <40 years at
baseline) and sex-adjusted incidence rate ratios (IRRs) and corre-
sponding 95% confidence intervals (95% Cls) for arthroplasty over
time. Chi-square tests were used to assess differences in arthro-
plasty rates between patients with PsA and the general population
within each year. A sensitivity analysis was performed whereby
Vision Date in THIN (i.e., the date on which Vision software was
implemented in each medical practice for electronic data record-
ing) was utilized to mark patient start points in the study, rather
than the patient’s start date (i.e. date in which they joined a THIN-
affiliated practice) to ensure data entry was standardized. This
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Figure 1. Median age at first arthroplasty across study years for
both the psoriatic arthritis and general population cohorts. Error bars
show the median and interquartile range. The dotted lines represent
the linear regression line of best fit.

manuscript was prepared in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology statement
(12), with the Reporting of Studies Conducted using Observa-
tional Routinely-Collected Health Data extension (13). Data are
available with permission from IMS Health, UK and institutional
research board review.

RESULTS

We identified 5,619 patients with incident PsA (34,960
person-years follow-up) and 5,090,814 eligible patients from the
general population (44,126,860 person-years follow-up) between
1995 and 2010 for analysis. The median age at PsA diagnosis was
49.7 years (interquartile range [IQR] 18.8). In total, 187 patients
with PsA had first instance primary arthroplasties (77 cases for
hip, 99 cases for knee, 11 cases for other joints), and 80,163 first
instance arthroplasties were documented in the general popula-
tion (40,759 cases for hip, 34,410 cases for knee, 4,904 cases
for other joints, 90 cases where the patient had arthroplasty on
more than 1 joint). Patients with PsA were more likely (P < 0.0001)
to undergo first arthroplasty at a younger age (median 64.7 years
[IQR 16.7]) compared to the general population (median 70.2
years [IQR 14.3]). Over the course of the study, there did not
appear to be any trends in age at first arthroplasty (Figure 1).

Overall, trends of increasing first arthroplasty rates over
time were found for both the general population (R* = 0.890, P
< 0.0001) and the PsA cohort (R* = 0.809, P < 0.0001) during
the study period. From 1995 to 2010, the rate of first arthro-
plasty increased from 127/100,000 person-years to 438/100,000
person-years in the PsA group, and from 136/100,000 person-
years to 254/100,000 person-years in the general population. The
overall age- and sex-adjusted IRR for first arthroplasty in patients
with PsA was 2.01 (95% CI 1.73-2.34, P < 0.0001) compared to
the general population (Figure 2).

Our sensitivity analysis that utilized patient Vision Dates as
their start point in the study found largely similar but slightly less
conservative results, where first arthroplasty rates increased over
time for both the general population (R? = 0.987; P < 0.0001)
and the PsA cohort (R? = 0.891; P < 0.0001). Similarly, patients
with PsA were found to have a higher rate of first arthroplasty,
as determined by age- and sex-adjusted IRR for first arthroplasty
(IRR 2.44 [95% Cl 2.10-2.84], P < 0.0001).

DISCUSSION

Overall, we found an increasing trend in rates of first arthro-
plasty among patients with PsA and in the general population;
however, incidence rates for patients with PsA appear to have
increased to a greater degree compared to the general popu-
lation, mostly due to greater incidence rates from 2003-2010.
There are many possibilities to explain this finding, which are
outlined herein. The increased rate of arthroplasty in the general
population is in agreement with other research (14), often attrib-
uted to an aging population, and a similar mechanism could
explain a portion of the rise in incidence rates for the PsA popu-
lation; patients may be living longer with their disease and thus
more patients eventually go on to surgery.

One potential explanation for higher rates of first arthro-
plasty among the PsA group could be increased health care
utilization. In particular, patients with PsA may have a greater
need to see a physician regularly regarding their drug therapy
and disease activity. Thus, through heightened surveillance,
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Figure 2. The incidence rate (IRR; 95% confidence intervals [95%
Cl)) of arthroplasty increased for both the psoriatic arthritis (PsA)
cohort and in the general population cohort, from 1995 to 2010.
Due to the very large amount of person-time observed in each year,
confidence intervals appear very small for the general population
cohort. Evaluation of the overall age- and sex-adjusted IRR revealed
that the incidence rate of first arthroplasty among patients with
PsA was twice that of the general population (IRR 2.01 [95% CI
1.73-2.34]; P < 0.0001). *Significant difference in incidence rates by
chi-square test.
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patients with PsA could also be considered for surgery
earlier, potentially explaining the increase in arthroplasty rates
observed beyond 2003, when biologics were introduced. We
did not match our cohorts by health care utilization as we
endeavored to identify differences in the rate of first arthro-
plasty between PsA patients and the general population on
a population level, without restricting to only the sickest peo-
ple within the general population (i.e., those with the highest
health care utilization).

A paradoxical increase in surgeries may also have occurred in
the patients with PsA. For instance, etanercept and other biologic
therapies began receiving approval for PsA around 2003, and it
is possible that these modern treatments effectively modulated
disease symptoms. This could have resulted in the heightened
ability to observe joints not responding to therapy, and thus the
need for arthroplasty. Further, with better disease control and inhi-
bition of joint damage progression, PsA patients with advanced
disease may have been better candidates for arthroplasty (i.e.,
better disease control yields less risk of additional future surgeries
or lower surgical risk). In line with this, achieving control of PsA
could unmask underlying concurrent OA, making these patients
surgical candidates for OA, although this would not likely occur at
a greater rate in comparison to the general population (10,11). It
is also possible that following the introduction of biologic therapy
with aggressive treatment of PsA, perhaps surgical interventions
also came to be utilized more aggressively to achieve rapid dis-
ease control and symptom management.

Given that the time between the median age at PsA diag-
nosis and the median age at the time of surgery for PsA was
approximately 15 years, it is possible that the study period was
too short to detect a discernable reduction in arthroplasty rates
in those with PsA following the introduction of biologic therapy
and tight disease control-treatment paradigms in 2003. Addition-
ally, while it is possible that the recording of surgical data was not
adequately captured in the earlier years of THIN (just as overall
data availability and sample size is lower in earlier years of THIN),
this would be expected to occur nondifferentially and therefore
would not likely account for the relative rise in arthroplasty rates in
patients with PsA. Lastly, given that PsA is relatively rare and often
difficult to diagnose (3), it is possible that some cases of PsA were
misclassified, although again this would also be expected to occur
nondifferentially.

As noted from the above discussion, there are many possibili-
ties to explain why patients with PsA might be experiencing greater
increases in rates of first arthroplasty in comparison to the general
population. Certainly, focused assessments on each of these topics
will be needed over the next 10-15 years as more data becomes
available, to further elucidate the reasons why arthroplasty rates
for patients with PsA increased relative to the general population.
In particular, it will be important to gain further understanding on
rheumatologist and orthopedic surgeon clinical decision-making
patterns with PsA patients, and what aspects might trigger referral

and undertaking of arthroplasty. Moreover, with longer-term data
collection, it might be revealed whether arthroplasty rates may
soon decline for patients with PsA, stemming from the continued
use of biologics. Unfortunately, addressing these aspects are not
currently possible using the THIN database.

While we identified a large sample size from THIN, includ-
ing an appropriate number of PsA patients relative to the gen-
eral population, the total number of arthroplasties was lower
than previously documented (14). In the UK, it is reported that
nearly 150,000 arthroplasties are performed annually (15); how-
ever, this statistic considers all surgeries including primary total
arthroplasty, revision arthroplasty, and primary arthroplasty on
a contralateral limb in a patient who may have had a previous
surgery. In our study, we only considered the first instance of
primary arthroplasty, or “first surgery,” which accounts for our
lower observed total arthroplasty rate. Furthermore, the finding
that arthroplasty rates have increased over time in the general
population is consistent with other research (14), adding further
validity to our data.

This study is limited based on a relatively low number of
arthroplasty cases in patients with PsA, affecting the precision of
our estimates (as suggested by the slightly wider confidence inter-
vals in this study compared to other THIN studies), yet this study
includes one of the largest PsA cohorts considered in an ortho-
pedic surgery context. Based on low sample size numbers for
arthroplasty in the PsA cohort, stratification by potentially impor-
tant covariates such as DMARD/biologic use, obesity, and smok-
ing were not possible. While the data source (THIN) is UK data,
and health care practices may differ slightly in other countries, we
believe that the results are important to consider in a broader con-
text, given the magnitude of the database needed to address the
question of arthroplasty in PsA (a rare outcome in a relatively rare
disease). Indeed, few other data sources are available that could
address this question. Further work will be needed to understand
the generalizability of our results to other countries.

In conclusion, we identified that the incidence rate of first
arthroplasty in patients with PsA seems to have increased
between 1995 and 2010; however, the reasons for this increase
are not entirely clear. Further research and follow-up will be
necessary over the next 10-15 years for continued assessment
of the role of biologic treatments in prevention of the need for
arthroplasty.
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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 effort. The collegial nature of our specialty is
reflectedinthe ACR's mission statement: Toempower 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 reflects 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 benefit authors and readers. Among our first activities is
the introduction of an official 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 first Social Media Editor.
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