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Introduction

The idiopathic inflammatory myopathies, including adult and juvenile dermatomyositis (DM),
polymyaositis (PM), and inclusion body myositis (IBM), are rare systemic autoimmune diseases
that are characterized by chronic proximal muscle inflammation and weakness. In previous
decades, there were few commonly used outcome measures in myositis, and those outcome
measures were not validated. Thus, in the past the assessment of outcomes in therapeutic trials
was focused on non-standardized measurement of muscle strength and function only.

Over the last decade, however, two international collaborative groups, the International
Myositis Assessment and Clinical Studies Group (IMACS) and the Paediatric Rheumatology
International Trials Organisation (PRINTO), have defined consensus core set measures to
assess myositis disease activity and damage in adults and children and have begun to validate
and standardize these measures (1;2). IMACS and PRINTO have also developed preliminary
definitions of improvement, which can be used as outcomes for therapeutic trials. These
response criteria combine the core set activity measures to determine clinically meaningful
improvement (3;4). Our section on myositis assessment focuses first on these core set measures
of disease activity, quality of life (which is part of the PRINTO core set of activity, but a
separate assessment domain for IMACS), and disease damage. To date, most of the validation
data available for these core set measures are in patients with juvenile DM, with more limited
validation in adult patients with DM or PM. Despite these efforts, there are still important gaps
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in validation of these core set measures, and no validation studies have yet been performed in
patients with IBM, although they are now being used frequently in myositis therapeutic trials.

We end the chapter with tools that have been used primarily in research studies and a few
therapeutic trials, which have some supporting validation in certain subgroups of patients with
myositis. These tools are primarily organ-specific measures, including strength and functional
assessments and cutaneous assessment tools. Quantitative muscle testing and the IBM
Functional Rating Scale are the most commonly used instruments to assess patients with IBM,
and although they have little supporting validation in myositis, quantitative muscle testing has
been well validated in other myopathies and has been used frequently as an endpoint in
therapeutic trials for IBM.

Although the methods for the assessment of myositis patients have been limited in their scope,
great strides have been made in the last decade in the development of new partially validated
tools (see Table 1) and international multidisciplinary consensus in using these measures that
should enhance our understanding of the diverse effects of myositis on many organ systems
and the development of new therapies.

Physician and Patient/Parent Global Activity

General Description

Purpose—An overall rating of the disease activity related to myositis, defined as potentially
reversible pathology or physiology resulting from the underlying disease process (1).

Content—The physician global assessment of disease activity is to be judged by the physician
based on all the information available at the time of the evaluation, including the subject’s
appearance, medical history, physical examination, laboratory testing, and the prescribed
medical therapy. Adult patients or parents of children with myositis completing the patient/
parent assessments are asked to take into account all of the active inflammation in their own
or their child’s muscles, skin, joints, intestines, heart, lungs, or other parts of the body, which
can improve with treatment. Patients over 10 years of age might also be able to complete a
global activity assessment independent of their parents’ ratings (5). The global disease activity
score is recorded on a 10-cm visual analog scale (VAS), which is often anchored at the
endpoints and middle. For patients and parents, a smiley face is often included at the 0 cm
anchor and a sad face at the 10-cm anchor to improve understanding of the scale. A 5-point
Likert scale can also be used as an alternative to the VAS.

Number of items—One item, either a VAS or a Likert scale rating.

Response options—For the VAS rating, a score of 0 to 10 (down to 1 decimal place) is
used, and for the Likert scale, a Medical Research Council (MRC) grade of 0 (no disease
activity), 1 (mild disease activity), 2 (moderate disease activity), 3 (severe disease activity), or
4 (extremely severe disease activity). The 10-cm VAS may have better precision, sensitivity,
and specificity, but the two scales correlate highly (5).

Recall period for items—Scoring of the global disease activity requires that the activity be
assessed at present, although a recall period of up to 2—4 weeks for the components of global
disease activity is acceptable for stable patients who are assessed less frequently.

Endorsements—The physician global disease activity has been included as a core set
activity measure for patients with adult and juvenile PM, DM, and IBM by IMACS (5) and as
a core set activity measure for juvenile DM by the American College of Rheumatology
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PRINTO/(ACR)/European League Against Rheumatism (EULAR) (2). These measures are
also part of the preliminary response criteria for adult and juvenile DM and PM (4;6).

Examples of use—This score is used in myositis therapeutic trials and is now part of the
criteria for preliminary definition of improvement in myositis (3) and natural history studies,
particularly those validating new myositis assessment tools (2;7). Physician and patient/parent
global activity assessments are also used as part of the preliminary response criteria for adult
and juvenile DM and PM (3;4).

Practical Application

How to obtain—The physician and patient global activity assessment is available in
publications using this as an assessment tool, free of charge (5). The IMACS website (http://
www.niehs.nih.gov/research/resources/collab/imacs/diseaseactivity.cfm) also hosts copies of
these tools, including the grading scales and detailed instructions, along with example cases
and sample ratings as training materials for physicians.

Method of administration—The physician global assessment is completed by the physician
assessing the patient and includes factors in the subject’s appearance, medical history, physical
examination, laboratory testing, and the physician’s resultant medical therapy. The adult (or

teenage) patient or parent of a juvenile patient completes the patient or parent global activity
assessment during the clinic or study visit.

Scoring—A single score is derived by measuring the distance the vertical line is from the
left-hand side of the horizontal VAS. The length of the VAS should also be measured, so that
the score can be adjusted to a denominator of 10 cm. The Likert scale also results in a single
score. Scoring takes < 1 minute and is done by hand.

Score interpretation—o0 represents inactive disease, and higher scores represent more
severe disease activity. From one study of 115 juvenile patients with idiopathic inflammatory
myopathy (IIM) assessed by pediatric rheumatologists at baseline and at 4-6- and 7-9-month
follow-up evaluations, a Likert scale score of 0 (inactive disease) corresponds to a VAS rating
of 0.1 cm (95% CI, 0.0-0.2), a Likert scale rating of 1 (mild activity) corresponds to a VAS
rating of 1.5 cm (95% ClI, 1.3-1.6), a Likert scale rating of 2 (moderate activity) corresponds
to a VAS rating of 4.8 cm (95% Cl, 4.4-5.2), a Likert scale rating of 3 (severe activity)
corresponds to a VAS rating of 7.6 cm (95% Cl, 7.0-8.2), and a Likert scale rating of 4
(extremely severe activity) corresponds to a VAS rating of 9.2 cm (95% Cl, 7.9-10.4) (5).

Respondent burden—The time to complete a global activity assessment is under 1 minute.

Administration burden—The time to complete the physician global activity assessment is
< 1 minute, but this requires integration with other assessment measures to derive an overall
impression.

Translations/adaptations—The parent global activity has been used internationally in the
native languages of the patient (2;8). Physician global activity has been studied and used in all
subgroups of patients with myositis, including adult and juvenile PM, DM, and IBM. Patient
or parent global activity has been used in juvenile and adult DM and PM patients. Global
activity assessments have also been used in a number of other systemic rheumatic diseases.
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Psychometric Information

Method of development—Physician and patient global activity assessments were first used
in the assessment of and as core set activity measures and part of the response criteria for other
systemic rheumatic diseases, including rheumatoid arthritis and juvenile idiopathic arthritis.
They were then adopted and studied in myositis.

Acceptability—Missing data are not common, and floor and ceiling effects are not common.
There can be measurement error if physicians and patients/parents do not look at their previous
ratings as part of the determination of the current rating. Although the rating is based on a

collection of objective data, it is somewhat subjective and based on the experience of the rater.

Reliability

Internal consistency: In terms of internal reliability, Spearman correlation was excellent
(Spearman r = 0.89) for the correlation of the VAS to the Likert scale for physician global
disease activity, and the intra-class correlation coefficient (ICC) was 0.85 (P < 0.0001) (5).

Test-retest reliability: Not available.

Inter-rater reliability: In a study of pediatric rheumatologists assessing paper cases of
juvenile DM, the kappa coefficient for agreement in the Likert scale ratings of global disease
activity was 0.88 and Cronbach a was 0.99 (5). Physicians and patients or parents had relatively
poor agreement between their ratings (weighted kappa coefficients 0.33-0.34), whereas parents
and teenage patients had relatively good inter-rater reliability (weighted kappa coefficients
0.84) in a juvenile IIM natural history study (5).

Validity

Content validity: A group of pediatric rheumatologists reached consensus on 17 clinical
parameters that they considered very or extremely important in the determination of juvenile
DM global disease activity, 3 clinical parameters that were moderately important in their
formulation of global disease activity, and 9 variables that were unimportant to their rating of
global disease activity (5).

Construct validity: Most studies validating other measures of disease activity have examined
the construct validity of physician global activity with the measure whose validation was being
tested, and those studies will be discussed below under each of the other measures. For adult
DM/PM patients who were screened for therapeutic trials for refractory disease, physician
global activity correlated best with serum muscle enzyme levels (Spearman r = 0.6-0.7),
whereas for juvenile 1M, physician global activity correlated best with extra-muscular activity,
muscle strength, and physical function assessed by the Childhood Myositis Assessment Scale
(CMAS) and Childhood Health Assessment Questionnaire (CHAQ) (Spearman r = 0.6-0.7)
(8). Physicians’ and parents’ or patients’ global activity score correlated moderately (Spearman
r = 0.37-0.63), whereas parents’ and older juvenile patients’ ratings correlated moderately to
highly (Spearman r=0.57-0.84) in juvenile 1M patients (5). In astudy of juvenile DM patients,
the correlation of physician and parent global disease activity was moderate (Spearman r =
0.57) (2). Parent global activity also correlated moderately with other core set measures of
disease activity, including the CMAS, CHAQ), Disease Activity Score (DAS), and the physical
summary score of the Childhood Health Questionnaire (CHQ) (Spearman r = 0.42-0.65) (2).

Criterion validity: There is no gold standard upon which to assess criterion validity.
Sometimes the physician global activity is used to assess criterion validity in studies validating
other measures.
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Ability to detect change—In a juvenile 1M natural history study of patients, the
standardized response mean (SRM) for physician global activity was —0.71 for the Likert scale
and —0.62 for the VAS at 4 month follow-up, and after 8 months was —0.58 for both scales.
The SRM for parent global activity (-0.54) was similar to the physician global activity after 8
months. (5).

For juvenile DM patients who were close to diagnosis or in need of new therapy, the SRM at
6 month follow-up was 1.6 (95% CI, 1.4-1.8) for physician global activity and was 1.2 (95%
Cl, 1.0-1.4) for parent global activity, both assessed on the VAS (2). Both physician and parent
global activity ratings had good ability to discriminate between patients who improved and
those who did not improve by physician or parent ratings of responses to therapy (2).

For treatment-refractory adult DM/PM patients enrolled in trials of cytotoxic agents, the overall
SRM was —-0.51, but was —1.5 for the group of patients who met criteria for response.

A group of adult and pediatric rheumatologists and neurologists reached consensus that, for
patients with juvenile and adult DM/PM, the physician and patient/parent global activity score
should improve by = 20% to classify a patient as improved (6). An absolute value for the
minimal clinically important difference has not been determined.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The data demonstrate that physician and patient or parent global activity scores
are valid overall measures of disease activity and are considered integral in the evaluation of
myositis patients and are part of the core set of activity measures used by several international
collaborative groups. The requirement that the patient be assessed by an experienced clinician
reduces the likelihood of biases in reporting. The physician global activity score has good
content validity and reliability, and both measures have good construct validity and excellent
responsiveness in juvenile (ages 2—-18 years) and adult DM/PM patients. The two measures are
clearly distinct.

Caveats, cautions—To reduce variability, this measure requires training of the person
performing the assessment. The VAS scale may be slightly subjective and somewhat dependent
on the experience of the rater. Neither physician nor patient global activity assessments have
been formally validated in IBM.

Clinical usability—The measure should be useful in the assessment of myositis patients,
particularly for longitudinal monitoring. Looking at previous measurements in formulating
serial ratings is helpful to reduce measurement error. Patients >10 years of age may complete
a global activity assessment.

Research usability—Both physician and patient/parent global activity assessments are well
suited to use in research and are becoming widely used in myositis studies and therapeutic
trials. They are considered to be a core assessment of disease activity.

Manual Muscle Testing (MMT)

General Description

Purpose—To measure muscle strength as part of the physical examination. No additional
equipment is needed. The MMT has been widely used in myositis therapeutic trials and clinical
studies, previously as a primary endpoint (1) and more recently as part of a composite endpoint
of core set measures (3). MMT has been reported most often as a summary score of a total
number of proximal, distal, and axial muscle groups tested bilaterally or as a proximal score
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that sums a number of proximal muscle groups from the upper and lower extremities (1;6).
More recently, the MMT has been modified to a shorter version called the MMTS8, in which 8
proximal, distal, and axial muscle groups tested unilaterally closely approximate a total MMT
score of 26 muscle groups tested bilaterally (9).

Content—Both the modified MRC muscle strength scale and the Kendall grading scale are
used (1;6). The modified 0-10 point Kendall grading scale provides firm definitions, along
with plus (+) and minus (=) grades that provide an expanded scale. Muscle groups typically
chosen include a combination of proximal, distal, and axial muscle groups.

Number of items—In IBM studies, 28 muscle groups are usually studied bilaterally,
including shoulder abduction, elbow flexion and extension, wrist flexion and extension, hip
flexion and extension, knee flexion and extension, ankle dorsiflexion and plantar flexion, and
hip abduction. Neck flexion and extension are also tested (10). In PM, DM, and juvenile DM,
26 muscle groups are frequently tested (1;6) and include the above-listed muscle groups except
for elbow extensors, but often there is no standardization in the number of muscle groups used.
In some trials, only proximal MMT scores are reported, as proximal muscle groups are more
affected than distal muscles in PM and DM (9). Recently a subset of 8 muscle groups, including
the neck flexors, deltoids, biceps, wrist extensors, gluteus maximus and medius, quadriceps,
and ankle dorsiflexors, tested unilaterally was shown to have similar validity as total MMT
score; other sets of 8 proximal, distal, and axial muscle groups also performed equally well
(112).

Response options—The MRC grades were as follows: 0 = no contraction, 1 = flicker or
trace of contraction, 2 = active movement, with gravity eliminated, 3 = active movement against
gravity, 4 = active movement against gravity and resistance, and 5 = normal power. This scale
has been expanded to a 10-point scale in which the ability to resist against varying degrees of
pressure in the anti-gravity position or the ability to move through varying ranges of motion
in the gravity-eliminated position earns either a plus (+) or minus (=) in association with a
particular grade. The Kendall 0-10 point scale similarly provides an expanded scale by
assigning grades to hold the test position against varying degrees of pressure in the gravity-
eliminated position or grading the ability to move through full or partial range of motion in the
gravity-eliminated position (6).

Recall period for items—Scoring the MMT requires that the activity be performed at the
time the MMT is administered (i.e., no recall period).

Endorsements—The MMT has been included as a core set activity measure for adult and
juvenile PM, DM, and IBM by IMACS (1) and as a core set activity measure for juvenile DM
by the PRINTO/ACR/EULAR (2). Muscle strength testing, as assessed by MMT, is also part
of the preliminary response criteria for adult and juvenile DM and PM (4;6).

Examples of use—Myositis therapeutic trials (1;6) and natural history studies (12).

Practical Application

How to obtain—MMT is available in publications that have used it as an assessment tool,
free of charge (6). The IMACS website (http://www.niehs.nih.gov/research/resources/collab/
imacs/diseaseactivity.cfm) hosts a number of materials about MMT, including the grading
scales, detailed instructions, and training videos.

Method of administration—MMT is administered by a trained therapist or clinician while
observing the patient.
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Scoring—Each muscle group tested is scored by using either the modified MRC or Kendall
grading scale, depending on how much the muscle group can do in terms of moving against
gravity or against applied pressure. Scores for individual muscle groups range from 0-5 on the
MRC scale or 0-10 on the Kendall scale, which are ordinal grading scales. The scores are
summed for a total score or for subscores involving particular muscle groups (proximal, distal,
axial scores). Computer programming is not necessary. Missing muscle groups are deleted
from the value of the denominator, and the total score is adjusted to the new denominator, so
that the percentage of maximum can be obtained.

Score interpretation—Using the Kendall 0-10 scale, the total MMT score ranges from 0-
260 when 12 muscle groups are tested bilaterally along with two axial muscle groups. A
proximal score of 0-160 represents 8 muscle groups tested bilaterally; a distal score of 0-80
includes 4 muscle groups tested bilaterally on the Kendall sale, and an axial score of 0-20 tests
neck flexors and extensors. Normal strength is represented by a higher score at or near the top
of the scale. The following interpretations of the scores of individual muscle groups have been
used by researchers using the MMT to study myositis: a muscle group graded 0-3 on the
Kendall scale indicates severe weakness, grade 4—6 indicates moderate weakness, grade 7-9
mild weakness, and grade 10 indicates no detectable weakness (9). Validated cut-points and
the clinical meaning of MMT scores have not been established.

Respondent burden—If all items are attempted, the MMT can take 30-60 minutes to test
26-28 muscle groups. For the MMTS8, testing takes less than 5 minutes. For the weak patient,
the testing can be physically demanding and fatiguing, and in our clinical experience, it is
important to adequately rest such patients before performing the test.

Administration burden—The time it takes to administer the full MMT may be a limitation
in a busy clinic, and such testing is typically assigned to a physical therapist to perform in a
separate session. Scoring takes less than a minute and can be done by hand. Training in the
administration of the MMT is important, and can be obtained in local physical therapy or
rehabilitation medicine departments. Contributions to measurement error can include
inexperience of the examiner, improper positioning of the patient, bias in the application of
force or in grading, and inconsistent commands (6). Rheumatologists, for example, typically
score patients higher than experienced physical therapists.

Translations/adaptations—The MMT is used internationally. It has been studied and used
in all subgroups of myositis, including adult and juvenile PM, DM, and IBM. The MMT has
been used to assess strength in a variety of neuromuscular conditions.

Psychometric Information

Method of development—The MRC scale was developed by British physicians during
World War Il to grade strength after injuries. It was expanded and adapted to neuromuscular
research in the 1970s. The shift from the MRC scale to the Kendall grading scale occurred in
therapeutic trials of PM/DM in the 1990s, because researchers sought to increase the sensitivity
and specificity of the MMT by expanding the grading scale with clear definitions. The MMT
had been in widespread use in therapeutic trials but has been validated for myositis only
recently. The MMT8 was developed recently as a short form of the MMT that could be more
practically applied by physicians testing patients in the clinical setting.

Acceptability—Although the tool is administered by the therapist or clinician, missing data
can be common due to injury or joint contracture. If the data are absent due to an injury, they
can be treated as an intent-to-treat point. There are recognized ceiling effects, particularly with
known insensitivity of the MMT for grades > 3/5, where variations in the weight of patients’
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limbs and in the force applied by the examiner can result in discrepancies in detecting mild
weakness.

Reliability

Internal consistency: In terms of internal reliability, the Spearman correlation was excellent
for proximal MMT and MMT8 scores compared with the total MMT score in patients with
treatment-refractory adult PM/DM (Spearman r = 0.91-0.96) and 73 juvenile 1M patients from
a natural history study (Spearman r = 0.96-0.98) (11). Internal consistency, measured by
Cronbach a,, was also very good to excellent for total, proximal, and MMT8 scores, ranging
from 0.79 to 0.93 in adult DM/PM and 0.90 to 0.93 in juvenile 1IM (11).

Test-retest reliability: Inastudy of juvenile 1M patients who were evaluated by one pediatric
physical therapist in the morning and again in the afternoon, the Spearman rank correlation
coefficient for the total, proximal, distal, and MMTS8 scores for each pair were 0.84-0.95 (all
P <0.001) (11). For individual muscle groups, the Spearman rank correlation ranged from
0.70-1.0 (all P < 0.04) (13).

Inter-rater reliability: In a study juvenile DM patients, inter-rater reliability was very good,
with Kendall W ranging from 0.71-0.76 for total, proximal, and MMT8 scores (11;13). The
distal score had lower reliability (Kendall W of 0.51) (13). The reliability of individual muscle
groups varies and can be quite poor in distal and upper extremity proximal muscle groups
(Kendall W 0.04-0.76) (13); hence, it is important to use summary scores, particularly in
research studies.

In a study of adult DM/PM patients, the inter-rater reliability (assessed by an ICC > 0.65 or
the ratio of the estimates of the standard error attributable to the physicians to the standard
error attributable to the patients is < 0.4), was good for deltoid, biceps, quadriceps, gluteus
medius and maximus, and ankle, and was poor for the neck flexors and wrist extensors (14).

Validity

Content validity: In developing the MMTS8, a group of adult and pediatric rheumatologists
and physical therapists agreed upon three possible combinations of 8 proximal, distal, and axial
muscle groups that closely approximate a total MMT score and could be used in the clinic or
research settings for patients with juvenile and adult DM and PM (11).

Construct validity: In patients with juvenile DM/PM, total MMT, proximal MMT, and MMT8
scores correlated highly with physical function assessed by the CMAS (Spearman r = 0.70—
0.73), and moderately with physician global activity (Spearman r =0.49-0.54), functional
disability measured by the CHAQ (Spearman r = 0.59-0.64), and magnetic resonance imaging
(MRI) (a score reflecting an average of activity and damage) (Spearman r = 0.45-0.48). MMT
scores did not correlate significantly with serum muscle enzymes in patients with juvenile [IM
(112).

In patients with adult DM/PM, total MMT, proximal MMT, and MMT8 scores correlated
moderately with physical function measured by the Convery Activities of Daily Living Scale
(Spearman r = 0.59-0.70) and MRI (Spearman r = 0.43-0.50). Correlations with physician
global activity (Spearman r = 0.33-0.37) and creatine kinase (Spearman r = 0.34-0.38) were
mild but significant (11).

Criterion validity: There is no gold standard upon which to assess criterion validity.
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Ability to detect change—The SRM for total MMT was 0.56 in patients with juvenile DM/
PM and 0.75 in patients with adult PM/DM in patients re-assessed 4 months after baseline
evaluation (11). The relative efficiency for proximal MMT (relative to the SRM for the total
MMT score) was 0.98 in juvenile DM and 1.08 in adult DM/PM, and for the top MMT8 score
was 1.16 in juvenile DM/PM and 1.24 for adult DM/PM (11).

In a study of juvenile DM patients enrolled at diagnosis or requiring escalation of therapy and
assessed 6 months later, the SRM for total MMT was 1.2 (95% Cl, 0.9-1.4) (2). Total MMT
was also noted to have good discriminant validity (2).

A group of adult and pediatric rheumatologists and neurologists have reached consensus that
MMT should improve by = 15% to classify an adult DM/PM patient as improved and should
improve by > 18% to classify a juvenile DM/PM patient as improved (6). An absolute value
for the minimal clinically important difference has not been determined.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The data demonstrate that MMT is a valid measure of strength, which is
considered an integral assessment in the evaluation of myositis patients and part of the core
set of activity measures by several international collaborative groups. The requirement that the
patient is assessed by an experienced clinician reduces the likelihood of biases in reporting.
MMT does not require any special equipment, except for a plinth or table on which the subject
can lie flat. MMT has good to excellent reliability when used as a score that sums a number of
muscle groups. It has good construct validity and excellent responsiveness in juvenile (ages
4-18 years) and adult DM/PM. It is also widely used to assess patients with IBM.

Caveats, cautions—To be performed appropriately and to reduce variability, training is
required of the person performing the test. Subjects will need to be placed in positions that will
be difficult for them to achieve as their weakness progresses. MMT also has decreased
sensitivity and specificity in detecting mild weakness. The total MMT takes a long time to
administer, but the MMTS, a subset of 8 muscle groups that performs similarly to the total
score, is a good substitute in the busy clinical setting. MMT cannot reliably be used to assess
children <5 years of age, who have limited ability to cooperate. Like other measures of strength
and function, MMT does not discriminate between activity and damage and may diminish in
sensitivity and specificity as an activity measure for patients who are farther along in their
illness course with accumulated damage and progressive muscle atrophy. The MMT is
frequently used but has not been formally validated in IBM.

Clinical usability—For some clinicians, the time required for administration limits the
usefulness of the MMT in the clinical context; however, the MMT8 is more usable in the clinical
setting. Many clinicians have found the MMT extremely useful for longitudinal monitoring of
myositis patients.

Research usability—The MMT is well suited to use in research and has been widely used
in myositis studies. Concerns about ceiling effects may mean that it should be used with caution
in patients with milder disease and that it will not be sensitive to change in patients with
longstanding disease and a lot of muscle atrophy. Resources need to be invested to train a health
care provider to perform these studies for a clinical trial.
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Health Assessment Questionnaire (HAQ)/Childhood Health Assessment
Questionnaire (CHAQ)

General Description

Purpose and examples of use—The Stanford HAQ is a brief self-report questionnaire
assessing physical function pertaining to activities of daily living in a variety of domains
(15). Originally developed for use in rheumatoid arthritis, it has been successfully applied to
a variety of rheumatic conditions, including 1M (16;17).

A modified version of the HAQ has been used, which includes a variety of transitional questions
intended to improve the responsiveness of the original tool (18). Although the modified HAQ
has been used in myositis (19), there is little specific data regarding its psychometric properties
in myositis.

The Childhood Health Assessment Questionnaire (CHAQ) was adapted directly from the HAQ
and was first published in 1994 (20). It was initially used in children with arthritis, but
subsequently it has been evaluated in a variety of pediatric illnesses, including juvenile 1IM
(21;22). Its brevity and simplicity make it useful for longitudinal monitoring of children with
juvenile 11M in the clinic setting.

General information on the HAQ and CHAQ are covered in other chapters in this volume
(chapters 1 and 9), and only myaositis-specific information is discussed here.

Endorsements—The HAQ has been included as a core set measure by IMACS (1), and the
CHAQ has been endorsed as a core set activity measure by both IMACS (1) and PRINTO for
(8) juvenile 1IM. These instruments are also part of the preliminary response criteria for adult
and juvenile DM and PM (4;6).

Examples of use—The HAQ and CHAQ have been used as part of myositis natural history
studies, and recently have been incorporated as measures of physical function in myositis
therapeutic trials (23-25).

Practical Application

How to obtain—The HAQ and CHAQ are available from the original publications free of
charge (15;20). Itis also available from a variety of internet sites, including the IMACS website
http://www.niehs.nih.gov/research/resources/collab/imacs/diseaseactivity.cfm.

Psychometric Information

Acceptability—The HAQ and CHAQ are brief, and the language is generally at an
appropriate level. It is not uncommon for respondents to neglect to complete the sections on
the use of aids or assistance to complete tasks. It is recognized that the HAQ and CHAQ have
significant floor effects in all applications (patients with no or mild physical dysfunction cluster
near 0).

Reliability

Internal consistency: The HAQ has not been formally assessed in adult IIM. In juvenile 1IM
patients, item-total correlations ranged from 0.35 to 0.81 by Spearman r (all P < 0.0001), with
only 4 items with a Spearman r < 0.50 (21). Each domain of the CHAQ also correlated well
with the total score (Spearman r = 0.59 to 0.84) (21).

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.


http://www.niehs.nih.gov/research/resources/collab/imacs/diseaseactivity.cfm

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

Page 11

Test-retest reliability: The HAQ has not been formally assessed in adult IIM. The ICC was
0.87 for a group of juvenile 1M patients with <10% change sphygmomanometry of the left
hip abductor on consecutive visits (22). For patients with <10% change in VAS of overall
illness severity, the ICC was 0.96 (22).

Intra- and inter-rater reliability: Not applicable.

validity

Content validity: The HAQ and CHAQ have not undergone assessment of content validity in
adult or juvenile 1IM.

Construct validity: The HAQ has not been formally evaluated. However, in a longitudinal
cohort study of patients with PM, DM, or overlap myositis, muscle strength measured by MMT
correlated moderately with the HAQ (r = -0.61, P < 0.0001) and mildly but significantly with
physician global disease activity (r = 0.28, P=0.009) (23). The HAQ also correlated moderately
with subscales of the SF-36, including the physical function, role function, body pain domains,
and role emotional domains (r = 0.42-0.71) (23). In a study validating the Myositis Activities
Profile (MAP) for adult DM/PM, a tool to assess limitations of physical activities in 1M
patients, the HAQ had a Spearman r = 0.70 with the MAP (24). In a study of adult DM/PM,
the HAQ was shown to correlate significantly with muscle strength testing on the MRC grading
scale and with the Henriksson and Sandstedt measure of functional disability (P < 0.01,
correlation not provided), but not with isokinetic muscle strength testing (19). The HAQ
correlated mildly but significantly with Patient Global Activity (Pearson r = 0.34).

In patients with juvenile 1M, the CHAQ correlated moderately with physician global illness
severity VAS (Spearman r = 0.71, P < 0.002) and with hip abduction and shoulder abduction
sphygmomanometry (Spearman r = -0.57, P < 0.002, and —0.51, P < 0.01, respectively)
(22)., Correlations were lower for knee extension and grip strength sphygmomanometry
(Spearman r = -0.40, P = 0.05, and —0.079, P > 0.20, respectively), as expected (22).

In juvenile IIM, the CHAQ correlated strongly (Spearman r > 0.7) with the CMAS; moderately
(Spearman r =0.4-0.7) with physician global disease activity and physician global skin disease
activity (by 10-cm VAS), MMT, Steinbrocker functional class, VAS for patient/parent global
overall health, illness severity, and muscle symptoms, and the DAS; and weakly (Spearman r
< 0.4) with physician global disease damage and skin disease damage (2,21). In another study
of juvenile I1IM patients, the CHAQ showed good correlations with hand-held dynometric
muscle strength testing (partial correlation adjusted for age = —-0.72, P < 0.01) (25). In a study
of MRI in juvenile DM, the CHAQ correlated well with T2 relaxation time (Pearson r = 0.49—
0.58, P <0.001) (26).

The CHAQ correlated moderately with the total and muscle severity scores of the Myositis
Damage Index (MDI) (Spearman r = 0.45-0.48, P < 0.0001) in juvenile 1IM patients with a
median disease duration of 6.8 years (27).

Criterion validity: Although not formally assessed for criterion validity, HAQ scores increase
over time in cohort studies of adult DM and PM patients (16;23). HAQ scores are higher in
patients who previously developed avascular necrosis or a compression fracture (16) and in
patients with a chronic continuous or polycyclic illness course, osteoporosis, or who have a
longer disease duration (23).

Ability to detect change—Data are not available for the HAQ. However, for the CHAQ,
in juvenile 1M patients enrolled at diagnosis, the responsiveness coefficient was 0.90 (22).
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For juvenile I1M patients with an improvement of >1 cm on the 10-cm VAS for physician
global disease activity over 2 evaluations spanned by 7-9 months, , the SRM and effect size
(ES) were 0.87 and 0.67, respectively (21). The CHAQ showed an SRM of 1.3 in juvenile 1M
patients judged by the treating physician to have improved over 6 months (2). The change in
CHAQ scores correlates highly with change in the Physical Summary Score (PhS) of the CHQ
(r=-0.73) (28).

A group of adult and pediatric rheumatologists and neurologists have reached consensus that
physical function should improve by = 15% to classify a patient as improved for patients with
adult and juvenile DM/PM (6). An absolute value for the minimal clinically important
difference has not been determined.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The HAQ and CHAQ measure physical function, a domain of considerable
importance to 11M patients and their health care providers. The tools are brief, take little time,
no equipment, and minimal training to administer. They can be used in a variety of contexts
(clinic, mail, internet, or phone) and are available in a variety of languages (29). They have
been used extensively for a variety of illnesses. Finally, given that they are completed by the
patient, parent, or caregiver, they have the advantage of being patient oriented. The CHAQ has
good reliability and excellent construct validity and responsiveness in patients with juvenile
(ages 2-18 years) and adult DM/PM.

Caveats, cautions—From a development point of view, it is not clear that the HAQ or
CHAQ have undergone rigorous attempts to ensure content validity in patients with adult and
juvenile 1IM. Like other measures of strength and function, the HAQ and CHAQ do not
discriminate between activity and damage and may have poor sensitivity and specificity as a
measure of activity for patients with moderate to severe damage, including patients who have
muscle atrophy and fixed joint contractures. From an interpretation point of view, the biggest
problem with the HAQ and CHAQ is the floor effect. As patients improve and approach mild
physical dysfunction, scores cluster near 0, and there is little room to document further
improvement (21). The CHAQ has been extensively validated in juvenile IIM. Data on
validation of the HAQ in adult patients with DM/PM are incomplete, mainly confined to limited
construct and criterion validity, and the HAQ has not been studied in IBM.

Clinical usability—There are limited data to support the use of the HAQ in I1IM, particularly
to assess disease activity, although it still may be useful. The CHAQ appears to have good
reliability, validity, and responsiveness, making it a useful aid in guiding clinical decisions. Its
simplicity, brevity, and ease of scoring minimize both administrative and respondent burden,
facilitating its routine use in the clinic.

Research usability—There are limited data on construct validity and criterion validity for
the HAQ in adult DM/PM, although it still may be useful. The documented reliability, validity,
and responsiveness of the CHAQ support its use in research. As in the clinical situation, its
simplicity, brevity, and ease of scoring minimize use of research resources. As noted, the floor
effect may limit its usefulness in some research (e.g., involving patients with milder or more
chronic disease).
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Childhood Myositis Assessment Scale (CMAS)

General Description

Purpose—The CMAS is an observational, performance-based instrument that was developed
to evaluate muscle strength, physical function, and endurance in children with juvenile 1IM
(30;31). First published in 1999, it has not been revised or updated.

Content—Items of the CMAS were chosen to explicitly include upper and lower extremity
muscle groups, axial and limb muscle groups, simple and compound movements, and timed
items to evaluate endurance. The tool is purposefully weighted towards lower extremity
proximal and axial muscle groups more than upper extremity and distal muscle groups to reflect
the pattern of weakness in juvenile myositis (9). The tool is not divided into specific domains.

Number of items—The CMAS consists of 14 items, with no subscales.

Response options—Specific scoring options are provided for each item, depending on
whether the activity can be performed and how much difficulty is required. The endurance
items are categorized into ordinal scale scores.

Recall period for items—Scoring of the CMAS requires that the activity be performed at
the time the CMAS is administered (i.e., no recall period).

Endorsements—The CMAS has been included as a core set activity measure by both
IMACS (1) and PRINTO (2) for juvenile IIM. The CMAS (or alternatively the MMT) is also
part of PRINTO’s preliminary response criteria for juvenile DM for the evaluation of muscle
strength (4).

Examples of Use—The CMAS has been used in validation and natural history studies (2;
12;32-34) and is currently being used as a core set or ancillary outcome measure in several
juvenile and adult DM/PM therapeutic trials.

Practical Application

How to obtain—The CMAS is available from the original publication free of charge (31). It
is also available from a variety of web resources, including the ACR website (http://
www.rheumatology.org/practice/clinical/pediatric_assessments/cmas.pdf) and the IMACS
website (http://www.niehs.nih.gov/research/resources/collab/imacs/diseaseactivity.cfm),
along with detailed instructions and a training videotape.

Method of administration—The CMAS is administered by a trained therapist or clinician
while observing the patient.

Scoring—Each item of the CMAS is scored depending on whether the activity can be
performed and how much difficulty it requires. Scores of individual items range from 0-2 to
0-6 depending on the item. The CMAS can be easily scored by hand.

Score interpretation—The total CMAS score ranges from 0-52, with 52 representing
normal or near-normal strength, function, or endurance. Age-and gender-related normal values
for children ages 4-9 years have been published for 9 of the items, which document that younger
children might not be able to reach a score of 52 (4). Validated cut-points have not been
established. However, as part of a consensus process, it was agreed that values <15 represented
severe disease (32). In another publication, using a process that compared CMAS values to
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CHAQ scores, values corresponding to no, mild, mild-to-moderate, and moderate impairment
were 48, 45, 39, and 30, respectively (30).

Respondent burden—Assuming that all items can be attempted, the CMAS takes 15-20
minutes to complete. Some of the activities may be challenging for the weak child, and the
overall assessment can be physically demanding for some.

Administration burden—The approximately 15 minutes it takes to administer the CMAS
may be a limitation in a busy clinic. Scoring takes < 1 minute and can be done by hand. Training
in the administration of the CMAS is preferred. Proper equipment is needed to complete the
entire test, including access to a step stool and chairs of appropriate height. Access to a watch
with a second hand is needed, and a floor mat is helpful for the comfort of patients completing
items performed on the floor.

Translations/adaptations—None available at present. The CMAS has been validated and
studied in juvenile 1M patients. There have been no studies to date in adult myositis patients,
although unpublished experience suggests the CMAS can also be used in adult myositis patients
(Rider LG, unpublished).

Psychometric Information

Method of development—The 14 items of the CMAS were taken from and/or adapted from
two unpublished clinical tools used by authors of the original CMAS publication (31). In this
process, items from the two tools were reviewed by a group of pediatric rheumatologists, as
well as a physical therapist and a physiatrist. Through consensus, and observation of children
with juvenile 1IM attempting candidate items, the resulting 14-item tool wasarrived at.
Development of the scoring of each item was not described (31).

Acceptability—Although the tool is administered by the therapist or clinician, missing data
can be common in children < 5 years of age because of limited ability to cooperate. Inability
to complete a task is scored as 0. There are recognized ceiling effects (little change as children
approach normal strength).

Reliability
Internal consistency: Not available.

Test-retest reliability: For juvenile 1IM patients evaluated by trained assessors who evaluated
the same patients in the morning and again in the afternoon, the Pearson correlation coefficient
for the total scores for each assessor pair ranged from 0.97-0.99 (all P < 0.001) and was 0.98
for the overall correlation of all assessors (31).

Inter-rater reliability: In juvenile 1M patients evaluated by 2 assessors, the ICC of the total
score was 0.89 (very good) (30). In patients with juvenile IIM evaluated by 12 assessors,
Kendall W for each item ranged from 0.77-1.0 (all P < 0.001) and was 0.95 for the total score
(31).

Validity
Content validity: This has not been formally assessed in juvenile 11M.

Construct validity: Inchildren with juvenile 1M, the CMAS correlated highly with the CHAQ
and total MMT score (Spearman r = -0.73 and 0.73, respectively, P < 0.0001) and moderately
with physician global disease activity, physician skin activity, and parent disease severity, as
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well as serum creatine kinase, and prednisone dose (Spearmanor Pearson r = -0.44 to —0.61,
P <0.0001) (30,31). Correlations with MRI muscle edema and damage were moderate
(Spearman r = —-0.48 to —0.57), and correlations with serum levels of enzymes were low but
often significant (Spearman r = -0.11 to —0.36). Correlations with 10-cm VAS for physician
global disease damage and physician skin disease damage were appropriately low (Spearman
r=-0.15to —-0.02, P > 0.01) (30).

Finally, in an international study of juvenile IIM, the CMAS correlated moderately with the
DAS (Spearman r = —0.54), 10-cm VAS of parent overall disease severity (Spearman r =
-0.56), and physical summary score of the CHQ (Spearman r = 0.61) and correlated highly
with the CHAQ (Spearman r = -0.71) (2).

Criterion validity: Not available.

Ability to detect change—In children with juvenile I1M, re-assessed 7-9 months later, the
overall SRM was 0.42 (95% Cl, 0.21-0.63) (30). When those children with a 0.8-cm
improvement in physician global disease activity were considered, the SRM was 0.89 (95%
Cl, 0.53-1.09) (30). Finally, in children with juvenile IIM, enrolled at diagnosis or requiring
an escalation of therapy and re-assessed 6 months later, the SRM was 1.4 (95% Cl, 1.2-1.5)

@).

A group of adult and pediatric rheumatologists and neurologists have reached consensus that
measures of physical function should improve by = 15% to classify a patient as improved for
patients with juvenile and adult DM/PM (33). An absolute value for the minimal clinically
important difference has not been determined.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The data demonstrate that the CMAS is a valid measure of strength, physical
function, and endurance, which are of great importance to patients, families, and care providers.
The requirement that the child being assessed is observed reduces the likelihood of biases in
reporting. This instrument has excellent reliability, construct validity, and responsiveness in
juvenile myositis for patients ages 4 — 18 years.

Caveats, cautions—Some clinicians believe that the CMAS takes too much time to
administer. There are some concerns about ceiling effects. Appropriate training is necessary
to reduce variability in assessments. The CMAS is difficult to assess in the youngest children
with limited ability to cooperate. Like other measures of strength and function, the CMAS does
not discriminate between activity and damage, and it may have poor sensitivity and specificity
as a measure of activity for patients with moderate to severe damage, including patients who
have muscle atrophy and fixed joint contractures. The CMAS has been validated and studied
in juvenile 1IM but not in other myositis subgroups.

Clinical usability—For some clinicians, the time required for administration limits the
usefulness of the CMAS in the clinical context. However, others have found the CMAS
extremely useful, particularly for longitudinal monitoring of patients.

Research usability—The CMAS is well suited to use in research. Concerns about ceiling
effects may mean that it should be used with caution in patients with milder disease.
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Myositis Disease Activity Assessment Tool (MDAAT)

General Description

Purpose—The MDAAT is a tool that assesses disease activity of extra-muscular organ
systems and muscle to assess patients with adult and juvenile DM, PM, and IBM. The MDAAT
is a combined tool that includes the Myositis Disease Activity Assessment VAS (MYOACT)
and the Myositis Intention to Treat Activities Index (MITAX). The MYOACT is a series of
physician’s assessments of disease activity in various organ systems using a VAS to assess the
severity of activity that has been modified from the Vasculitis Activity Index (35), and the
MITAX is based on an intention-to-treat approach and modified from the British Isles Lupus
Assessment Group (BILAG) approach to assess disease activity in lupus (36). The tool was
published in 2003 (14) and updated in 2008, wherein items from the MITAX that were rarely
scored were removed, glossary definitions clarified, and the criteria for scoring interstitial lung
disease altered (37). The key issue in relation to MITAX is to ensure that the items recorded
are, in the view of the physician, actually due to the active myositis and not due to disease
damage, to another unrelated disease process, or a side effect of medication.

Content—The MITAX assesses specific manifestations in 7 organs/systems, including
constitutional, cutaneous, skeletal, gastrointestinal, pulmonary, cardiac, and muscle. The
MYOACT VAS consists of a 10-cm VAS for each organ system to score the overall severity
of activity in each and a global extra-muscular VAS.

Number of items in scale—For the MYOACT, each organ system has a single VAS; a
global extra-muscular activity VAS is also scored. The VAS scales are anchored at the
endpoints and midpoint. For the MITAX, 3-9 items consisting of symptoms/physical findings
or laboratory abnormalities are assessed in each of the 7 organs/systems.

Response options/scale—For the MYOACT, the scores range from 0-10 cm. For the
MITAX, each question is answered 0 = not present; 1= improving; 2 = the same; 3 = worse; 4
= new.

Recall period for items—Within 4 weeks.

Endorsements—Extra-muscular activity has been considered by IMACS to be a core set
activity domain, and the MDAAT is considered a validated tool to assess this domain in patients
with adult and juvenile DM/PM (6). The MDAAT (either MYOACT or MITAX) is accepted
by PRINTO as a core set measure to assess the core set domain of global disease activity tool
(2). The extra-muscular activity from the MYOACT or MITAX is part of the preliminary
criteria for response for adult and juvenile DM/PM (4;6).

Examples of use—The MDAAT has been used in natural history studies with the purpose
of validating the tool (14;37), in studies examining disease activity (38), and as an outcome
measure in therapeutic trials for adult and juvenile DM/PM.

Practical Application

How to obtain—The paper version is available at no cost. The tool is posted on the IMACS
website (http://www.niehs.nih.gov/research/resources/collab/imacs/diseaseactivity.cfm),
along with slide sets for the cutaneous section and sample cases for training in scoring. The
British Lupus integrated program (BLIPs) package, which includes activity measures for both
lupus and myositis, can be obtained from Gordon Hamilton (gordon.hamilton@limathon.com
or Limathon@aol.com) (39). The cost of the computer version depends on the type of usage
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(commercial or academic). For further information about MITAX, please contact Professor
David Isenberg (d.isenberg@ucl.ac.uk).

Method of administration—Clinician-completed, in-person administration based on
history and examination.

Scoring—For the MYOACT, scores for each organ system and the extra-muscular global
activity are derived by measuring the distance the vertical line is from the left-hand side of the
horizontal VAS. The length of the VAS should also be measured, so that the score can be
adjusted to a denominator of 10 cm. For the MITAX, each clinical feature is recorded using a
scale of 0—4, where 0 = not present, 1 = improving, 2 = the same, 3 = worse, and 4 = new. This
score is then converted by a scoring schema to a final score, ranging from A to E, for each
system, where A indicates very active disease requiring treatment with high-dose daily
corticosteroids or a significant immunosuppressive therapy; B indicates a need for modest
doses of corticosteroids and/or ongoing immunosuppression; C indicates a need for low-dose
steroid or symptomatic drugs only; D indicates that the system is no longer active, and E
indicates that the system was never active. Each organ system receives only a single A-E score
(which can be numerically converted to A= 9, B =3, C = 1, D/E = 0 to obtain a global score)
based on the score of the most severe item in that organ system. There has been work that has
reassessed the scoring in lupus that may impact the scoring of the MITAX in the future (40).
The tool can be scored by hand, but the BLIPs computer package can be obtained to convert
the clinical assessments and provide the MITAX score.

Score Interpretation—For the MYOACT, each organ system is scored 0-10, and the 6
extra-muscular organ systems can be summed to obtain an extra-muscular score of 0-60, or a
total score that includes the muscle system that ranges from 0-70. For the MITAX, the organ
system scores are summed to obtain a total MITAX score with a range of 0-63, or 0-54 when
the muscle system is excluded. The MITAX A-E organ system scores are intended to
correspond with therapeutic choices for the patient, based on their level of disease activity.
Normative data are not available.

Respondent burden—Not applicable.

Administration burden—A complete history and physical examination are needed. To
assess a patient in remission or close to remission takes < 5 minutes. For a patient with a
complex condition and who is not well known to the physician, it can take up to 15-20 minutes.
For scoring, the BLIPs program can be run in clinic or at a later time in approximately 5-7
minutes. Hand scoring may take a few extra minutes. Training using the resources on the
IMACS website is helpful but not required.

Translations/adaptations—Only an English language version is available for both the
paper and computer versions. The measure was developed and validated specifically for
patients with inflammatory muscle disease, particularly for adult and juvenile DM/PM,
although it should also be applicable to patients with IBM.

Psychometric Information

Method of development—The MITAX and MYOACT tools were developed from the
BILAG for lupus and the Vasculitis Activity Index. Study evaluation forms from the Juvenile
DM Disease Activity Study Group were used to develop the content of the subscales and some
of the items, including adoption of elements of the Cutaneous Assessment Tool to the cutaneous
organ system. The draft versions of the MITAX and MYOACT, including the glossary, were
commented on and further refined by more than 75 members of IMACS using a Delphi
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approach. Two inter-rater reliability exercises using adult and juvenile DM/PM patients were
performed, which resulted in further refinement to the tool based on ease of use and
understanding of the experienced adult and pediatric specialists who participated (14). During
the course of a large multi-center study of adult DM/PM patients, the tool was further refined
to improve the criterion validity (37).

Reliability

Internal consistency: In a natural history study of adult DM/PM patients to validate the
MDAAT, correlation between the MYOACT and MITAX instruments for the individual organ
systems was good, with correlation coefficients ranging from 0.80 to 0.94 (37).

Test-retest reliability: Not available.

Inter-rater reliability: In the initial study of adult DM/PM patients assessed by 7 raters, the
reliability was considered good (with an ICC of > 0.65 or the ratio of the estimates of the
standard error attributable to the physicians to the standard error attributable to the patients <
0.40) for each of the organ systems of the MYOACT and MITAX, except for the constitutional
system using the MITAX and the total MITAX score (14). Pediatric rheumatologists assessed
juvenile DM patients, and the inter-rater reliability was also generally good, except for the
skeletal system of the MITAX (6). The reliability studies were performed with prior training
in the use of the tool and in the assessment and scoring of myositis activity.

The reliability was demonstrated in a two-phase study of adult myositis patients evaluated in
7 centers and subsequently in patients re-evaluated in two centers by two physicians at each
center. The ICC (95%) confidence interval was = 0.6, in 5 of the 7 organ systems of the
MYOACT and MITAX, as well as the total MITAX score, indicating generally good rater
agreement. The mucocutaneous system of the MYOACT had the poorest inter-rater reliability
(ICC =0.205) (37).

Validity

Content validity: Content validation is described further under the section above entitled
Method of development.

Construct validity: From a large study of adult patients with DM/PM, the total MITAX score
correlated moderately with physician global activity (Spearman r = 0.69). The muscle
MYOACT score also correlated moderately with the serum creatine kinase level (Spearman r
= 0.61) (37). In a separate study, the arthritis MYOACT and MITAX scores correlated
moderately with Jol autoantibody titers, as a surrogate measure of disease activity (Spearman
r = 0.39-0.42), and mildly but significantly with the muscle MYOACT and MITAX scores,
as well as the total MITAX score (Spearman r = 0.30-0.37) (38). In a study of juvenile 1IM
patients and studies of treatment-refractory adult DM/PM patients, the MYOACT extra-
muscular global activity score correlated moderately with other core set measures of disease
activity, including physician global activity, MMT, CMAS, and CHAQ (Spearman r = 0.29-
0.54) (6).

Criterion validity: The criterion validity of the tool was measured by comparing the MITAX
A score to the gold standard, defined as starting or increasing disease-modifying therapy in
patients with adult DM/PM. The overall sensitivity and specificity in obtaining an A score on
the MITAX index was 86% overall, with a specificity of 92%. The positive predictive value
for a MITAX grade A score was 67% overall (37).
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Ability to detect change—In a study of juvenile DM patients who were close to diagnosis
or in need of disease-modifying therapy, the MYOACT extramuscular global activity score
had an SRM of 1.3 (95% Cl, 1.1-1.5). The SRM for the total MITAX score was 1.2 (95% ClI,
1.0-1.3). In this same study, the MYOACT extramuscular global activity score and the total
MITAX score showed good discriminant validity, between patients who were rated as
improved versus those who had not improved at 6-month re-evaluation (2). In treatment
refractory adult DM/PM patients enrolled in therapeutic trials, the SRM was —0.4 but improved
to —1.2 in patients who met the criteria for therapeutic response (6).

A group of adult and pediatric rheumatologists and neurologists have reached consensus that
extra-muscular activity should improve by = 20% to classify a patient as improved in patients
with juvenile and adult DM/PM (6). An absolute value for the minimal clinically important
difference has not been determined.

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—The MDAAT, consisting of the MYOACT and the MITAX, provides the only
in-depth disease activity score that captures a variety of organ systems that comprise extra-
muscular involvement. The muscle system as part of the full tool also comprises an integrated
disease activity tool. Both the MITAX and MYOACT have excellent content validity, with a
large amount of input in their development from myositis researchers and based on reliability
study data. They also have good inter-rater reliability, moderate construct validity, and
excellent responsiveness in adult and juvenile DM/PM patients (ages 2 — 18 years).

Caveats, cautions—The tool has been criticized by clinicians less experienced with
myositis as being difficult to understand and score. However, in essence, the tool facilitates
clinicians’ asking their patients a comprehensive series of questions related to their disease,
recording the symptoms as absent, better, same, or worse compared to the previous month.
Training and experience with myositis patients clearly improve the reliability. Examination of
previous MYOACT scores should reduce measurement error on serial evaluation. The VAS
scale may be subjective and somewhat dependent on the experience of the rater. Although the
MDAAT is recommended for use in patients with IBM, it has not been formally validated in
this subgroup.

Clinical usability—The criterion validity of the MITAX A score supports use in the clinical
setting. The time to administer the tool would not be much greater than a routine clinical
assessment, but the burden is greater in complex patients or in patients with whom the physician
lacks familiarity.

Research usability—The psychometric properties support its use in research studies and
therapeutic trials. Training in the administration and scoring of the tool is important to improve
reliability.

The Disease Activity Score (DAS)

General Description

Purpose—The DAS was developed to assess overall disease activity in juvenile DM (41,
42). The tool assesses muscle and cutaneous manifestations, including vasculopathic features,
based on bedside clinical assessment.

Content—The DAS consists of 19 items, resulting in a score of 0-20: 10 items are scored
dichotomously (the indicator is present or not) and 3 polychotomously (rating severity level
or extent to which the indicator is present). In addition to the total score, it is also possible to
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report the DAS skin score (range 0-9) and the DAS muscle score (range 0-11) separately.
According to the authors, the approximately equal contribution of items relating to muscle and
skin reflects their equal importance in the disease pathophysiology.

Number of items, response options, and scoring—The presence or absence of
weakness is assessed via 8 variables: neck flexor muscles, abdominal muscles, upper extremity
proximal muscles, lower extremity proximal muscles, Gower’s sign, abnormal gait, difficulty
swallowing, and nasal speech. Functional status consists of a 4-point scale, ranging from
normal function to severe limitations in daily life functions. The presence or absence of
vasculitis is assessed by determining the presence of any 1 of the following: eyelid erythema,
eyelid vessel dilation, eyelid thrombosis, nailfold erythema, nailbed telangiectasia, dilation of
blood vessels on the palate, and “other” vasculitis. The presence of rashes are rated using
polychotomous scales: the distribution of the involved skin is rated on a 4-point scale, ranging
from none to generalized, while the severity of skin involvement is rated on a 5-point scale,
ranging from absent to severe. Gottron’s papules are rated on a 4-point scale, ranging from
absent to severe including evidence of atrophic lesions (which usually disappear entirely but
can sometimes flare).

Recall period for items—The DAS refers to the status of the patient, as assessed by a trained
health professional, on the day of the clinic visit. There is no recall period.

Endorsements—The DAS has been endorsed by PRINTO (8) as one of the 6 core set disease
activity measures to be used to evaluate response to therapy in juvenile DM (2;4;43). Although
the DAS has not been endorsed by IMACS as a core set measure, the group has recommended
that it be included in future studies assessing outcomes and outcome measures for adult and
juvenile myositis (http://www.niehs.nih.gov/research/resources/collab/imacs/main.cfm). The
DAS, as a global disease activity tool, is also part of PRINTO’s preliminary response criteria
for juvenile DM (4).

Examples of Use—The DAS has been used in validation and in natural history studies of
juvenile DM, and has been incorporated as an endpoint in therapeutic studies (2;41-44).

Practical Application

How to obtain—The DAS is published and can be used free of charge for not-for-profit
studies (42). The tool is also publicly available on the IMACS website (http://
www.niehs.nih.gov/research/resources/collab/imacs/main.cfm), along with instructions for
administering the tool and training materials for the skin assessment.

Method of administration—Clinician-completed in-person administration.
Administration burden—No information is available on the time to complete the
questionnaire, but based on clinical use it takes 5-15 minutes to complete. The DAS can be

completed by a physician or an allied health professional with adequate training.

Scoring—The total score ranges from 0-20, with skin subscore 0-9 and muscle subscore 0-
11.

Score interpretation—A higher score indicates more active disease. Although normative
data are not available, a normal score would be 0.

Translations/adaptations—None available at present. The DAS has been studied in
patients with juvenile DM but not in other subgroups of patients with myositis.
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Psychometric Information

Method of development—The DAS was developed at the Juvenile Myositis Clinic at
Northwestern University Medical School’s Children’s Memorial Hospital (Chicago, Illinois)
with the goal to rapidly assess how each child’s clinical status has evolved over time (41).

Acceptability—The questionnaire is simple and easy to score. No specific information on
the rate of missing data is available. However in the PRINTO study, it was possible to calculate
to DAS score in 99.3% of 275 patients (2).

Reliability

Internal consistency: The DAS produces a reliable estimate of disease activity (person
separation = 2.80 compared with the criterion of 2.00) that distinguishes at least 3 distinct strata
of disease activity in the sample: high, average, and low. The separate skin and weakness
measures were less reliable, suggesting that both components are needed to adequately measure
disease activity (41). Although the ratings across items were internally consistent, differences
in practitioner sensitivity and specificity to individual disease activity indicators were found
(42).

Inter-rater reliability: Using cutoffs of 0.40 and 0.20 to identify good and marginal
agreement, respectively, 6 of the items for which coefficients could be estimated had good
agreement, 6 had marginal agreement, and 4 had poor agreement as estimated by kappa
coefficients (41). For most cases (approximately 80%), the estimated disease activity measures
were essentially the same across different physician raters. This result was confirmed by a
Pearson correlation coefficient of 0.79 between the two estimates of disease activity for each
patient (41).

Test-retest reliability is not available for juvenile DM.

Validity

Content validity: The fit of the DAS items to the disease activity construct is within acceptable
levels (fit statistic values <1.30). Additionally the relationship between measures of muscle
strength and weakness is strong and negative (r = —0.77) with more strength (as rated by
therapists using MMT) being highly associated with less weakness (as rated by physicians
using the DAS). The relationship between measures of disease activity and disability is weak
(r=10.20 (41).

Construct validity: The Spearman correlation coefficients for the baseline-to-6-month-
change in the DAS with the remaining 5 PRINTO/ACR/EULAR juvenile DM core set
measures (physician’s global activity assessment, CMAS, CHAQ, parent’s global assessment
of the patient’s overall well-being, and CHQ PhS) were in the moderate range (Spearman r =
0.410 0.6) (2). The DAS correlated moderately with other core set measures of disease activity
(Spearman r = 0.42—-0.6) (2). The DAS skin score, but not muscle score, correlated weakly
with periungual capillary loss (end row loops Spearman r = —0.36) as well as with serum levels
of muscle enzymes (42).

Criterion validity: There is no gold standard by which to establish criterion validity.

Ability to detect change—In the PRINTO study of juvenile DM, in a population requiring
the initiation of new therapies, the SRM of the DAS was 1.7 (95% Cl, 1.5-1.9) (2). The DAS
demonstrated significant ability to discriminate among patients who improved or did not
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improve at 6 month follow-up based on the physician’s or parent’s assessment of the child’s
response to therapy (2).

In the final logistic regression model of the PRINTO juvenile DM core set measures’ ability
to predict improvement, the physician’s global assessment of the patient’s overall disease
activity and the DAS appeared to be the strongest predictors of response to therapy, with odds
ratios of 3.4 (95% Cl, 1.5-7.4) and 3 (95% Cl, 1.4-6.5), respectively (2).

In a study of juvenile DM patients seen in follow-up, periungual nailfold capillary dropout was
moderately associated with the skin DAS score (B = —0.159, P <0.0001) and more modestly
associated with the muscle DAS score (B = —0.044, P <0.0001) (44).

The minimal clinically important difference has not been established for juvenile DM.

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—The DAS evaluates muscle weakness and skin disease activity, in particular both
erythematous and vasculopathic rashes, in patients with juvenile DM. The DAS has been
established as one of the 6 juvenile DM core set of measures of disease activity established by
PRINTO, asit is a disease-specific global tool (8). The DAS was selected for use as a core set
measure because of its superior responsiveness to clinically important change (and minor
skewness) compared with the MYOACT and MITAX; moreover, the DAS was the only index
that used the entire range of possible scores (median score at baseline 12; range 0-20). The
DAS has good internal consistency and construct validity, and excellent responsiveness, but
moderate to poor inter-rater reliability in patients with juvenile DM (ages 2—18 years).

Caveats, cautions—Several areas of the DAS are noteworthy for potential problems: the
muscle weakness and function component, like all other measures of weakness and function
in myaositis, consists of a combination of both activity and damage indicators, which may have
poor sensitivity and specificity as an activity measure for patients with moderate to severe
damage. Atrophic skin rashes are similarly scored, yet are considered a measure of damage
rather than activity. The DAS does not capture involvement of all organ systems and has been
studied in patients with juvenile DM, but not in other myositis subgroups.

Clinical usability—While the DAS is relatively simple to use with training and has overall
good psychometric properties in patients with juvenile DM, the clinical meaning of scores has
not yet been established, making this tool difficult to apply to the care of individual patients.

Research usability—The DAS has been well validated for juvenile DM and given its
psychometric properties and ease of use with training, it is appropriate for use in the research
setting. The clinical meaning of DAS scores and clinically meaningful change in scores have
yet to be established in the context of therapeutic trials (43). Studies of the DAS are needed in
other myositis subgroups.

Short Form 36 (SF-36)

General Description

Purpose—The Short Form 36-question health survey (SF-36) is a widely used tool that
assesses the global medical quality of life, functional health, and well-being of general and
specific populations. The SF-36 is covered in detail under Section I11, Health Status and Quality
of Life, Chapter 1, Adult General, for further information. This section will cover only
information on the SF-36 that is specific to myositis.
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Endorsements—The SF-36 has been proposed by IMACS (http://www.niehs.nih.gov/
research/resources/collab/imacs/abouttools.cfm) as an important patient-reported outcome
measure to be used to evaluate response to therapy in all forms of myositis (1).

Examples of use—The SF-36 has been used in several small natural history studies of PM,
DM, amyopathic DM, overlap myositis, and IBM (23;45-47) and in two exercise studies of
PM and DM (48;49).

Practical Application

Translations/adaptations—The SF-36 is now available in many different languages (for
details email info@iqola.org). The SF-36 has been studied in a limited way in relatively small
numbers of patients with adult PM, DM, amyopathic DM, overlap myositis, and IBM, but it
has been extensively studied in many other chronic diseases. The SF-36 is not recommended
for use with children.

Psychometric Information

Reliability—Data are not available in myositis.

Validity
Content validity: None available in myositis.

Construct validity: In adult PM, DM, or overlap myositis, the physical functioning domain
of the SF-36 correlated highly with the HAQ disability index (r = -0.71), whereas the HAQ
correlated moderately with other domains of the SF-36, including role function, bodily pain,
and emotional domain (r = —0.42 to —0.52). MMT scores, but not physician global activity,
correlated moderately with SF-36 physical functioning, role functioning, and bodily pain (r =
-0.27 to —0.57) (23). For patients with IBM, the physical functioning domain of the SF-36
correlated strongly with MMT, timed stand, timed walk, and the Amyotrophic Lateral Sclerosis
Functional Rating Scale (46). In patients with adult DM or amyopathic DM, SF-36 subscales,
including physical functioning, role functioning, physical, bodily pain, and general health
correlated mildly to moderately with physician global activity (Pearson r = 0.30-0.42), and the
social functioning, role functioning, emotional and mental health domains of the SF-36
correlated more strongly with the Skindex emotion subscale (Pearson r = 0.52-0.63). There
was also a moderate negative correlation between grip force and the SF-36 health-related
quality of life dimensions vitality and mental health in women with DM and PM (Spearman r
=0.48 to -0.53) (47). .

Criterion validity: In several studies from different countries, the SF-36 overall scores, and
most or all of the 8 domain subscores, were significantly lower in patients with adult DM, PM,
and IBM than in the general population. The physical functioning and role functioning domains
were particularly impaired in myositis patients (23;45-47). Patients with chronic progressive
illness had significantly greater bodily pain than those with relapsing-remitting illness (45).

Ability to detect change—Responsiveness statistics not available in myositis.

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—The SF-36 is a widely used and easily administered tool that is available in many
languages. It has shown evidence of content, concurrent, criterion, construct, and predictive
validity in many different chronic diseases, and extensive normative data are available. It is
also recommended by IMACS as an important measure to assess patient-reported outcomes in
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all forms of adult idiopathic inflammatory myopathy. It has good construct and content validity
in adult DM, PM, and IBM patients, and is not applicable to children with 1IM.

Caveats, cautions—The major drawbacks of the SF-36 are its limited use to date in myositis
and the inconvenience and cost associated with obtaining a license to use it. Additional studies
in all myositis subgroups are needed to more fully validate the tool and understand its role in
assessing quality of life in myositis, particularly the reliability and responsiveness of the SF-36.
The availability of recent variations of the SF-36, including the SF-36 version 2, the SF-12,
and SF-8, complicates the decision of which version to use in a given study.

Clinical and Research usability—The SF-36 is easily administered to patients and is
easily scored, making it appropriate for both clinical and research use. However, its cost may
limit its use. The lack of data on responsiveness in myositis patients is a limitation for its use
in myositis therapeutic trials.

The Child Health Questionnaire (CHQ)

General Description

Purpose—The CHQ, originally developed in the United States in 1996, is a generic
instrument, administered to both parent and child, designed to capture the physical, emotional,
and social components of health status in children 5-18 years of age (50). As a generic
questionnaire it can be used across different childhood conditions, and it has also been validated
for use in juvenile DM (28). The general content of the tool was discussed in other sections of
this edition (see Section I, Pathology and Symptoms, Chapter 9 on Juvenile Idiopathic Arthritis,
and Section |11, Health Status and Quality of Life, Chapter 3 on Pediatric Health Status
Measures); hence, only information specific to myositis will be discussed here.

Content—The CHQ consists of 14 health concepts: global health (GGH), physical
functioning (PF), role/social limitations—emotional/behavioral (REB), role/social limitations
—physical (RP), bodily pain/discomfort (BP), behavior (BE), general behavior (GBE), mental
health (MH), self-esteem (SE), general health perception (GH), parent impact—emaotional
(PE), parent impact—time (PT), family activities (FA), and family cohesion (FC). In addition,
there are 2 summary measures, the physical summary score (PhS) and the psychosocial
summary score (PsS).

Endorsements—The CHQ PhS has been selected by PRINTO (www.printo.it) (51) as a
core set of measures to be used to evaluate response to therapy in juvenile DM (2;4;8). The
CHQ, as an assessment of health-related quality of life, is also part of PRINTO’s preliminary
response criteria for juvenile DM (4). IMACS has proposed that health-related quality of life
is an important patient-reported outcome measure to be used to evaluate response to therapy
in all forms of myositis (1).

Examples of Use—The CHQ has been used in validation and in natural history studies of
juvenile DM (2;28).

Practical Application

Translations/adaptations—The CHQ is now available in 70 different languages (for
details see www.healthactchg.com), with 32 versions cross-culturally adapted and validated
by PRINTO (29;52). The CHQ has been studied in patients with juvenile idiopathic arthritis,
juvenile DM, and other chronic childhood diseases. Because it is a pediatric tool, the CHQ is
not appropriate for use in adult myositis subgroups.
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Psychometric Information

Method of development—Data regarding psychometric issues are extensively reported in
the CHQ manual and can also be found in the supplement published by PRINTO (29;52) for
each of the 32 validated translations. The psychometric properties of the CHQ have been
established mainly for juvenile idiopathic arthritis and are discussed in this edition in Section
I, Pathology and Symptoms, Chapter 9 on Juvenile Idiopathic Arthritis, and Section 111, Health
Status and Quality of Life, Chapter 3 on Pediatric Health Status Measures. However data were
further confirmed in a study that investigated the change over time of health-related quality of
life (HRQOL) in patients with active juvenile DM, as measured by the CHQ.

To appropriately evaluate the underlying framework and psychometric properties of the CHQ,
PRINTO used item scaling multi-trait analysis software. Since the main validation analysis
was conducted when the original English versions of the CHQ (28) were developed in the
United States, the PRINTO revalidation of the questionnaire was set up as “confirmatory,”
meaning that the PRINTO results were considered successful if they were equal to or superior
to the results published for the original American English version of the CHQ.

Acceptability and Reliability—This has not been assessed in juvenile DM.

Validity

Content: In a study by PRINTO, the mean CHQ PhS and PsS were significantly lower in
juvenile DM patients than in healthy children (33.7 + 11.7 versus 54.6 + 4.1, and 45.1 + 9.0
versus 52 + 7.2, respectively) with physical well-being domains being the most impaired. In
addition, both PhS and PsS decreased with increasing level of disease activity, muscle strength,
and inversely correlated with the parent’s evaluation of the child’s overall well-being. The
study also showed that a CHAQ score >1.6 (OR 5.06), child’s overall well-being score >6.2
(OR 5.24), and to a lesser extent muscle strength and alanine aminotransferase level were the
strongest determinants of poorer physical well-being at baseline, whereas baseline disability
and longer disease duration were the major determinants for poor physical well-being at follow-
up (28).

Construct validity: In terms of content validity, the CHQ correlates strongly with CHAQ
(Spearman r = —0.73) and moderately with CMAS (Spearman r = 0.61) and other core set
measures of disease activity (Spearman r =-0.42 and —0.58 with physician and parent global
activity and DAS, respectively) in juvenile DM (2).

Criterion validity: There is no gold standard by which to establish criterion validity.

Ability to detect change—Responsiveness was tested specifically in juvenile DM, in which
patients with active disease who needed to increase therapy were assessed at baseline and after
6 months. The SRM of the PhS of the CHQ in this PRINTO study was 1.0 (95% Cl, 0.9-1.2)
whereas that of the CHQ PsS was 0.5 (95% Cl, 0.3-0.6) (2). The PhS of the CHQ did not have
significant discriminant validity to separate juvenile DM patients whose disease was
considered to be improved after initiation of new therapy from those whose disease did not
improve (2).

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—One of the 6 components of the juvenile DM core set established by the ACR/
EULAR/PRINTO is the evaluation of the domain Health-Related Quality of Life, and the PhS
of the CHQ has been suggested as a possible tool for evaluating that domain (other tools might
also be used).
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The CHQ has good content and construct validity and responsiveness in large studies of
juvenile DM for children ages 2—18 years.

Caveats, cautions—The major limitations of the CHQ are its length and the fact that the
parent version is mainly used for clinical research because the child version is too long to be
used in research or clinical settings. Several other HRQOL scales are available for use in
children with pediatric rheumatic diseases (53;54); however, most of them have remained
essentially research tools and are not routinely administered in most pediatric rheumatology
centers. There is a degree of redundancy between the PhS of the CHQ and the CHAQ, as both
are measures of physical function, although the CHQ has a broader construct in assessing
HRQOL more generally (2).

Clinical usability—The psychometric evaluation would support interpretation of scores to
make decisions for individual patients. One of the reasons that this instrument is not commonly
incorporated in standard clinical care is its length and complexity.

Research usability—The psychometric evaluation supports use of the CHQ for research
studies of juvenile DM. The administrative and respondent burden may limit its use. Studies
for other myositis subgroups are needed.

Physician Global Damage

General Description

Purpose—An overall rating of the disease damage related to myositis, defined as persistent
changes in anatomy, pathology, physiology, or function, such as fibrosis, scarring, or atrophy,
resulting from any cause (including prior treatment) since the onset of the myositis. Features
of damage, or the pathology that led to the feature, must be present for at least 6 months despite
immunosuppressive or other therapy, including exercise and rehabilitation (1).

Content—The global assessment of disease damage is to be judged by the physician based
onall the information available at the time of the evaluation, including the subject’s appearance,
medical history, physical examination, laboratory testing, and the prescribed medical therapy.
The global disease damage assessment is completed on a 10-cm VAS, which is often anchored
at the endpoints and middle.

Number of items—One item, either a VAS or a Likert scale rating.

Response options—For the VAS rating, a score of 0 to 10 (down to 1 decimal place) is
used, and for the Likert scale an MRC grade of 0 (no disease damage), 1 (mild disease damage),
2 (moderate disease damage), 3 (severe disease damage), or 4 (extremely severe disease
damage). The 10-cm VAS may have better precision, sensitivity, and specificity, but the two
scales highly correlate (5).

Recall period for items—The global disease damage score is based on a current assessment,
although a recall period of up to 2-4 weeks for the components of global disease damage is
acceptable.

Endorsements—The physician global disease damage has been recommended to be
included in the assessment of damage for adult and juvenile patients with PM, DM, and IBM
by IMACS (1) and achieved consensus to be included as a core set measure of disease damage
for patients with juvenile DM by PRINTO (8).
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Examples of use—Natural history studies, particularly those validating the MDI and other
damage assessments (27;34), as well as several myositis therapeutic trials that have recently
completed enroliment.

Practical Application

How to obtain—The physician global damage assessment is available in publications using
this as an assessment tool, free of charge (5). The IMACS website (http://www.niehs.nih.gov/
research/resources/collab/imacs/diseasedamage.cfm) also hosts copies of these tools,
including the grading scales and detailed instructions, along with example cases and sample
ratings as training materials for physicians.

Method of administration—The physician global damage assessment is completed by the
physician assessing the patient and includes factors involving the subject’s appearance, medical
history, physical examination, laboratory testing, and the prescribed medical therapy.

Scoring—A single score is derived by measuring the distance of the vertical line from the
left end of the horizontal VAS. The length of the VAS should also be measured, so that the
score can be adjusted to a denominator of 10 cm. The Likert scale also results in a single score.
Scoring takes < 1 minute and is done by hand.

Score interpretation—o0 represents inactive disease, and the higher the score the more
severe the disease damage.

Respondent burden—Not applicable.

Administration burden—The time to complete the physician global damage assessment is
< 1 minute, but this requires integration with other assessment measures to derive an overall
impression.

Translations/adaptations—The physician global damage assessment has been used
internationally in the native languages of the patient and examiner (8;34). Physician global
damage has been studied and used in adult and juvenile DM/PM, as well as a number of
systemic rheumatic diseases.

Psychometric Information

Method of development—~Physician global damage assessment was first used in the
assessment of other systemic rheumatic diseases, including systemic lupus erythematosus and
systemic vasculitis. It was then adopted and studied in myositis.

Acceptability—Missing data are not common, and floor and ceiling effects are not common.
There can be measurement error if physicians do not look at their previous ratings as part of
the determination of the current rating. Although based on the collection of objective data, the
rating itself is subjective and based on the experience of the rater.

Reliability

Internal consistency: Regarding internal reliability, Spearman correlation was excellent
(Spearman r = 0.89) for the correlation of the VAS to the Likert scale for physician global
disease damage, and the ICC was 0.85 (P < 0.0001) (5).

Test-retest reliability: Not available.
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Inter-rater reliability—In a study of pediatric rheumatologists assessing paper cases of
juvenile DM, the kappa coefficient for agreement with the Likert scale ratings of global disease
damage was 0.76 and Cronbach a was 0.98 (5).

Validity

Content validity: In validating the physician global activity, pediatric rheumatologists reached
consensus that 4 variables (calcinosis, muscle atrophy, functional assessment, and joint
contractures) were extremely important in the determination of juvenile DM global disease
damage and that 16 clinical parameters were unimportant or mildly important in the assessment
of damage (5).

Construct validity: In in a natural history study of juvenile DM/PM patients, the physician
global damage assessment strongly correlated with the Total Extent and Severity of Damage
in the MDI (Spearman r = 0.79-0.88) (27). In the same study, which also examined treatment-
refractory adult DM/PM patients, the physician global damage assessment moderately
correlated with the Total Extent and Severity of Damage in the MDI (Spearman r = 0.42-0.82)
(27).

Criterion validity: There is no gold standard upon which to assess criterion validity.
Sometimes the physician global damage is used to assess criterion validity in studies validating
other measures of damage.

Ability to detect change—In the juvenile 1IM natural history study who were re-assessed
8 months after study entry, the SRM for physician global damage was poor at 0.02 for the
Likert scale and 0.14 for the VAS scale (5).

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The data demonstrate that physician global damage is a reliable measure of
damage, with some content and construct validity in juvenile (ages 2 — 18 years) and adult DM/
PM patients, and as expected, it has little responsiveness over a relatively short period of time
(8 months).

Caveats, cautions—To reduce variability, this measure requires training of the person
performing the assessment. The VAS scale may be subjective and somewhat dependent on the
experience of the rater. Physician global damage has not been formally validated in IBM, and
the validation data in DM/PM are limited.

Clinical usability—The measure should be useful in the assessment of myositis patients,
particularly for longitudinal evaluation of patients over several years. Examination of previous
measurements in formulating serial ratings should help reduce measurement error.

Research usability—Physician global assessment of damage is well suited to use in research
and is becoming widely used in myositis long-term outcome studies and therapeutic trials. It
is considered a core assessment of disease damage.

The Myositis Damage Index (MDI)

Purpose—The MDI scores damage, which is defined as persistent or permanent change in
anatomy, physiology, and function that develops from previously active disease, complications
of therapy, or other events (1). The MDI is patterned after the Systemic Lupus International
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Collaborating Clinics/ACR Damage Index (SDI) (55;56) and is intended to be used in patients
with adult and juvenile DM, PM, and IBM.

Content—It measures specific manifestations in 11 organ systems. The MDI also includes a
series of VAS to quantify damage severity in a given organ system. The MDI is structured for
both pediatric and adult patients, and certain items are scored solely in each population.

Number of items in scale—There are 11 separate VAS ratings, which constitute the MDI
Severity of Damage scale. Individual items are assessed by the MDI Extent of Damage scale.
There are 35 items in children, 37 in adolescents, and 38 in adults. There are also 16 optional
items that require additional testing, which constitute the MDI Extended Damage scale.

Response options/scale—The 10-cm VAS scales are anchored at the endpoints and the
midpoint. Each of the 11 organ systems has 3—6 items scored as present or absent.

Recall period for items—To receive a positive score, each item must be present for at least
6 months (or the pathology that led to the feature must have been present for at least 6 months)
despite prior immunosuppressive or other therapy. Only items present since date of diagnosis
are included.

Endorsements—The MDI was developed by IMACS and is endorsed by IMACS to measure
damage as an important outcome to be assessed in myositis research studies and therapeutic
trials (1). PRINTO has included the MDI as part of the preliminary core set of disease damage
measures for the assessment of juvenile DM (8).

Examples of use—The MDI has been used in validation studies (14;27;57), as well as in
long-term outcome studies (12;34;58;59).

Practical Application

How to obtain—The MDI is available on the IMACS website (http://www.niehs.nih.gov/
research/resources/collab/imacs/diseasedamage.cfm) and as part of the original publication
(14). There is no cost associated with use of the paper version. The questionnaire is also
available as part of the BLIPs software (39). The computer version is available from Gordon
Hamilton (gordon.hamilton@limathon.com or Limathon@aol.com), with an associated cost
for commercial use.

Method of administration—Clinician-completed, in-person administration.

Scoring—~For the VAS, scores for each organ system are determined by measuring the
distance the vertical line is from the left-hand side of the horizontal VAS. The length of the
VAS should also be measured, so that the score can be adjusted to a denominator of 10 cm.
For items in the damage index, the score is 1 point if present, 0 if absent. In order for an item
to be scored as a damage item, the problem must have been present for at least 6 months and
must be expected to persist or be irreversible and not treatable with immunosuppressive
medication.

Score range—The VAS scales are summed together for a potential score of 0-110 for the

MDI Severity of Damage score. For each organ system, 0 = no damage, 10 = extremely severe
damage. For the individual items, these are summed together to comprise the Extent of Damage
score, with ranges of 0-35 in children, 0-37 in adolescents, and 0-38 in adults. The optional
items comprise the MDI Extended Damage score, and these are summed together for a potential
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score range of 0-16. Missing items are scored as not assessed. The clinical meaning of MDI
scores has not been established.

Respondent burden—Not applicable.

Administration burden—A complete history and physical examination is needed. The rate-
limiting factor is the accessibility to previous notes (paper or electronically obtained). To
complete the form for a patient who is essentially well, scoring will take less than 1 minute.
For a complex patient not known to the physician, it may take 20-30 minutes. Some training
in the use of the tool is advisable. The IMACS website provides some training materials, with
sample cases and ratings, as well as a slide collection for the cutaneous manifestations of
damage.

Translations/adaptations—The MDI is available only in English. The MDI has been used
in patients with adult and juvenile DM/PM.

Psychometric Information

Method of development—The MDI was modified from the SDI (55;56). A 10-cm VAS
for each organ system was also included to measure severity of damage. The draft version of
the MDI, including the glossary, was commented on and further refined by more than 75
members of IMACS using a Delphi approach. Two inter-rater reliability exercises using adult
and juvenile DM/PM patients were performed, which resulted in further refinement of the tool
based on feedback in ease of use and understanding of the experienced adult and pediatric
specialists who participated (14).

Acceptability—Muissing data are common in the MDI Extended Damage score, and that
portion of the tool has not been formally validated. There are no known floor or ceiling effects,
and in fact, most patients with adult and juvenile DMPM have measurable damage several
years after diagnosis (12;27;34;57-59).

Reliability

Internal consistency: In studies of juvenile and adult DM/PM, total MDI extent and severity
of damage scores were highly correlated (Spearman r = 0.87 in juvenile and 0.75— 1.0 in adult
DM/PM) (27;57).

Intra-rater reliability: Not available.

Inter-rater reliability: Inastudy of adult patients with DM/PM, the reliability was considered
good (with an ICC of > 0.65 or the ratio of the estimates of the standard error attributable to
the physicians to the standard error attributable to the patients < 0.40) for each organ system
of the MDI Extent and Severity scores, except for the gastrointestinal and pulmonary systems
for Extent of Damage and skeletal system for Severity of Damage (14). Good inter-rater
reliability for most organ systems was confirmed in a subsequent multi-center study of adult
DM/PM, where the ICC values for the MDI Severity and Extent of Damage scores ranged from
0.65 to 0.84, except for gastrointestinal, cardiac and peripheral vascular, and malignancy
systems, where the ICCs ranged from 0.20 to 0.56 (12).

Validity

Content validity: Content validation is described in the section above entitled Method of
development.
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Construct validity: In a study of juvenile and adult patients with DM/PM, total MDI Extent
and Severity of Damage scores highly correlated with physician global damage (Spearman r
=0.79-0.88). In juvenile patients with DM/PM, MDI Severity of Damage, as well as the muscle
and skeletal system scores, also correlated moderately with the CHAQ as a functional disability
measure, with MMT as a measure of strength, with the T1-weighted MRI score, and inversely
with serum creatinine (Spearman r = 0.37-0.58). These findings were replicated in additional
studies of juvenile DM (12, 58). In adult patients with DM/PM, only serum creatinine and T1-
weighted MRI correlated with the muscle system Severity of Damage score (12). In adult DM/
PM patients, there was moderate correlation of most organ systems between the MDI and the
MITAX (Spearman’s r = 0.33 — 0.73 for muscle, cutaneous, gastrointestinal and pulmonary
systems) and lower correlation in cardiac and skeletal systems (Spearman’s r = 0.13 to 0.24)
(57).

Criterion validity: In patients with adult or juvenile DM/PM, those with a chronic illness
course had a higher rate of damage accumulation than those with a monocyclic or polycyclic
course, and the percentage of patients with measurable damage was also greater in those with
a chronic illness course (27). This finding was replicated in a large international study of
juvenile DM (34). Adult patients with DM/PM who died had higher damage scores at last
follow-up, including in the cardiovascular and pulmonary systems, than patients who remained
alive (27).

Ability to detect change—In adult patients with DM/PM who had treatment-refractory
disease, there was a measurable increase in the annual change in the total MDI Severity of
Damage score, with a median increase of 2.4 points (whereas the annual rate of change in the
total MDI Extent of Damage score was undetectable, median 0), (27). Patients with juvenile
DM/PM, at a median of 80 months from diagnosis, had no detectable annual rate of increase
in their damage scores (27). In juvenile DM patients close to the time of diagnosis, the mean
increase in the MDI Extent of Damage score was 0.01 per 6 months in the 6 months after
diagnosis (58). In one cohort of juvenile DM patients, MDI Extent of Damage scores improved
in 65% of patients at last follow-up (59).

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—The MDI offers a comprehensive assessment of the potential consequences of
having myositis, complications of treatment associated with myositis, and other potential
contributions to morbidity. The MDI is constructed to measure both severity and extent of
damage. From the preliminary validation studies, the Severity of Damage score might be more
sensitive in detecting damage and more sensitive to change. Although the two scores correlate
highly, it is recommended that both measures be used simultaneously. The MDI has good
reliability, good construct validity, and excellent criterion validity in juvenile (ages 3 - 18
years) and adult DM/PM.

Caveats, cautions—The MDI does not measure only damage related to disease, but it also
captures other co-morbid conditions. Although damage scores are meant to reflect irreversible
changes, improvement in some damage elements has been reported in children with juvenile
DM. It is unclear whether the presence of an element for 6 months is long enough for it to
represent damage or whether it might still be part of active disease, especially early in the
course of illness. Training in the use of the tool and experience with myositis patients clearly
improve the reliability. Examination of previous Severity of Damage VAS scores should
reduce measurement error on serial evaluation. The VAS scale may be subjective and
somewhat dependent on the experience of the rater. Although the MDI is recommended for
use in patients with IBM, it has not been formally validated in this subgroup.
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Clinical usability—The MDI may be useful to track damage and affected organ systems
over time, but the scores have no determined clinical meaning.

Research usability—The MDI may be used in long-term observational studies or in clinical
trials, mainly to see that patients treated with a new immunosuppressive therapy do not have
increased damage over time. Certain novel therapies may be directed towards specific
treatment of damage elements (such as treatment of calcinosis or muscle regenerative
therapies), in which case the MDI can be an important outcome measure for such trials.

Quantitative Muscle Testing (QMT)

General Description

Purpose—To measure the amount of maximum isometric force generated from a muscle
group using specialized equipment.

Content—In IBM studies, the following muscle strength measurements are typically tested:
bilateral elbow flexion and extension, bilateral knee flexion and extension, bilateral ankle
dorsiflexion, and bilateral grip strength.

Number of items—This ranges from 6 muscle groups tested bilaterally to 20 muscle groups
tested bilaterally (creating 12 to 40 individual items). The individual muscle group results can
be averaged across all muscle groups tested to create a composite score, which can then be
converted to a Z-score.

Response options—In kilograms (kg), with a range up to 100 kg for each muscle group
tested. Response is based on strength of the muscle group being tested and the maximum load
allowable on the tensiometer (100 kgs).

Recall period for items—None.
Endorsements—None.

Examples of use—There have been several Phase Il trials of beta interferon for IBM (10;
60), an ongoing Phase Il trial of arimoclomol in IBM (www.clinicaltrials.gov-
NCTO00769860), etanercept in DM trial (www.clinicaltrials.gov-NCT00282880), etanercept
trial in IBM (61), oxandrolone trial in IBM (62), intravenous immune globulin trials for IBM
(63;64), and alemtuzumab trial in IBM (65). Rose et al (66) conducted a prospective natural
history trial, which showed a 4% mean decline in composite strength score from baseline over
6 months. There are no validation studies of QMT in IBM, and a single validation study of
hand-held pull gauge to measure isometric dynamometry in PM/DM patients (67).

Practical Application

How to obtain—QMT equipment for fixed-strength measurement can be purchased at
www.AEVERL.com. The fixed device contains a tensiometer that the subject pulls against.
The tensiometer is connected to a Zimmer frame device attached to an adjustable bed.

Method of administration—Position of the patient depends on the muscle group being
tested. A strap is placed distal to the movement being tested. This strap is connected to the
tensiometer, which is attached to a fixed location (i.e., Zimmer frame). There is tension in the
strap and the tensiometer. The joint tested is placed in mid-range position. The patient is asked
to pull as hard as they can. There should not be any movement in the joint being tested (isometric
force). For instance, for knee flexion and extension, the subject is sitting, and the knee is in
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90° degrees of flexion, with the strap at the ankle, above the lateral malleolus. If testing flexion,
the strap is hooked to the tensiometer so that the patient can attempt to bend the knee. The
patient has to be stabilized. A hand-held pull gauge device is also available (67).

Scoring—Results range from 0-100 kgs for each muscle group tested. A patient’s log (QMT
score) for a particular muscle group is standardized by subtracting his or her predicted score
in the appropriate model, given the patient’s age, gender, and height, and dividing by the
standard deviation around the fitted model (68). The resulting measurement can be interpreted
as the number of standard deviations from average normal strength, after accounting for age,
gender, and height. A composite QMT score for a patient is formed by averaging the
standardized QMT scores across all muscle groups tested (69).

Score interpretation—Normative data have been obtained by recruiting from hospital
personnel and family members as well as family members of amyotrophic lateral sclerosis
(ALS) patients. The standardization process involved constructing regression models for the
relationship between log (QMT score) and age, gender, and height among normal subjects for
each muscle group separately (69). Normative data using other equipment systems are also
available (70;71).

Respondent burden—Depends on the strength, fatigability, and effort of the patient.

Administration burden—Up to 1 hour to test multiple muscle groups. Testing one or two
muscle groups using a hand-held device can take 15 minutes.

Translations/adaptations—Has been widely used in patients with IBM, with limited
reliability data in adult DM and PM. Has also been widely used in other muscle diseases, such
as muscular dystrophies and ALS.

Psychometric Information

Method of development—It was derived from studies of muscle strength deterioration over
time in ALS.

Acceptability—Missing data are common. If a muscle group is missed due to an injury, the
missing data are imputed in an intent-to-treat analysis that averages the values from the visit
before and after the missing time point. The floor effect can be present in weaker patients: are
they able to actively position the joint in the position to be tested or maintain that position until
the test is completed? The ceiling effect is determined by the amount of strength the tensiometer
can withstand.

Reliability

Internal consistency: There have been no internal consistency studies conducted in ALS or
patients with myositis.

Test-retest reliability: In ALS, intra-rater test-retest correlation was 0.96 for normal controls
and 0.98 for ALS patients. The mean absolute percent variation of testing and re-testing was
6.5% for normal subjects and 8.9% of ALS patients (70). In Duchenne muscular dystrophy

(DMD), intra-rater test-retest correlations ranged from 0.88 to 0.99 for children with DMD and
0.85 to 0.98 for children without DMD (72). Inter-rater reliability ranged from 0.81 to 0.98 by
Analysis of Variance in a study of 13 muscle groups tested by a hand-held pull gauge in patients
with stable DM/PM (67). No studies have tested the reliability of QMT in patients with IBM.
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Inter-rater reliability: The mean inter-rater test-retest correlation was 0.95 for normal
controls and 0.98 for ALS patients. The absolute mean percent variation between QMT trials
is 7.6% for healthy subjects and 8.2% for ALS patients (73). Inter-rater test-retest correlations
ranged from 0.74 to 0.97 in children with DMD and 0.71 to 0.98 in children without DMD
(73). These numbers are similar in subjects with facioscapulohumeral dystrophy (FSH) (69).
Intra-rater reliability ranged from 0.88 to 0.98 by ANOVA in a study of 13 muscle groups
tested by a hand-held pull gauge in patients with stable DM/PM (67). No studies have tested
the reliability of QMT in patients with IBM.

validity

Content validity: No studies have been done to show validity in patients with PM, DM, or
IBM.

Construct validity: In FSH, the correlation between the composite QMT score and MMT
scores were strong (r = 0.878) (69). QMT was shown to correlate strongly with the Inclusion
Body Myositis Functional Rating Scale (IBMFRS) (Pearson’s correlation coefficient at
baseline = 0.73 and then at 24 weeks = 0.80) (74).

Criterion validity: There is no criterion validity available in PM, DM, or IBM patients.

Ability to detect change—In FSH, both the QMT (P = 0.04) and MMT (P = 0.05) were
able to detect changes in strength over time (69). Rose et al (66) demonstrated in a natural
history study that the mean decline in composite strength score from baseline was 4% with a
standard deviation of £5.8% over 6 months (P = 0.05), but that the rate of progression was
variable and that 4 of the 11 subjects involved did not show any decline. Dalakas et al (75)
reported a 14.9% in decline in strength in the CAMPATH study. The SRM is not available for
patients with myaositis.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—Isometric dynamometry provides a quantitative measure that might be sensitive
in detecting small changes in strength as well as mild weakness that might not be detected by
MMT.

Caveats, cautions—The person administering the test must be trained. There are many
different instruments (hardware and software) to measure quantitative muscle strength. Some
require more training than others. Also, depending on the unit, it may need a dedicated room
to house the equipment. QMT is difficult to use on patients who have trouble moving or have
less than anti-gravity strength. Cost of equipment can run to approximately $15,000. Like other
measures of strength, QMT does not discriminate between activity and damage and may
diminish in sensitivity and specificity as an activity measure for patients who are farther along
in their illness course with accumulated damage and progressive muscle atrophy. There is
almost no validation in patients with myositis, including limited reliability data in adult DM/
PM and limited construct validity in IBM patients. There is no data using QMT in juvenile [IM
patients.

Clinical usability—Ittakes approximately 1 hour to test a full set of muscle groups; therefore,
it is not a good tool to use during routine clinic visits.

Research usability—QMT is difficult to use due to cost, training, and retraining of study
personnel. QMT has been successful as an endpoint in IBM trials in detecting significant drug
effects (62;75).
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Myositis Functional Index-2 (FI-2)

General Description

Purpose—The FI-2 was developed as a disease-specific observational tool for adult patients
with DM/PM to measure muscle endurance (76). The FI-2 is a more-developed version of the
original Functional Index (FI), which was presented in 1996 as the first disease-specific muscle
impairment measure for patients with PM/DM (77).

Content—The FI-2 measures the number of repetitions performed in 7 muscle groups:
shoulder flexion, shoulder abduction, neck flexion, hip flexion, and knee extension (step test)
(performed at a pace of 40 beats per minute, which is monitored by a digital metronome), and
heel lifts and toe lifts (performed at a pace of 80 beats per minute). Each muscle group is scored
as the number of correctly performed repetitions, with no total score, presenting a profile of
muscle impairment for upper and lower limbs and the neck.

Number of items—If the assessment is performed on both right and left extremities, the FI-2
consists of 11 items, and when it is performed on the dominant body side, there are 7 items.
There is no total score.

Response options/scale—Each muscle group is scored by the number of repetitions
performed, and the score ranges from 0-60 for the shoulder flexion, shoulder abduction, neck
flexion, hip flexion, and step test tasks or 0-120 for the heel and toe lifts.

Recall period for items—The patient performs the test and is observed and scored by a
trained health professional. There is no recall period.

Endorsements—None.

Examples of use—The FI-2 is used in clinical practice in Sweden to measure muscle
endurance of adult DM/PM patients at yearly follow-up visits and to assess changes after
interventions such as exercise or medical treatment. The FI-2 has been used in one study
evaluating a 7-week intensive resistance training program for patients with chronic DM/PM
(78).

Practical Application

How to obtain—The protocol of the FI-2 and written instructions can be obtained at no cost
in the original publication (76). The tool, as well as an instructional slide set and video, can be
found on the IMACS website (http://www.niehs.nih.gov/research/resources/collab/imacs/
main.cfm).

Method of administration—The FI-2 is a direct observational assessment tool.

Scoring—The number of correctly performed repetitions is recorded, together with the
perceived muscle exertion for each task. Computer scoring is not necessary.

Score interpretation—The number of correctly performed repetitions is scored for each
muscle group; they vary from 0-60 or 0-120, where 0 indicates severe limitation and 60 (or
120) indicates no limitation. After each muscle group is tested, the patient rates his/her
perceived muscle exertion according to the Borg CR-10 scale, which goes from 0-10, with 0
=no exertion and 10 = extremely strong, almost maximal exertion (79). The Borg CR-10 scale
is notincluded in the FI-2 but is used to measure how much effort the patient exerts to complete
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each task. This enhances the observer’s ability to detect whether the patient stops due to reasons
other than muscle fatigue, such as pain or lack of motivation. To date, normative data are not
available for the FI-2.

Respondent burden—Not applicable.

Administration burden—The maximal time required to perform each muscle group is 3
minutes, and maximal time to perform the FI-2 on both right and left sides is 33 minutes. If
the FI-2 is performed only on the dominant side, the time required is 21 minutes. The ratings
of perceived exertion (the Borg CR-10) add an additional minute. The FI-2 takes about 5
minutes to score, and no training is required for scoring. In some centers, the FI-2 is performed
in a separate session by a trained physical therapist.

Translations/adaptations—No translations or cultural adaptations are currently available.
The tool has not yet been tested in other populations, only in adult DM/PM, with unpublished
clinical observations in patients with IBM.

Psychometric Information

Method of development—The FI-2 was based on the previous version, the FI, which was
also developed specifically for patients with DM/PM (77). The FI assessed the number of
repetitions (maximal number of repetitions, 10-20) in elbow flexion, shoulder flexion, shoulder
abduction, neck flexion, trunk flexion (sit-up), hip flexion, knee extension (step test) as well
as heel lifts, and toe lifts performed standing on one leg at a time. The FI also included tests
of grip strength using the Grippit instrument (80), ability to transfer from side to side and up
to a sitting position, as well as peak expiratory flow. Patients and health professionals were
involved in the validation process. Due to ceiling effects and problems with internal consistency
with several items in the FI (discussed below), a group of health professionals and patients
agreed to remove hip abduction, transfers, and peak expiratory flow from the tool when the
F1-2 was created (76). Despite ceiling effects, the neck flexion and sit-up tasks were considered
relevant. All tasks of the FI were functional tasks except for the grip strength, so the Grippit
assessment was excluded from the FI-2, but it is recommended that it be assessed as a separate
measure. The number of repetitions was increased to 60 or 120 for each task, and the dorsal
and plantar flexion tasks were revised to be performed standing on both feet instead of
balancing on one foot. To further ensure stability to the tasks, repetitions are performed at a
specific pace guided by a metronome.

Acceptability—For the FI (version 1), ceiling effects, defined as the median value equaling
the maximal score for each muscle group, were evident for 8 of the 11 muscle groups, the
transfers, and the peak expiratory flow (76). No floor or ceiling effects have been found in
patients with DM/PM with the FI-2, and the mean number of repetitions for each item varies
from 60 to 120 in patients with DM/PM (76). However, clinical practice indicates that there
might be floor effects when used in patients with IBM, especially the knee extension, the heel
lift, and the toe lift tasks. There are generally no missing data with the tool, and if the patient
will not attempt a particular item, the score is 0 on that item.

Reliability

I nternal consistency: Because each muscle group is scored individually and not included in
a subscale, internal consistency analysis is not relevant for the FI-2.

Test-retest stability: The measurement error for each task varies between 5-16% (76).
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Rater reliability: The FI-2 demonstrated good to excellent intra-rater reliability for all tasks,
with ICCs for the 7 tasks varying between 0.75 and 0.99 (76). Systematic variations were
revealed for the shoulder flexion task, indicating that a training session for the patient is
necessary to ensure good intra-rater reliability. Inter-rater reliability was also good to excellent,
with ICC coefficients of 0.86-0.99 for the tasks without systematic variation. It is advised that
the assessor train on how to score the tasks on at least one previous occasion to ensure good
inter-rater reliability (76).

validity

Content validity: To establish content validity, repeated administrations of the FI from
patients with adult DM/PM were analyzed for floor and ceiling effects as well as for internal
redundancy and consistency. No tasks were redundant, but grip strength, neck flexion, and
trunk flexion (sit-up) showed poor internal consistency with other upper extremity tasks. These
results were discussed with a group of health professionals and patients, and hip abduction,
transfers, and peak expiratory flow were removed due to ceiling affects and lower relevance.
Despite ceiling effects and poor intra- and inter-rater reliability, the neck flexion was
considered relevant and remains in the tool.

Construct validity: The shoulder flexion task correlated moderately with the shoulder flexion
isokinetic muscle endurance test (Spearman r = 0.58) and less with other measures, confirming
that the FI-2 assesses muscle endurance in patients with adult DM/PM (76). The knee extension
task of the FI-2 (step test) correlated moderately with maximal isokinetic strength of the knee
extensors (Spearman r = 0.42), less with other constructs, and not at all with the isokinetic knee
extension endurance test (76). This lack of correlation could be because the step test is
performed in a closed-chain movement that also stresses the cardiovascular system, whereas
the isokinetic test is open chained.

Criterion validity: There is no gold standard by which to assess criterion validity.

Ability to detect change—Statistically significant improvements were detected in the
shoulder flexion task on right and left sides after a 7-week intensive training program in patients
with chronic adult DM/PM (78), with SRM between 0.20-1.01 for the different components
of the FI-2. This study also reported clinically relevant improvements of at least 20% in several
of the FI-2 tasks.

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—The FI-2 assesses muscle endurance, which seems to be an important limitation
for patients with DM/PM (81). There is good content validity, reliability and moderate
construct validity in patients with adult DM/PM.

Caveats, cautions—The FI-2 takes a rather long time to perform, and further research is
needed to establish sensitivity and specificity to change after rehabilitation interventions or
medical treatment. Like all other measures of function in myositis, the FI-2 does not
discriminate between activity and damage and may diminish in sensitivity and specificity as
an activity measure for patients who are farther along in their illness course with accumulated
damage and progressive muscle atrophy. Clinical experience indicates that there may be floor
effects for several tasks of the FI-2 when used in patients with IBM, although this needs formal
evaluation. The FI-2 has been formally tested in adult DM/PM patients, used in IBM patients
clinically but not reported on, and has not yet been tested in juvenile myositis.

Clinical usability—While the tool has good psychometric properties in patients with DM/
PM, the clinical meaning of scores has not yet been established, making this tool difficult to
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apply to the care of individual patients. If physical therapists or other personnel are not available
to perform the test, the length of time needed to perform the FI-2 is a limiting factor for clinical
use. Therefore a streamlined version of the FI-2 is being developed.

Research usability—The FI-2 has sound content and construct validity and reliability
properties in patients with adult DM/PM. The extended numbers of repetitions confirm that
the FI-2 assesses muscle endurance, although it was not proven for the knee extension task,
which correlated best with isokinetic muscle strength. Additional studies on sensitivity to
change and specificity and application to other subgroups of myositis are needed.

The Myositis Activities Profile (MAP)

General Description

Purpose—To assess disease-specific limitation of activities of daily living in patients with
DM/PM.

Content—The MAP includes four subscales (Movement activities, Activities of moving
around, Personal care, and Domestic activities) and four single items (Keep in touch with close
friends and relatives, Avoid overexertion during daily activities, Be able to cope with work,
studies, and/or housework to a satisfactory degree, and Be able to do recreational activities of
choice) (24). Subscales and single items were based on the Activity domain of the revised
International Classification of Impairments, Disability and Handicaps ICIDH-2 Beta-2 draft
(82).

Number of items—The MAP includes 31 items.

Response/option scale—Each item is scored on a 7-point Likert scale from 1-7, where 1
= no trouble to do and 7 = impossible to do.

Recall period for items—During the last week.

Endorsements—None

Examples of use—The MAP was developed for patients with adult DM/PM and is currently
used in clinical practice to evaluate changes after rehabilitation interventions in several

rheumatology clinics in Sweden. It is also used in yearly follow-up visits at the Karolinska
University Hospital. The MAP has been used in one clinical exercise study.

Practical Application

How to obtain—The MAP can be obtained in English at no cost in the original publication
(24) or in Swedish or English by contacting the author helene.alexanderson@Kkarolinska.se at
the Karolinska Institute, Stockholm, Sweden.

Method of administration—The MAP is a self-administered questionnaire.

Scoring—The four subscales are scored as the median value of item responses within the
subscale. For subscales Movement activities (n = 8 items), Moving around (n = 4 items), and
Domestic activities (n = 6 items), the median value is the lower of the two middle values. The
subscale Personal Care (n = 9 items) is scored as the median value. The four single items are
scored as the actual item response value. In case of missing values that result in an odd number
of items in a subscale, the score is the middle value. In case of missing values resulting in an
even number of items, the subscale is scored as lower of the two middle values.
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Score interpretation—1 indicates no difficulty to do and 10 = impossible to do. No cut
points have been identified, and normative data are not available.

Respondent burden—The MAP takes 5-10 minutes to complete, with low item difficulty.
Administration burden—The MAP takes 5 minutes to score by hand.
Translations/adaptations—The MAP has been translated from Swedish into American

and British English, and adaptations to the North American and British cultural contexts are
ongoing. Only patients with adult DM/PM have been studied to date.

Psychometric Information

Method of development—The items and subscales of the MAP were developed based on
the revised International Classification of Impairments, Disability and Handicaps ICIDH-2
Beta-2 draft published in 1999 (82). The Activity domain of the ICIDH-2 Beta-2 draft included
315 activities classified into the following 8 categories: Activities of learning and applying
knowledge, Communication activities, Movement, Activities of moving around, Self-care
activities, Domestic activities, Interpersonal activities, and Performing tasks and major life
activities. Eighty-one of these activities from the 6 latter categories were considered by the
research group to be relevant for individuals living in Europe. Items were discussed within the
research group, and strategically chosen patients with different genders, diagnoses, disease
activity and durations, family situations, and working statuses were invited to rate both the
difficulty and importance of items. Ten strategically chosen patients (cohort 1) rated difficulty
and importance of the 81 items on a 10-cm VAS. Questions about sexual activities were rated
as limited and very important by cohort 1, but a majority of patients in cohort 2 who filled out
the MAP for analysis of internal redundancy and consistency chose not to fill out these
questions. Thus questions about sexual activities were removed, and the four remaining items
were listed as single items (24).

Acceptability—Before completing the MAP, patients are asked to decide both how difficult
each activity is to perform in daily life and how important it is to be able to perform the activity
in daily life. No study to evaluate whether patients can weigh both aspects equally has been
carried out. Missing values are rare. No floor or ceiling effects have been detected in the
Swedish context (24).

Reliability

Internal consistency: Ten strategically chosen patients with adult PM/DM (cohort 1) rated
the difficulty and importance of the 81 items on a 10-cm VVAS. Spearman correlation
coefficients ranged between 0.61-0.91 in testing the internal consistency of subscales (24).
There was poor internal consistency between items in the Interpersonal activities and
Performing major life activities subscales.

Test-retest reliability: Weighted kappa coefficients for test-retest reliability ranged between
0.56-0.76 for subscales and between 0.65-0.77 for single items without systematic variations
in 17 stable adult PM/DM patients (24).

Validity
Content validity: See Method of development section.

Construct validity: The third version of the MAP correlated highly with the Health
Assessment Questionnaire (Spearman rank correlation = 0.70), but correlated moderately with
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measures of muscle impairment (Spearman r= 0.55), well-being (Spearman r= 0.43), and
poorly with global disease activity (Spearman r = 0.17) in patients with adult PM/DM (24).
Moderate correlations (Spearman rank correlation = 0.51-0.71) were found between the MAP
subscales and single items and the subscales of the Arthritis Impact Measurement Scale (24).

Criterion validity: There is no gold standard by which to establish criterion validity in activity
limitation measures.

Ability to detect change—The Swedish MAP has been used as a measure of activity
limitation in a 7-week intensive resistance training study that did not reveal statistically
significant changes on a group level after short-term exercise therapy in adult DM/PM patients
(78). The SRM ranged between 0.15-1.32 for the subscales and between 0.20-0.41 for the
single items.

Critical Appraisal of Overall Value to Rheumatology Community

Strengths—The MAP is a disease-specific measure of daily life functions, including aspects
of both difficulty of the task and importance of the activity. Patients were involved in the
development of the tool. There is moderate reliability and moderate construct validity in
patients with adult DM/PM.

Caveats, cautions—The MAP needs to be translated to other languages and adapted to other
cultural contexts before use in clinical practice and research. Information on sensitivity to
change and specificity is very limited, and data currently exist for adult DM/PM but not other
myositis subgroups. Its applicability to children has also not been examined. Like all other
measures of function in myositis, the MAP does not discriminate between activity and damage,
and may diminish in sensitivity and specificity as an activity measure for patients who are
farther along in their illness course with accumulated damage and progressive muscle atrophy.
There is no data on the MAP in patients with IBM or juvenile 1IM.

Clinical usability—The low patient and administrative burden and ensured item relevance
support its use in clinical practice in Sweden, but the limited language and adaptation
availability as well as the lack of cut points and error of measurement are important limitations.
The clinical meaning of scores has not yet been established, making this tool difficult to apply
to the care of individual patients.

Research usability—The thorough content validity process supports the relevance of items
of the MAP; the construct validity analysis shows that the MAP assesses activity limitation;
and the acceptable test-retest reliability support the use of the MAP in research in patients with
adult DM/PM. Further research is needed to establish sensitivity to change and specificity and
to examine the performance of the MAP in other subgroups of myositis patients.

Inclusion Body Myositis Functional Rating Scale (IBMFRS)

General Description

Purpose—The IBMFRS is a 10-point disease-specific functional rating scale that is intended
only for patients with IBM (74).

Content—Includes swallowing, handwriting, cutting food and handling utensils, fine motor
tasks, dressing, hygiene, turning in bed and adjusting covers, changing position from sitting to
standing, walking, and climbing stairs.

Number of items—10 items.
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Response options—Graded on a Likert scale from 0 (being unable to perform) to 4
(normal).

Recall period for items—~Patients are asked to compare how they are at the time the
questions are being asked to how they were prior to the start of the disease.

Endorsements—None

Examples of use—Currently there are 2 clinical trials of interferon (10;60) and an ongoing
Phase Il trial of arimoclomol in IBM that are using the IBMFRS as an outcome measure.

Practical Application

How to obtain—It is available in the original publication and in a review on IBM (74;83).
Method of administration—Interviewer to patient

Scoring—10 individual scores are added for a total score.

Score interpretation—Score range is from 0 to 40, with 40 = normal function and no
disability and 0 = severe functional disability. The range of scores corresponding to mild and
moderate disability scores have not been determined.

Respondent burden—15 minutes.

Administration burden—15 minutes.

Translations/adaptations—Available in English only. Translations and cross-cultural

adaptations are not available. This rating scale has been tested only in patients with IBM, not
adult or juvenile DM/PM.

Psychometric Information

Method of development—It was modified from the Amyotrophic Lateral Sclerosis
Functional Rating Scale (ALSFRS), which was developed to allow patients to rate their muscle
function, self-care, and pulmonary function (84).

Acceptability—Missing data are not common because it is a set of questions that is asked.
If a question is missed, the scores available would be added. There are no floor or ceiling
effects.

Reliability—A reliability study for IBM is in progress.

Validity

Content validity: The instrument was developed by neurologists, clinical evaluators, and the
research coordinators in the Muscle Study Group. The ALSFRS was used as the template, and
several items were altered to address motor problems specific to IBM patients.

Construct validity: The IBMFRS showed significant moderate to good correlations (Pearson
correlation coefficients 0.55-0.86) with maximal voluntary isometric contraction, MMT,
handgrip dynamometry, and the ALSFRS in IBM patients (74).

Criterion validity: There are no criterion validity results available for the IBMFRS.
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Ability to detect change—This instrument was shown to be able to detect change in a 24-
week trial of beta-interferon for IBM, with an ES of -2.9 (74).

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The instrument does measure important elements of functional disability for
patients with IBM. It is quick, inexpensive, and easy to administer. It does not require any
special equipment or training.

Caveats, cautions—The clinician asks the patient to compare how they are today compared
with how they were before the start of the disease. Some IBM patients have had the disease
for decades. For them it might be harder to remember their state before disease onset. Also, as
people get older, they tend to loose function in the hand or get arthritis (harder to use keys,
pick up objects). It can be difficult to separate normal aging processes from IBM-related
processes. Like all other measures of function in myositis, the IBMFRS does not discriminate
between activity and damage, and may diminish in sensitivity and specificity as an activity
measure for patients who are farther along in their iliness course with accumulated damage
and progressive muscle atrophy. Further validation of the IBMFRS is needed, particularly for
patients with IBM. The IBMFRS has not been developed for or tested in patients with adult or
juvenile DM/PM.

Clinical usability—The IBMFRS should be a valuable clinical tool, since it is quick and
easy to administer.

Research usability—It is easily incorporated into IBM research protocols. It is the only
IBM-specific outcome measure based on subject responses.

Cutaneous Dermatomyositis Disease Area and Severity Index (CDASI)

General Description

Purpose—The CDASI is a clinician- or clinician-investigator—scored instrument that
separately measures activity and damage in the skin of dermatomyositis patients (7;85).
Because it is a 1-page instrument with common and responsive elements, it is feasible to use
in daily clinical practice for monitoring DM skin disease. There is a modified CDASI (version
2), which is the one in current use (85). This modified version further simplifies the original
CDASI by combining ulceration and erosion into one category, simplifies descriptors for
Gottron’s damage and nailfold changes, and eliminates excoriation as a subscale (85).

Content—The modified CDASI has 3 activity measures (erythema, scale, and erosion/
ulceration) and 2 damage measures (poikiloderma and calcinosis). In addition, Gottron’s
papules on the hands are evaluated in terms of activity (erythema, ulceration) and damage
(dyspigmentation or scarring). Lastly, activity in terms of periungual changes and alopecia is
measured.

Number of items and subscales—Each of the three activity scales (erythema, scale, and
erosion/ulceration) and two damage measures (poikiloderma and calcinosis) are assessed over
15 body areas; the worst level of activity is scored, whereas the damage measures are scored
for their presence or absence. In addition, Gottron’s papules are evaluated in terms of activity
(erythema or ulceration) and damage (dyspigmentation or scarring). Lastly, activity in terms
of periungual changes and alopecia is measured.

Response options/scale—Disease activity is assessed by the worst degree of erythema (1
= pink; 2 =red, 3 = dark red), scale (1 = scale; 2 = crust, lichenification), and the presence of
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erosions or ulceration (scored as present or absent) in 15 different anatomical locations.
Periungual changes are scored from 0-2, with 0 indicating no periungual changes, 1 indicating
periungual erythema, and 2 indicating visible telangiectasias. Alopecia is scored present or
absent, with 0 indicating no alopecia and 1 indicating presence of alopecia in the past 30 days.
Gottron’s sign on the knuckles is assessed similarly to the erythema scale used in other
anatomical locations. When Gottron’s papules are present, the erythema score obtained on the
knuckles is doubled. Disease damage is assessed by presence or absence of poikiloderma or
calcinosis in the 15 different anatomical locations. In addition, damage in areas of Gottron’s
sign on the hands is assessed (1 = dyspigmentation; 2 = scarring).

Recall period for items—Current examination, except for alopecia that may be present
over the past 30 days.

Endorsements—None.

Examples of use—The modified CDASI has been used in several prospective databases of
adult DM patients and in two completed therapeutic trials.

Practical Application

How to obtain—The CDASI is copyrighted and can only be reprinted with permission from
the authors. The CDASI may be used for routine clinical use by clinicians in order to assist the
clinical consultation, evaluation, and clinical decision-making process. There is no need to
seek specific permission for this and there is no charge for the use of the CDASI in this context.
However, it is a requirement that every copy of the CDASI should always reprint the copyright
statement: © University of Pennsylvania 2009. There is a requirement to seek permission when
the CDASI is used for research purposes. Purely academic research projects are granted use
of the CDASI without charge. Please contact Dr. Victoria Werth (werth@mail.med.upenn.edu)
for permission to use.

Method of Administration—The CDASI is administered by a trained clinician while
examining the patient.

Scoring—Each item of the CDASI version 2 is scored according to the most severe lesions
in a body area and on the various characteristics outlined under response items/scale. The
CDASI has a total scores ranging from 0 to 132, which is divided into activity and damage
subscores, which range from 0 to 100 and 0 to 32, respectively. Scoring of disease activity, as
indicated on the CDASI instrument, involves adding the scores on the left half of the CDASI,
i.e. erythema, scale, erosion/ulcerations, Gottron’s sign, periungual change, and alopecia.
Scoring of disease damage requires addition of scores on the right half of the CDASI, i.e.,
poikiloderma, calcinosis, and Gottron’s dyspigmentation or scarring. Missing values are
counted as 0.

Score interpretation—Scores range from 0-100 for activity and 0-32 for damage. Among
the activity items, the potential range for erythema for all 15 areas is 0-45, for scale is 0-30,
and for erosion/ulcerations is 0-15. The range for Gottron’s erythema is 0-6, Gottron’s
ulcerations 0-6, periungual change 0-2, and alopecia 0-1. For damage items, poikiloderma is
0-15, calcinosis is 0-15, and Gottron’s damage is 0-2. Higher scores indicate greater disease
activity or greater disease damage.

The level of disease activity can be interpreted as low, moderate, or high. The mean CDASI
activity for mild disease was 11.4 = 7.0, moderate was 25.6 + 8.9, and severe was greater than
39.4 (86). Ongoing studies are refining mild, moderate, and severe disease categories and
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examining the minimal clinically significant change. Scores in other populations are not
available but presumably would be 0 for a healthy individual.

Respondent burden—Not applicable.

Administration burden—The CDASI takes a mean of 4.8 minutes for dermatologists
experienced in the assessment of dermatomyaositis to complete (7); presumably less-
experienced physicians may take longer. Training is necessary for reliable assessment of
activity and damage. A training tool is available from Dr. Werth. Scoring takes < 1 minute and
can be done by hand.

Translations/adaptations—The CDASI is available in English. It has been studied and
used in patients with adult classic DM, as well as with hypomyopathic and amyopathic DM,
but not in other myositis subgroups.

Psychometric Information

Method of development—Development of the CDASI has been an iterative process
involving experts in rheumatologic dermatology. The CDASI was designed to capture the most
important signs of activity and damage that are predominant in patients with DM and signs
that would be amenable to change over time (7;85). Dermatologists experienced in the
assessment of DM felt that the CDASI was complete, and they expressed satisfaction with the
measure during multi-investigator meetings and studies. Items were generated by discussion
of important aspects of the disease with patients and by discussion of specific items with expert
dermatologists during group meetings. Subscales were generated based on items chosen by the
group during consensus meetings as important measures of cutaneous DM activity and damage,
with elements of activity selected as responsive to change. The tool was modified due to the
group’s desire to simplify the CDASI and to better describe some of the elements of the
subscales.

Acceptability—The instrument is one page and easily readable. Missing data are not
common, and any missing items are scored as 0. Data analyzed from a prospective database
of 182 dermatomyositis assessments have not shown floor or ceiling effects.

Reliability—Evidence for internal consistency is not currently available.

Test-retest reliability: The CDASI had an ICC for the CDASI Activity subscale of 0.84 (95%
Cl, 0.70-0.98) (7). The CDASI had an ICC for the CDASI Damage subscale of 0.86 (95% ClI,
0.75-0.98) (7). Intra-rater reliability ICC for the modified CDASI Activity subscore was 0.87
(95% Cl, 0.70-0.95). Intra-rater reliability ICC for the modified CDASI Damage subscore was
0.80 (95% CI, 0.56-0.92) (85).

Inter-rater reliability: The CDASI had an ICC for the CDASI Activity of 0.84 (95% ClI, 0.70—
0.98) (7). The CDASI had an ICC for the CDASI Damage subscore of 0.53 (95% Cl, 0.32—
0.73) (7). Inter-rater reliability ICC for the modified CDASI Activity subscore was 0.75 (95%
Cl, 0.55-0.90). Inter-rater reliability ICC for the modified CDASI Damage subscore was 0.56
(95% ClI, 0.36-0.79) (85).

Evidence for internal consistency is not currently available.
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validity

Content validity: Evaluation of content was considered adequate by all 10 dermatologists
participating in a validation study with the modified CDASI. Content validation is described
further under the section above entitled “Method of development.”

Construct validity: The physician global activity (Spearman r= 0.75) and damage VAS
(Spearman r = 0.90) correlates highly with the Activity and Damage subscores of the modified
CDASI (85), and a global itch score correlates moderately (Spearman r = 0.63) with the CDASI
Activity score, from a study of adult DM (85).CDASI Activity scores correlated moderately
(Pearson r = 0.46 for emotion, 0.44 for function, and 0.33 for symptoms) with the Skindex-29
subscores and correlated mildly but significantly with the Dermatology Life Quality Index
(DLQI) (r = 0.29) in patients with adult DM, suggesting that increased cutaneous activity, as
measured by the CDASI, correlates with a poorer quality of life.

Criterion validity: The CDASI was found to be a significant predictor of the Likert-scale
physician global activity and damage scores, which were the compared gold standards. All
CDASI mean scores (Total, Activity, and Damage) expressed statistically significant distinct
values when grouped by Likert scores (mild, moderate, severe activity or damage, all P values
<0.001) (7). The CDASI expressed a significant, near-perfect fit for linearity for activity (P <
0.001) and damage (P < 0.005), with r 2 values, = 0.95 (87).

Responsiveness to change—CDASI scores were assessed, as well as a physician global
score and an overall evaluation from the physician, as to whether the patient had improved,
worsened, or had not changed from their previous research visit. The SRM for the largest
clinical change per patient, as defined as the largest difference in the physician global activity
score between two consecutive visits, was 1.25 for the CDASI, which | corresponded to an
SRM of 1.03 for physician global activity (87).

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The CDASI is a partially validated one-page instrument that captures key
findings regarding skin activity and damage in DM patients. It allows capture of the worst
attributes of 15 body areas but does not involve measurement of body surface area (BSA). BSA
is notoriously difficult to capture, particularly for a condition that may involve only small
amounts of skin. The tool attempts to assess improvement within an area by providing several
levels of activity for erythema, scale, and Gottron’s lesions. A small modification to simplify
the CDASI was shown to have equally good validity and reliability in comparison with the
original CDASI. Currently the CDASI shows good reliability, good but limited construct
validity, and excellent responsiveness in patients with adult DM.

Caveats, cautions—Appropriate training on use of the CDASI is suggested, to reduce
variability in assessments. Definition and measurement of poikiloderma often involve a
component of erythema and dyspigmentation, both of which are captured. Further studies of
the CDASI are needed to determine cut points for mild, moderate, and severe skin disease
activity and damage, as well as the minimal clinically significant change needed to demonstrate
improvement. The instrument was designed to measure important responsive elements but was
not designed to capture every element of DM skin disease. The CDASI has been used and
partially validated in adult DM patients, but not in other subgroups of myositis.

Clinical usability—Based on available psychometric data, the CDASI should be a useful
measure in the clinical context. Calculation is simple, with separate determination of a total
activity and a total damage score, for an overall score by simply adding them. This separation
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of activity and damage scores prevents the potential for paradoxical stability of scores as disease
activity decreases, but damage simultaneously worsens.

Research usability—The CDASI has been useful in research assessments. The CDASI has
been used in several multicenter studies to evaluate response in the skin of DM patients. Studies
looking at response to therapy will likely focus on the CDASI activity assessment, which has
been shown to be responsive to change

Cutaneous Assessment Tool (CAT)

General Description

Purpose—The CAT was developed to comprehensively assess a wide range of cutaneous
manifestations of IIM in children and adults (88). It was first published in 2007. An abbreviated
version of the CAT (aCAT) was published in 2008 and is currently the preferred format (89).

Content—Items of the CAT were chosen by expert opinion to reflect the range of both activity
and damage in cutaneous lesions observed in juvenile and adult 11M.

Number of items—The CAT consists of a skin disease activity score and a skin disease
damage score. There are a total of 21 items, including 10 activity lesions, 4 damage lesions,
and 7 lesions that are common to both the activity and damage scores.

Response options—In the original CAT, each lesion is scored depending on various
characteristics (e.g., erythema, scaling). For the aCAT, each item is either present or absent.

Recall period for items—Scoring of the CAT requires that the lesion be observed at the
time the CAT is administered (i.e., no recall period).

Endorsements—None.

Examples of use—The CAT has been used to date in studies that have examined its
psychometric properties (7;87-90).

Practical Application

How to obtain—The CAT is available from the Rheumatology website (posted as
supplementary material) (88), and on the IMACS website (http://www.niehs.nih.gov/research/
resources/collab/imacs/othertools.cfm).

Method of administration—The CAT is administered by a trained clinician while
examining the patient.

Scoring—Each item of the CAT is scored depending on the presence of the lesion and on
various characteristics (e.g., erythema, presence of scaling, crusting, or erosions, and presence
of ulcerations or necrosis). Scores for each item range from 0-2 to 0—7. For the aCAT, items
are scored as 1 if present and 0 if absent.

Score interpretation—For the original CAT, the total skin disease activity score ranges
from 0-96, and the total skin disease damage score ranges from 0-20. For the aCAT, the total
skin disease activity score ranges from 0-17, and the total skin disease damage score ranges
from 0-11. A score of 0 reflects the absence of cutaneous manifestations. When compared to
a 5-point ordinal scale for disease activity and damage, median CAT activity scores (25—
75t percentiles), corresponding to “no evidence of skin disease activity,” “mild,” “moderate,”
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“severe,” and “very severe skin disease activity,” were 1 (0-3), 7 (4-9), 13 (10-20), 18 (12—
33), and 31 (27-39), respectively. The median (25175 percentiles) CAT damage scores,
corresponding to “no evidence of skin disease damage,” “mild,” “moderate,” and “severe or
very severe skin disease damage,” were 0 (0-1), 1 (0-2), 2 (1-4), and 5 (3-6), respectively
(90).

Respondent burden—Depending on the complexity of skin disease of a patient, the CAT
takes up to 15 minutes to complete, although one study using dermatologists experienced in
the assessment of dermatomyaositis skin disease reported a mean of 5 minutes (7). The aCAT
takes less time due to the removal of detailed scoring.

Administration burden—The time it takes to administer the CAT may be a limitation in a
busy clinic. Scoring takes < 1 minute and can be done by hand. Training in the administration
of the CAT is preferred.

Translations/adaptations—None available at present. The CAT has been studied and
partially validated in juvenile DM/PM patients and adult DM patients.

Psychometric Information—Values of psychometric evaluations for the aCAT were
nearly identical to those for the CAT (89).

Method of development—The development of the CAT was undertaken by a group of
adult and pediatric rheumatologists and a pediatric dermatologist (88). Items were chosen based
on expert opinion regarding the important cutaneous lesions of IIM. Twenty-eight lesions were
considered candidates, including 16 activity lesions, 5 damage lesions, and 7 lesions which
represented a combination of activity and damage. This list was reviewed by a larger group of
rheumatologists and dermatologists, resulting in the deletion of 5 lesions (purpura, Raynaud’s
phenomena, urticaria, mucinous papules, and acanthosis nigricans) and the combination of 4
other lesions into 2 lesions (Gottron’s papules with Gottron’s sign, malar erythema with facial
erythema). Scoring was determined by the investigators based on consensus expert opinion
(88).

Acceptability—Given that the tool is administered by the clinician, missing data are not
common. Missing data are scored as 0 or absent. The length of the tool has been criticized
(hence development of the aCAT).

Reliability

I nternal consistency: When juvenile 1M patients were assessed by pediatric rheumatologists,
the standardized Cronbach a for the CAT activity score was 0.79. Individual standardized
Cronbach a scores ranged from 0.77 to 0.81 when each item was removed from the activity
score. The standardized Cronbach a for the CAT damage score was 0.74. Individual
standardized Cronbach a scores ranged from 0.67 to 0.76 when each item was removed from
the damage score (90). Item-total correlations for the CAT ranged from 0.02 to 0.67 for the
activity items and from 0.001 to 0.29 for the damage items. The items with low correlations
were generally those present in few patients, and they improved to a minimum of 0.27 (P <
0.05) for lesions with > 10% endorsement. Item-to-domain correlations for the activity items
ranged from 0.25 to 0.99 and increased to a minimum of 0.42 (P < 0.05) for lesions with =
10% endorsement (90). Internal consistency of the aCAT was comparable to the full CAT,
with Cronbach a of 0.76 for the aCAT activity score and 0.70 for the aCAT damage score
(89).
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Test-retest reliability: Inadult patients with 1M assessed by dermatologists, the CAT activity
score had an ICC of 0.74 (95% Cl, 0.50-0.95), and the CAT damage score had an ICC of 0.58
(95% ClI, 0.27-0.89) (7).

Inter-rater reliability: This was assessed by having assessors review images of typical 1IM
lesions. ICCs for each lesion ranged from 0.33 to 0.90 (90). In juvenile 1M patients seen by a
2 assessors, ICCs for the total activity and total damage scores were 0.71 and 0.81, respectively.
ICCs for the individual items ranged from 0.11 to 1.0 (88). ICCs for the aCAT were comparable
(0.60 for the total aCAT activity and 0.65 for total aCAT damage) (89). In a study of adults
with DM assessed by dermatologists experienced in DM, the CAT activity score had an ICC
of 0.60 (95% ClI, 0.40-0.79), and the CAT damage score had an ICC of 0.43 (95% CI, 0.22—
0.64) (7). The ICC for the aCAT was 0.55 (87)

validity

Content validity: This has not been formally reassessed in 1M since the original development
of this tool.

Construct validity: For children with juvenile 1M assessed by pediatric rheumatologists, the
CAT activity score correlated highly with the 10-cm VAS for physician skin disease activity
(Spearman r = 0.83, P < 0.0001) and physician global disease activity (Spearman r = 0.77, P
< 0.0001), and moderately with measures of muscle strength and function (correlation with
CMAS =-0.48, with CHAQ = 0.40, and with total MMT = —0.36) (90). As expected, the CAT
activity and damage scores correlated poorly with serum levels of muscle enzymes (Spearman
correlation = 0.03-0.13), but the CAT activity score correlated mildly but significantly with
lactate dehydrogenase (0.37) (90). The CAT damage score correlated moderately with the 10-
cm VAS for physician skin disease damage (Spearman r = 0.53, P < 0.0001) and for physician
global disease damage (Spearman r = 0.52, P < 0.0001) (90).

In adult patients with DM assessed by dermatologists, the CAT activity score had a Spearman
r = -0.69 with the physician global disease activity and Spearman r = 0.-53 with 10-cm VAS
for patient global disease activity. Correlation with the global itch score was moderate
(Spearman r = 0.59). The CAT damage score had a Spearman r = —-0.47 with 10-cm VAS for
physician disease damage and Spearman r = —0.13 for 10-cm VAS for patient disease damage
(7). The aCAT was also found to correlate significantly with physician global activity VAS in
a study of adult DM patients (87).

When the scores were evaluated in relation to levels of physician global activity in adult DM
patients, the patients with mild global disease activity had CAT scores of 8.3 + 5.1, patients
with moderate global activity had CAT scores of 15.2 + 6.9, and patients with severe disease
activity had CAT scores of 22.5+ 7.4 (7).

Criterion validity: There is no gold standard by which to establish criterion validity.

Ability to detect change—In children with juvenile 1IM assessed 7-9 months apart, the
SRM of the CAT activity score was 0.52 (95% CI, 0.32-0.72). In children with a >0.8-cm
improvement in physician skin disease activity, the SRM was 0.67 (95% Cl, 0.42-0.92) (90).
SRM values for the CAT damage score were not relevant over the duration of this study. In
adult DM patients, the SRM was 0.93 in a group of patients who had exhibited change based
on a physician’s rating (87).
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Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The CAT and aCAT are comprehensive measures that assess the full range of
cutaneous lesions in 11M. The requirement that the patient being assessed is observed reduces
the likelihood of biases in reporting. The CAT and aCAT have good reliability, construct
validity, and responsiveness in patients with juvenile (ages 2 — 18 years) and adult DM.

Caveats, cautions—Appropriate training is preferred to reduce variability in assessments.
There are some concerns about the reliability of some items. The tool has been partially
validated in juvenile 1M and adult DM, but not examined in other myositis subgroups.

Clinical usability—Based on available psychometric data, the CAT and aCAT should be
useful measures in the clinical context. The time needed to administer the full CAT may be a
limitation for clinicians.

Research usability—The CAT and aCAT should be useful in research assessments. The
lack of information concerning change over time in the CAT damage score should lead to some
caution if used for this purpose.

Dermatomyositis Skin Severity Index (DSSI)

General Description

Purpose—The DSSI assesses disease activity in skin of DM patients. The tool is patterned
after the Psoriasis Area and Severity Index (PASI) (91).

Content—The DSSI assesses disease activity based on involved BSA and severity. Body area
is divided into four parts (head, trunk, upper extremity, and lower extremity) and scored by
percentage involvement. Severity of involvement is scored for the four anatomic locations with
three symptom scores (redness, induration, and scaliness). The DSSI is calculated based on the
percentage BSA involved (92).

Number of items and subscales—Each of these four body areas is assessed by visual
inspection for redness, induration, and scaliness.

Response options/scale—The areas involved in each of the four main body areas are
measured on the following 0-6 point scale: 0, no involvement; 1, < 10%; 2, 10-30%; 3, 31—
50%; 4, 51-70%; 5, 71-90%; 6, 91-100%. The average redness, induration, and scaliness of
the lesions in each of the body areas are scored on a 0—4-point scale (91).

Recall period for items—Current examination. There is no recall period.

Endorsements—None.

Practical Application

How to obtain—This tool is available at no cost and is published (91). E-mail Dr. Joseph
Jorizzo (jjorizzo@wfubmc.edu) for permission to use.

Method of administration—The DSSI is administered by a trained clinician while
examining the patient.

Scoring—The sum of the redness, induration, and scaliness scores (maximum of 12) is
multiplied by the area score for each body area (maximum of 6). These totals are normalized
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(10%, 20%, 30%, and 40% for the head, upper extremities, trunk, and lower extremities,
respectively) and summed. The total DSSI score can range from 0 to 72, with higher scores
representing more severe disease activity (92). There are no instructions for missing values,
but these are presumably scored as 0.

Score interpretation—When compared to the global physician activity score, the DSSI
scores were 1.3 = 1.5 for mild global activity, 5.4 + 4.0 for moderate and 14.9 + 14.1 for severe
global disease activity (7).

Respondent burden—Not applicable.

Administration burden—Completion takes approximately 2—3 minutes for experienced
dermatologists who are familiar with the tool. Training is needed, as done for the PASI in
psoriasis, and can be accessed on the following website: http://www.pasitraining.com/
index.html.

Translations/adaptations—The DSSI is available in English. It has been validated and
studied in patients with adult DM, but not other myositis subgroups.

Psychometric Information

Method of development—Initial content of the scale was validated for content by a panel
of experts that included board-certified dermatologists and rheumatologists. This score is
mirrored after the PASI.

Acceptability—Given that the tool is administered by a clinician, missing data are not
common. The tool is rapid to use.

Reliability—Internal consistency has not been statistically evaluated.

Stability: Test-retest stability has been evaluated, with ICCs between exams by the same
observers ranging from 0.79 (95% ClI, 0.34-0.95) to 0.93 (95% Cl, 0.87-0.99) (91;92).

Intra-rater reliability has been completed in adult DM or amyopathic DM, ranging from 0.79
(95% Cl, 0.34-0.95) to 0.89 (95% Cl, 0.76-0.95) (7;92).

Inter-rater reliability: The DSSI has been tested at three institutions, with ICCs ranging from
0.44 (95% CI, 0.23-0.65) t0 0.94 (95% ClI, 0.84-0.97) in patients with adult DM or amyopathic
DM (7;92).

validity

Content validity: Content validity was evaluated by a panel of expert dermatologists and
rheumatologists and found to be adequate (91).

Construct validity: The DSSI correlates moderately with physician global disease activity
(Spearman r = 0.51-0.83) in adult DM patients (7;92). The DSSI also correlates moderately
with pruritus (Spearman r = 0.41-0.61) (7;92). The DSSI was also found to correlate
moderately with the presence of poikiloderma (Spearman r = 0.61-0.70) (91), although the
DSSI is supposed to measure activity, and poikiloderma is typically associated with damage.
In evaluation of quality of life relative to the DSSI, the Spearman correlations were also
moderate (Spearman r = 0.41 with the Skindex-16 and 0.38 with the DLQI) in adult DM patients
(92). There was no significant correlation between the DSSI and periungual capillary nailfold
changes, cutaneous ulceration, calcinosis, muscle enzyme levels, or muscle strength (92).
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Criterion validity: There is no gold standard upon which to assess criterion validity.

Responsiveness to change—In one study of adult DM patients who received a variety
of treatments, the DSSI showed a mean change of 3.9 units after treatment (95% CI, 1.0-6.9).
The Spearman correlation coefficient between the change in DSSI scores and the change in
physician global activity was 0.28 (92). Additional evaluation of the responsiveness of the
DSSI is not available.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—This tool is a measure of skin disease activity in DM and is based on another
scale, the PASI, which has been used widely in psoriasis therapeutic trials. The measure is
quick to use by experienced dermatologists. The measure has acceptable reliability and limited
but moderate construct validity in patients with adult DM and amyopathic DM.

Caveats, cautions—The DSSI is a disease activity measure that depends on assessment of
BSA based on the rule of 9s. BSA can be difficult to assess reliably, particularly when only
small areas are involved, as can occur in DM (93). Responsiveness to change when small areas
of skin are involved will likely be difficult using a measure that depends on BSA. The DSSI
does not include an assessment of damage. The tool has been used in patients with adult
amyopathic and classic DM, but not in other subgroups of myositis.

Clinical usability—The DSSI is easy to use, but psychometric properties suggest that it might
be difficult to use accurately. There are no measurements of damage.

Research usability—The usability for research depends on how extensive the disease
process is. It may be difficult to demonstrate change in patients with limited BSA involvement.
There is no measurement of damage.

Skindex-17 and Skindex-29

General Description

Purpose—To measure quality of life (QoL) in different populations and detect changes over
time. This is a clinically responsive measure for the effect of skin disease on patients’ QoL
(94-96). It has been used in acne, psoriasis, atopic dermatitis, seborrheic dermatitis, alopecia
areata, vitiligo, nevi, skin cancer, cutaneous lupus, and DM, among other skin conditions
(97). There are several versions, with the Skindex-29 the most utilized and validated. Initially
the Skindex was a 61-item self-administered survey that measures cognitive effects, social
effects, depression, fear, embarrassment, anger, physical discomfort, and physical limitations
(94). 1t has been modified and refined several times. The tool was shortened to 29 items, with
the same reliability and validity, but with more discriminative and evaluative features (95). In
2001, the Skindex-16 was published (98). It is a sensitive, accurate, single-page survey and
has two additional advantages compared with the Skindex-29 (98). It evaluates the most
bothersome rather than the most frequent symptoms, and it has fewer items, due to less
duplication of questions where most patients choose the same response. A Skindex-17 is also
available, developed using Rasch analysis (99). There is experience with the Skindex-16 and
Skindex-29 in patients with DM.

Content—For the Skindex-29, each item is scored on a 5-point Likert scale: 0, never; 1, rarely;
2, sometimes; 3, often; 4, all the time. For the Skindex-16, each item is scored on a scale of 1
(never bothered) to 7 (always bothered). Both tools have three subscales (emotion, symptoms,
and functioning).
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Number of items and subscales—The Skindex-29 has 30 items, 29 of which are used
for scoring. Three questions were added to represent DM-specific effects, namely, two
questions for photosensitivity and one question for alopecia. All responses are transformed to
a linear scale of 100, varying from 0 (no effect) to 100 (effect experienced all the time). Each
question and subscale ranges from 0-100 points, with higher scores indicating worse QoL.

Recall period for items—Four weeks.

Endorsements—None.

Practical Application

How to obtain—There is no cost; e-mail Dr. Mary-Margaret Chren (mchren@orca.ucsf.edu)
for permission to use and guidance about scoring (95).

Method of administration—Self-administered questionnaire.

Scoring—Individual items (1-5) are added to yield a total score for each subscale; higher
scores indicate worse QoL. A composite score has not been formally studied, has no face
validity, and did not fit the Rasch model (99).

Score interpretation—Norms, as well as correlation with QoL burden in a number of
different skin diseases are available (100). For the Skindex-29, an additional study evaluated
patients with a mix of diseases, with more than 60% of the patients having an inflammatory
skin disease such as acne, psoriasis, or seborrheic dermatitis, and almost half of the patients
graded as having at least moderate disease severity, to determine the clinical meaning of scores
according to symptom severity for each of the subscales (100). This study demonstrated that
the emotions subscale had a mean of 3.2, cut point of <5 for very little disease; mean of 16 (cut
points of 6-24) for mild impact on emotions; mean of 36.6 (cut points of 25-49) for moderate;
mean of 62.6 (cut point of >50) for severe emotional impact. The symptoms subscale had a
mean of 0.0 (cut point of 0-3) for very little symptoms; mean of 6.6 (cut points of 4-10) for
mild; mean of 17.6 (cut points of 11-25) for moderate; mean of 37.3 (cut points of 26-49) for
severe; and mean of 62.2 (cut point of >50) for extremely severe symptoms. The function
subscale showed a mean of 0.0 (cut point of <3) for very little functional impairment; mean of
5.3 (cut points of 4-10) for mild; mean of 20.6 (cut points of 11-32) for moderate; and mean
of 48.6 (cut point of >33) for severe functional impairment (100).

Respondent burden—It takes about 5 minutes for patients to complete the questionnaire.
Administration burden—Time for scoring is < 1 minute.

Translations/adaptations—The Skindex is available in English, Spanish, Dutch, German,
French, Italian, Arabic, and Turkish. To date, it has been studied in patients with many different
skin diseases, including adult DM and amyopathic DM, as well as inflammatory, autoimmune,
and other skin conditions (97;101).

Method of Scoring—All responses are transformed to a linear scale of 100, varying from 0
(no effect) to 100 (effect experienced all the time). Hence, each item can have a minimum score
of 0 and a maximum score of 100. A scale score is the mean of a patient’s responses to the
items in a given scale. If responses to more than 25% of items are missing, the questionnaire
is eliminated in research settings. If any scale has more than 25% of the responses missing, the
scale is eliminated. Scale scores are the average of items in a given scale (no imputation). A
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composite score is defined as the average of all items in the instrument. Any patient for whom
all 3 scales are missing should be eliminated from the analytic dataset.

Psychometric Information

Acceptability—This is easy to read, missing data are not common, and there have not been
floor or ceiling effects with the diseases studied.

Reliability

I nter nal consistency: For the Skindex-29, the Cronbach a = 0.87—0.96 for dermatology
patients with a mix of inflammatory skin diseases (52%), skin cancers, and benign lesions
(95). The Skindex-16 exhibited good internal consistency for each of the scales (Cronbach a
=0.86, 0.93, and 0.92 for the symptoms, emotions, and functioning scales, respectively) in
patients with adult DM (101).

Test-retest reliability: Skindex scale scores were reproducible after 72 hours (r = 0.88-0.92)
when tested in a subset of dermatology outpatients (95). The Skindex-16 shows similar
reliability in patients with DM and amyopathic DM (101).

Inter-rater reliability: This has not been evaluated for patients with DM.

Validity

Content validity: The initial Skindex-61 items and scales were generated from literature
review and focus sessions with dermatology patients, physicians, and nurses. The Skindex-29
items and scales were derived from the Skindex-61 by means of psychometric analysis (95).
Three additional items related to photosensitivity and alopecia were added to the Skindex-29.
Content validity has not been formally assessed for DM.

Criterion validity: In a study of a variety of dermatology patients, this scale differentiated
between skin diseases presumed to have high impact and skin diseases presumed to have a low
impact (95). When the Skindex-29 subscores were used to compare adult DM with other
dermatologic diseases, DM had among the highest mean subscores, with the emotional
subscore being among the most severely affected in patients with DM. DM also showed a
higher mean symptom subscore than most compared groups and had a significantly higher
score compared to patients with other inflammatory skin conditions, as well as those with
normal skin.

Concurrent: Evidence of convergent validity is provided by the pattern of correlation between
Skindex and SF-36 comparative scales. For each comparative scale, patients in tertiles
classified by low, medium, or high responses to Skindex differed according to scores in the
corresponding SF-36 comparative scales (96). In adult DM, the emotional subscale of the
Skindex correlated moderately well with three emotional subscales of the SF-36.

Construct validity: Skindex scores correlated more highly than SF-36 scores with patients’
self-reports of the condition of their skin and their perceived disfigurement from their skin
disease (96). Each of the Skindex-29 subscores significantly correlated with the DLQI scores
(Skindex-29 symptom r = 0.63-0.86) (101). Skindex subscores correlated mildly to moderately
with CDASI scores (r =0.32-0.46) in adult DM and amyopathic DM patients. A global pruritus
VAS correlated moderately with Skindex symptoms and function (Spearman r = 0.46-0.60)
and poorly with Skindex emotion (Spearman r = 0.19). In evaluation of QoL relative to the
DSSI, the correlation was moderate (Spearman r = 0.41) in adult DM and amyopathic DM
patients (92). Pruritus VAS correlated moderately (Spearman r = 0.60) in patients with adult
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DM (101). Three emotional subscores of the SF-36 moderately correlated with the emotional
subscore of the Skindex. As expected, the HAQ, a measure of general physical disability, does
not correlate well with the emotional scale of the Skindex.

Responsiveness to change—Mean scale scores remained stable or changed appropriately
in patients with a variety of dermatologic conditions over a 3-month period (97).
Responsiveness is not available for patients with DM.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The Skindex-29 captures skin-specific QoL issues and corresponds to the
severity of skin disease inDM, as well as other skin diseases. A general QoL measure like the
SF-36 correlates more highly with increasing degrees of co-morbidity and worse self-reported
health status but focuses on functional limitations and emotional state regardless of cause. The
Skindex correlates more highly than the SF-36 scores with patients’ reports of the condition
of their skin. The Skindex is particularly good for evaluating the emotional component of QoL
relative to some other measures available. The Skindex (16 and 29) has internal consistency,
test-retest reliability data, and moderate construct validity in patients with adult DM and
amyopathic DM.

Caveats, cautions—This questionnaire is longer than some other skin-specific QoL
measures. The meaning of the composite score is less clear than the subscale scores, and scores
for subscales are used most frequently. Several items show item bias across gender, age, disease
severity, and diagnosis (99). The tool to date has no data on responsiveness, and has not been
studied in other myositis subgroups.

Clinical usability—Based on available psychometric data, the Skindex should be a useful
measure in the clinical context. It has been used in many different skin diseases and has been
carefully validated, but validity in myositis is limited.

Research usability—The Skindex has been useful in research assessments of skin diseases,
including in one study of patients with DM. Further studies of the validity in patients with
myositis are needed.

Dermatology Life Quality Index (DLQI)

General Description

Purpose—The DLQI, developed in 1994, was the first dermatology-specific QoL instrument
(102). 1t is a simple, compact, and practical questionnaire for use in dermatology clinical
settings to assess QoL in skin disease. Although the DLQI covers a wide range of life
impairments, itis nota multiple-scale questionnaire; its scoring system is restricted to an overall
score. There are two versions of the DLQI for adults and two versions for children—a text-
only version and an illustrated version. The illustrated version of the DLQI has been shown to
correlate with the text-only version (103). The text version has been used in numerous studies,
including the assessment of cutaneous disease as part of other autoimmune diseases, as well
as in the evaluation of inflammatory and non-inflammatory skin conditions (102;104-106)
There isa children’s version of the DLQI, the Children’s DLQI, with a text and cartoon version,
the latter of which is preferred by children (107;108).

Content—The measure consists of 10 questions encompassing skin symptoms and feelings,
daily activities, leisure, work or school, personal relationships and the side effects of treatment.

Number of items and subscales—10 items, no subscales.
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Response options/scale—Each item is scored on a Likert scale, with 0 = not at all/not
relevant; 1 = a little; 2 = a lot; and 3 = very much.

Recall period for items—One week.

Endorsements—None.

Practical Application

How to obtain—The DLQI has been published (102;103); the developer was Dr. Andrew
Y. Finlay, Department of Dermatology, Cardiff University School of Medicine, Wales
(FinlayAY @cf.ac.uk). The DLQI may be used by any clinician worldwide for routine clinical
practice without seeking permission and without charge. For details of other uses of the DLQI,
including research studies see http://www.dermatology.org.uk/quality/quality-life.html.

Method of Administration—Self-administered questionnaire. The cartoon version has
been used for children as young as age 4 years. Parents may complete a parent version of the
questionnaire.

Scoring—Scores of individual items (0-3) are added to yield a total score (0-30); higher
scores mean greater impairment of patients” QoL as impacted by their skin disease.

Score interpretation—Cut points have been determined for scores, corresponding to 0
(score of 0-1, no effect), 1 (score of 2-5, small effect), 2 (score of 6-10, moderate effect), 3
(score of 11-20, very large effect), and 4 (score of 21-30, extremely large effect) in a
questionnaire study involving a number of different inflammatory, malignant and other skin
conditions (107).

Respondent burden—Time for answering the questionnaire is an average of approximately
2 minutes.

Administration burden—Scoring takes < 1 minute. No training is needed for scoring.

Translations/adaptations—The DLQI is available in 55 languages (104). The DLQI has
been studied in the diseases mentioned in the descriptive section above. To date, it has
undergone limited study in adults with amyopathic and classic DM, but not in other myositis
subgroups.

Psychometric Information

Methods of development—Initially 120 patients generated a list of the ways in which their
lives were affected by their skin diseases. This led to identification of 49 aspects of QoL
impairments, generating a 10-item questionnaire that was subsequently modified slightly,
followed by pilot testing in additional patients (102;104). This instrument was developed in
the United Kingdom with patients visiting a university clinic; it focused on patients’ ability to
function in their daily activities and does not fully capture emotions and mental health (97).

Acceptability—The DLQI is very readable and easy to complete. Missing data are
uncommon. Floor effects have been seen with certain items related to everyday activities and
the work/study dimension (109). There are also substantial ceiling effects, with two items
contributing to most of the DLQI’s variability (109-111).
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Reliability

I nter nal consistency: Cronbach a for the DLQI was assessed in patients with a variety of skin
conditions, and ranged from 0.75 to 0.92 (104). This has not been assessed in DM.

Test-retest reliability: Test-retest reliability of the DLQI has ranged from 0.56 to 0.99 in
patients with a variety of skin conditions. Most studies showed values above 0.90 (104). This
has not been assessed in DM.

Validity—Content validity was established by examining the ability of the instrument to
discriminate between patients with skin disease and normal healthy subjects (P < 0.001)
(109). There is a question of content related to emotion in adult DM, where the emotional
component of QoL is extremely important. Specifically, the correlation between DLQI and
Skindex-29 function scores were significantly higher than the correlation between DLQI and
Skindex-29 emotion scores in adult DM patients (P = 0.004).

Construct validity: The DLQI has been used in many studies that have shown significant
correlation between the DLQI and generic, dermatology-specific, and disease-specific
measures (104). There is low moderate correlation (Spearman r = 0.36-0.38) of the DLQI with
the DSSI in DM and amyopathic DM patients (92). There is moderate to excellent correlation
of the DLQI with Skindex-29 subscores (Pearson r = 0.63-0.86) in DM and amyopathic DM
patients (111). The DLQI exhibited significant but poor correlation with the CDASI (Pearson
r = 0.35) and with a global pruritus VAS (Pearson r = 0.27). However, in a second study of
adult DM patients, there was moderate correlation of the DLQI with a global pruritus VAS
(Spearman r = 0.58) (101).

Correlations between DLQI and other dermatology-specific HRQOL measures were high (r =
0.65 to 0.86), moderate for general HRQOL measures (r = 0.3-0.62), and in the expected
directions except that the DLQI correlates less with mental and emotional aspects (97;105).
Concurrent correlation with the SF-36 was demonstrated in an acne study (r = —0.33 to —0.44)
(104). In adult DM patients, the DLQI correlated better with the Skindex function subscale (r
= 0.86) relative to the Skindex symptoms subscale (r = 0.63) or emotion subscale (r = 0.67).

Criterion validity: The cut points of the DLQI using global questions show a kappa of 0.489
(112). This has not been assessed in DM.

Responsiveness to change—The ability to detect small impairments may be difficult
because of substantial ceiling effects (109-111). However, many studies have demonstrated
responsiveness to change (104). The minimal clinically important difference of the DLQI in
specific skin diseases has been estimated to range from 2.2-6.9, based on data from 5 studies
in other skin diseases (104). Information on the responsiveness and minimal clinically
important difference does not exist for DM.

Critical Appraisal of Overall Value to Rheumatologic Community

Strengths—The DLQI focuses on the impact of skin disease on patients’ ability to function
in their daily activities and might not fully capture emotions and mental health (106;111). The
strength of the DLQI is its simplicity and broad use for clinical investigation in dermatology,
with application to a number of skin conditions (104;105). The DLQI has limited, moderate
construct validity in adult DM and amyopathic DM.

Caveats, cautions—There has been concern that emotions and mental health can be very
important in inflammatory skin diseases like DM. One study found that in DM the correlations
between DLQI and Skindex-29 function scores were significantly higher than the correlation
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between DLQI and Skindex-29 emotion scores (P =.004), suggesting that the DLQI might not
capture the full range of emotional QoL. There are several limitations related to the focus on
disability, response distribution, and dimensionality and item bias. To date, there are no studies
of its reliability or responsiveness in adult DM, and no studies in other subgroups of myositis.

Clinical usability—The DLQI has been used in numerous studies and trials of a number of
skin conditions, although it is limited in its study in adult DM patients. It is clinically easy to

use.

Research usability—The DLQI has been well evaluated for a variety of skin diseases and
works well for research, with the caveat that the emotional aspect of QoL may be captured
better with other instruments. It is felt to be unidimensional, with scoring restricted to an overall

score. Validation data in adult DM are limited.

Acknowledgments

This research was supported in part by the Intramural Research Program of the NIH, National Institute of

Environmental Health Sciences.

Abbreviations

ACR
ALS
ALSFRS
BILAG
BLIPs
BSA
CAT
aCAT
CDASI
CHAQ
CHQ
CMAS
DAS
DLQI
DM
DMD
DSS
ES
EULAR
Fl

Fl-2
FSH

American College of Rheumatology
amyotrophic lateral sclerosis

Amyotrophic Lateral Sclerosis Functional Rating Scale

British Isles Lupus Assessment Group
British Lupus integrated program
body surface area

Cutaneous Assessment Tool
abbreviated version of the CAT

Cutaneous Dermatomyositis Disease Area and Severity Index

Childhood Health Assessment Questionnaire
Childhood Health Questionnaire
Childhood Myositis Assessment Scale
Disease Activity Score

Dermatology Life Quality Index
dermatomyositis

Duchenne muscular dystrophy
Dermatomyositis Skin Severity Index
effect size

European League Against Rheumatism
Functional Index

Functional Index-2
facioscapulohumeral dystrophy

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

HAQ
HRQOL
IBM
IBMFRS
ICC
Y
IMACS
MAP
MDAAT
MDI
MITAX
MMT
MRC
MRI
MYOACT
PASI
PhS

PM
PRINTO
PsS
QMT
SDI
SF-36
SRM
VAS

References

Page 58

Health Assessment Questionnaire

health-related quality of life

inclusion body myositis

Inclusion Body Myositis Functional Rating Scale
intraclass correlation coefficient

idiopathic inflammatory myopathy

International Myositis Assessment and Clinical Studies Group
Myositis Activities Profile

Myositis Disease Activity Assessment Tool

Myositis Damage Index

Myositis Intention to Treat Activities Index

Manual Muscle Testing

Medical Research Council

magnetic resonance imaging

Myositis Disease Activity Assessment VAS

Psoriasis Area and Severity Index

Physical Summary Score of the CHQ

polymyositis

Paediatric Rheumatology International Trials Organisation
psychosocial summary score

Quantitative Muscle Testing

Systemic Lupus International Collaborating Clinics/ACR Damage Index
Short Form 36

standardized response mean

visual analog scale

1. Miller FW, Rider LG, Chung YL, Cooper R, Danko K, Farewell V, et al. Proposed preliminary core
set measures for disease outcome assessment in adult and juvenile idiopathic inflammatory
myopathies. Rheumatology. 2001; 40(11):1262—73. [PubMed: 11709610]

2. Ruperto N, Ravelli A, Pistorio A, Ferriani V, Calvo I, Ganser G, et al. The provisional Paediatric
Rheumatology International Trials Organisation/American College of Rheumatology/European
League Against Rheumatism Disease activity core set for the evaluation of response to therapy in
juvenile dermatomyositis: a prospective validation study. Arthritis Rheum. 2008; 59(1):4-13.
[PubMed: 18163404]

3. Rider LG, Giannini EH, Brunner HI, Ruperto N, James-Newton L, Reed AM, et al. International
consensus on preliminary definitions of improvement in adult and juvenile myositis. Arthritis Rheum.
2004; 50(7):2281-90. [PubMed: 15248228]

4. Ruperto N, Pistorio A, Ravelli A, Rider LG, Pilkington C, Oliveira S, et al. The Paediatric
Rheumatology International Trials Organisation provisional criteria for the evaluation of response to

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

10

11.

12.

13.

14.

15.

16

17.

18.

19.

20.

21.

Page 59

therapy in juvenile dermatomyositis. Arthritis Care Res (Hoboken). 2010; 62(11):1533-41. [PubMed:
20583105]

. Rider LG, Feldman BM, Perez MD, Rennebohm RM, Lindsley CB, Zemel LS, et al. Development of

validated disease activity and damage indices for the juvenile idiopathic inflammatory myopathies: I.
Physician, parent, and patient global assessments. Juvenile Dermatomyositis Disease Activity
Collaborative Study Group. Arthritis Rheum. 1997; 40(11):1976-83. [PubMed: 9365086]

. Rider LG, Giannini EH, Harris-Love M, Joe G, Isenberg D, Pilkington C, et al. Defining Clinical

Improvement in Adult and Juvenile Myositis. J Rheumatol. 2003; 30(3):603-17. [PubMed: 12610824]

. Klein RQ, Bangert CA, Costner M, Connolly MK, Tanikawa A, Okawa J, et al. Comparison of the

reliability and validity of outcome instruments for cutaneous dermatomyositis. Br J Dermatol. 2008;
159:887-94. [PubMed: 18616782]

. Ruperto N, Ravelli A, Murray KJ, Lovell DJ, ndersson-Gare B, Feldman BM, et al. Preliminary core

sets of measures for disease activity and damage assessment in juvenile systemic lupus erythematosus
and juvenile dermatomyositis. Rheumatology (Oxford). 2003; 42(12):1452-9. [PubMed: 12832713]

. Harris-Love MO, Shrader JA, Koziol D, Pahlajani N, Jain M, Smith M, et al. Distribution and severity

of weakness among patients with polymyositis, dermatomyositis and juvenile dermatomyositis.
Rheumatology (Oxford). 2009; 48(2):134-9. [PubMed: 19074186]

. Muscle Study Group. Randomized pilot trial of BINF1la (Avonex) in patients with inclusion body
myositis. Neurology. 2001; 57:1566-70. [PubMed: 11706093]

Rider LG, Koziol D, Giannini EH, Jain MS, Smith MR, Whitney-Mahoney K, et al. Validation of
manual muscle testing and a subset of eight muscles for adult and juvenile idiopathic inflammatory
myopathies. Arthritis Care Res (Hoboken). 2010; 62(4):465-72. [PubMed: 20391500]

Sanner H, Kirkhus E, Merckoll E, Tollisen A, Roisland M, Lie BA, et al. Long-term muscular outcome
and predisposing and prognostic factors in juvenile dermatomyositis: A case-control study. Arthritis
Care Res (Hoboken). 2010; 62(8):1103-11. [PubMed: 20506141]

Jain M, Smith M, Cintas H, Koziol D, Wesley R, Harris-Love M, et al. Intra-rater and inter-rater
reliability of the 10-point Manual Muscle Test (MMT) of strength in children with juvenile idiopathic
inflammatory myopathies (JIIM). Phys Occup Ther Pediatr. 2006; 26(3):5-17. [PubMed: 16966313]
Isenberg DA, Allen E, Farewell V, Ehrenstein MR, Hanna MG, Lundberg IE, et al. International
consensus outcome measures for patients with idiopathic inflammatory myopathies. Development
and initial validation of myositis activity and damage indices in patients with adult onset disease.
Rheumatology (Oxford). 2004; 43(1):49-54. [PubMed: 12867580]

Fries JF, Spitz P, Kraines RG, Holman HR. Measurement of patient outcome in arthritis. Arthritis
Rheum. 1980; 23(2):137-45. [PubMed: 7362664]

. Clarke AE, Bloch DA, Medsger TA Jr, Oddis CV. A longitudinal study of functional disability in a
national cohort of patients with polymyositis/dermatomyositis. Arthritis Rheum. 1995; 38:1218-24.
[PubMed: 7575715]

Mercer LK, Moore TL, Chinoy H, Murray AK, Vail A, Cooper RG, et al. Quantitative nailfold video
capillaroscopy in patients with idiopathic inflammatory myopathy. Rheumatology (Oxford). 2010;
49(9):1699-705. [PubMed: 20483911]

Pincus T, Summey JA, Soraci SA Jr, Wallston KA, Hummon NP. Assessment of patient satisfaction
in activities of daily living using a modified Stanford Health Assessment Questionnaire. Arthritis
Rheum. 1983; 26(11):1346-53. [PubMed: 6639693]

Neri R, Mosca M, Stampacchia G, Vesprini E, Tavoni A, d’Ascanio A, et al. Functional and isokinetic
assessment of muscle strength in patients with idiopathic inflammatory myopathies. Autoimmunity.
2006; 39(3):255-9. [PubMed: 16769660]

Singh G, Athreya BH, Fries JF, Goldsmith DP. Measurement of health status in children with juvenile
rheumatoid arthritis. Arthritis Rheum. 1994; 37:1761-9. [PubMed: 7986222]

Huber AM, Hicks JE, Lachenbruch PA, Perez MD, Zemel LS, Rennebohm RM, et al. Validation of
the Childhood Health Assessment Questionnaire in the juvenile idiopathic myopathies. Juvenile
Dermatomyositis Disease Activity Collaborative Study Group. J Rheumatol. 2001; 28(5):1106-11.
[PubMed: 11361197]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 60

Feldman BM, Ayling-Campos A, Luy L, Stevens D, Silverman ED, Laxer RM. Measuring disability
in juvenile dermatomyositis: validity of the Childhood Health Assessment Questionnaire. J
Rheumatol. 1995; 22:326-31. [PubMed: 7738957]

Ponyi A, Borgulya G, Constantin T, Vancsa A, Gergely L, Danko K. Functional outcome and quality
of life in adult patients with idiopathic inflammatory myositis. Rheumatology (Oxford). 2005; 44(1):
83-8. [PubMed: 15381789]

Alexanderson H, Lundberg IE, Stenstrom CH. Development of the Myositis Activities Profile--
validity and reliability of a self-administered questionnaire to assess activity limitations in patients
with polymyositis/dermatomyositis. J Rheumatol. 2002; 29(11):2386-92. [PubMed: 12415597]

Takken T, Elst E, Spermon N, Helders PJ, Prakken AB, van der Net J. The physiological and physical
determinants of functional ability measures in children with juvenile dermatomyositis.
Rheumatology (Oxford). 2003; 42(4):591-5. [PubMed: 12649408]

Maillard SM, Jones R, Owens C, Pilkington C, Woo P, Wedderburn LR, et al. Quantitative assessment
of MRI T2 relaxation time of thigh muscles in juvenile dermatomyositis. Rheumatology (Oxford).
2004; 43(5):603-8. [PubMed: 14983103]

Rider LG, Lachenbruch PA, Monroe JB, Ravelli A, Cabalar I, Feldman BM, et al. Damage extent
and predictors in adult and juvenile dermatomyositis and polymyositis as determined with the
myositis damage index. Arthritis Rheum. 2009; 60:3425-35. [PubMed: 19877055]

Apaz MT, Saad-Magalhaes C, Pistorio A, Ravelli A, de Oliveira SJ, Marcantoni MB, et al. Health-
related quality of life of patients with juvenile dermatomyositis: results from the Pediatric
Rheumatology International Trials Organisation multinational quality of life cohort study. Arthritis
Rheum. 2009; 61(4):509-17. [PubMed: 19333974]

Ruperto N, Ravelli A, Pistorio A, Malattia C, Cavuto S, Gado-West L, et al. Cross-cultural adaptation
and psychometric evaluation of the Childhood Health Assessment Questionnaire (CHAQ) and the
Child Health Questionnaire (CHQ) in 32 countries. Review of the general methodology. Clin Exp
Rheumatol. 2001; 19 (Suppl 23):S1-S9. [PubMed: 11510308]

Huber AM, Feldman BM, Rennebohm RM, Hicks JE, Lindsley CB, Perez MD, et al. Validation and
clinical significance of the Childhood Myositis Assessment Scale for assessment of muscle function
in the juvenile idiopathic inflammatory myopathies. Arthritis Rheum. 2004; 50(5):1595-603.
[PubMed: 15146430]

Lovell DJ, Lindsley CB, Rennebohm RM, Ballinger SH, Bowyer SL, Giannini EH, etal. Development
of validated disease activity and damage indices for the juvenile idiopathic inflammatory myopathies.
I1. The Childhood Myositis Assessment Scale (CMAS): a quantitative tool for the evaluation of
muscle function. The Juvenile Dermatomyositis Disease Activity Collaborative Study Group.
Arthritis Rheum. 1999; 42(10):2213-9. [PubMed: 10524696]

Rennebohm RM, Jones K, Huber AM, Ballinger SH, Bowyer SL, Feldman BM, et al. Normal scores
for nine maneuvers of the Childhood Myositis Assessment Scale. Arthritis Rheum. 2004; 51(3):365-
70. [PubMed: 15188320]

Huber AM, Giannini EH, Bowyer SL, Kim S, Lang B, Lindsley CB, et al. Protocols for the initial
treatment of moderately severe juvenile dermatomyositis: results of a Children’s Arthritis and
Rheumatology Research Alliance Consensus Conference. Arthritis Care Res (Hoboken). 2010; 62
(2):219-25. [PubMed: 20191521]

Ravelli A, Trail L, Ferrari C, Ruperto N, Pistorio A, Pilkington C, et al. Long-term outcome and
prognostic factors of juvenile dermatomyositis: A multinational, multicenter study of 490 patients.
Arthritis Care Res (Hoboken). 2010; 62(1):63-72. [PubMed: 20191492]

Whiting-O’Keefe QE, Stone JH, Hellmann DB. Validity of a vasculitis activity index for systemic
necrotizing vasculitis. Arthritis Rheum. 1999; 42(11):2365-71. [PubMed: 10555032]

Hay EM, Bacon PA, Gordon C, Isenberg DA, Maddison P, Snaith ML, et al. The BILAG index: a
reliable and valid instrument for measuring clinical disease activity in systemic lupus erythematosus.
Q J Med. 1993; 86:447-58. [PubMed: 8210301]

Sultan SM, Allen E, Oddis CV, Kiely P, Cooper RG, Lundberg IE, et al. Reliability and validity of
the Myositis Disease Activity Assessment Tool. Arthritis and Rheumatism. 2008; 58:3593-9.
[PubMed: 18975333]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 61

Stone KB, Oddis CV, Fertig N, Katsumata Y, Lucas M, Vogt M, et al. Anti-Jo-1 antibody levels
correlate with disease activity in idiopathic inflammatory myopathy. Arthritis Rheum. 2007; 56(9):
3125-31. [PubMed: 17763431]

Symmons DP, Coppock JS, Bacon PA, Bresnihan B, Isenberg DA, Maddison P, et al. Development
and assessment of a computerized index of clinical disease activity in systemic lupus erythematosus.
Members of the British Isles Lupus Assessment Group (BILAG) Q. J Med. 1988; 69(259):927-37.
Cresswell L, Yee CS, Farewell VV, Rahman A, Teh LS, Griffiths B, et al. Numerical scoring for the
Classic BILAG index. Rheumatology (Oxford). 2009; 48(12):1548-52. [PubMed: 19779027]
Bode RK, Klein-Gitelman MS, Miller ML, Lechman TS, Pachman LM. Disease Activity Score for
children with juvenile dermatomyositis: Reliability and validity evidence. Arthritis Care and
Research. 2003; 49:7-15. Ref Type: Abstract. [PubMed: 12579588]

Smith RL, Sundberg J, Shamiyah E, Dyer A, Pachman LM. Skin involvement in juvenile
dermatomyositis is associated with loss of end row nailfold capillary loops. J Rheumatol. 2004; 31
(8):1644-9. [PubMed: 15290747]

Rouster-Stevens KA, Morgan GA, Wang D, Pachman LM. Mycophenolate mofetil, a possible
therapeutic agent for children with juvenile dermatomyositis. Arthritis Care Res (Hoboken). 2010;
62:1446-51. [PubMed: 20521307]

Schmeling H, Stephens S, Goia C, Manlhiot C, Schneider R, Luthra S, et al. Nailfold capillary density
is importantly associated over time with muscle and skin disease activity in juvenile dermatomyositis.
Rheumatology (Oxford). 2010

Sultan SM, loannou Y, Moss K, Isenberg DA. Outcome in patients with idiopathic inflammatory
myositis: morbidity and mortality. Rheumatology (Oxford). 2002; 41(1):22—6. [PubMed: 11792875]
Sadjadi R, Rose MR. What determines quality of life in inclusion body myositis? J Neurol Neurosurg
Psychiatry. 2010; 81(10):1164-6. [PubMed: 20601666]

Regardt M, Welin HE, Alexanderson H, Lundberg IE. Patients with polymyositis or dermatomyositis
have reduced grip force and health-related quality of life in comparison with reference values: an
observational study. Rheumatology (Oxford). 2011; 50(3):578-85. [PubMed: 21097879]
Alexanderson H, Stenstrom CH, Lundberg |. Safety of a home exercise programme in patients with
polymyositis and dermatomyositis: a pilot study. Rheumatology (Oxford). 1999; 38(7):608-11.
[PubMed: 10461472]

Alexanderson H, Stenstrom CH, Jenner G, Lundberg I. The safety of a resistive home exercise
program in patients with recent onset active polymyositis or dermatomyositis. Scand J Rheumatol.
2000; 29(5):295-301. [PubMed: 11093595]

Landgraf, JM.; Abetz, L.; Ware, JE. The CHQ User’s Manual. 1. Boston, MA: The Health Institute,
New England Medical Center; 1996.

Ruperto N, Martini A. International research networks in pediatric rheumatology: the PRINTO
perspective. Curr Opin Rheumatol. 2004; 16(5):566—70. [PubMed: 15314496]

Martini A, Ruperto N. for the Paediatric Rheumatology International Trials Organisation (PRINTO).
Quality of life in juvenile idiopathic arthritis patients compared to healthy children. Clin Exp
Rheumatol. 2001; 19 (Suppl 23):S1-S172. [PubMed: 11510308]

Duffy CM, Arsenault L, Duffy KN, Paquin JD, Strawczynski H. The Juvenile Arthritis Quality of
Life Questionnaire--development of a new responsive index for juvenile rheumatoid arthritis and
juvenile spondyloarthritides. J Rheumatol. 1997; 24(4):738-46. [PubMed: 9101511]

54. Varni JW, Seid M, Knight TS, Burwinkle T, Brown J, Szer IS. The PedsQL in pediatric rheumatology:

55.

56.

57.

Reliability, validity, and responsiveness of the Pediatric Quality of Life Inventory Generic Core
Scales and Rheumatology Module. Arthritis Rheum. 2002; 46:714-25. [PubMed: 11920407]

Stoll T, Seifert B, Isenberg DA. SLICC/ACR Damage Index is valid, and renal and pulmonary organ
scores are predictors of severe outcome in patients with systemic lupus erythematosus. Br J
Rheumatol. 1996; 35(3):248-54. [PubMed: 8620300]

Rahman P, Gladman DD, Urowitz MB, Hallett D, Tam LS. Early damage as measured by the SLICC/
ACR damage index is a predictor of mortality in systemic lupus erythematosus. Lupus. 2001; 10(2):
93-6. [PubMed: 11237132]

Sultan SM, Allen E, Cooper RG, Agarwal S, Kiely P, Oddis CV, et al. The inter-rater reliabiliity and
aspects of validty of the Myositis Damage Index. Ann Rheum Dis. 2011 In press.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 62

Sanner H, Gran JT, Sjaastad I, Flato B. Cumulative organ damage and prognostic factors in juvenile
dermatomyaositis: a cross-sectional study median 16. 8 years after symptom onset. Rheumatology
(Oxford). 2009; 48(12):1541-7. [PubMed: 19776224]

Mathiesen PR, Zak M, Herlin T, Nielsen SM. Clinical features and outcome in a Danish cohort of
juvenile dermatomyositis patients. Clin Exp Rheumatol. 2010; 28(5):782-9. [PubMed: 21029565]
Muscle Study Group. Randomized pilot trial of high-dose beta INF1a in patients with inclusion body
myositis. Neurology. 2004; 63:718-20. [PubMed: 15326251]

Barohn RJ, Herbelin L, Kissel jt, King W, McVey AL, Saperstein DS, et al. Pilot trial of etanercept
in the treatment of inclusion-body myositis. Neurology. 2006; 66(2 Suppl 1):S123-S124. [PubMed:
16432140]

Rutkove SB, Parker RA, Nardin RA, Connolly CE, Felice KJ, Raynor EM. A pilot randomized trial
of oxandrolone in inclusion body myositis. Neurology. 2002; 58(7):1081-7. [PubMed: 11940697]
Dalakas MC, Sonies B, Dambrosia J, Sekul E, Cupler E, Sivakumar K. Treatment of inclusion-body
myositis with 1\VV1g: a double-blind, placebo-controlled study. Neurology. 1997; 48:712—6. [PubMed:
9065553]

Dalakas MC, Koffman B, Fujii M, Spector S, Sivakumar K, Cupler E. A controlled study of
intravenous immunoglobulin combined with prednisone in the treatment of IBM. Neurology. 2001;
56(3):323-7. [PubMed: 11171896]

Brussock CM, Haley SM, Munsat TL, Bernhardt DB. Measurement of isometric force in children
with and without Duchenne’s muscular dystrophy. Phys Ther. 1992; 72(2):105-14. [PubMed:
1549631]

Rose MR, McDermott MP, Thornton CA, Palenski C, Martens WB, Griggs RC. A prospective natural
history study of inclusion body myositis: implications for clinical trials. Neurology. 2001; 57(3):548-
50. [PubMed: 11502935]

Stoll T, Bruhlmann P, Stucki G, Seifert B, Michel BA. Muscle strength assessment in polymyositis
and dermatomyositis evaluation of the reliability and clinical use of a new, quantitative, easily
applicable method. J Rheumatol. 1995; 22:473-7. [PubMed: 7783064]

68. Tawil R, McDermott MP, Mendell JR, Kissel J, Griggs RC. Facioscapulohumeral muscular dystrophy

69.

70.

71.

72.

73.

74.

75.

76.

(FSHD): design of natural history study and results of baseline testing. FSH-DY Group. Neurology.
1994; 44(3 Pt 1):442-6. [PubMed: 8145913]

The FSH-DY Group. A prospective, quantitative study of the natural history of facioscapulohumeral
muscular dystrophy (FSHD): implications for therapeutic trials. The FSH-DY Group. Neurology.
1997; 48(1):38-46. [PubMed: 9008491]

Meldrum D, Cahalane E, Conroy R, Fitzgerald D, Hardiman O. Maximum voluntary isometric
contraction: reference values and clinical application. Amyotroph Lateral Scler. 2007; 8(1):47-55.
[PubMed: 17364436]

Stoll T, Huber E, Seifert B, Michel BA, Stucki G. Maximal isometric muscle strength: normative
values and gender-specific relation to age. Clin Rheumatol. 2000; 19(2):105-13. [PubMed:
10791620]

Escolar DM, Henricson EK, Mayhew J, Florence J, Leshner R, Patel KM, et al. Clinical evaluator
reliability for quantitative and manual muscle testing measures of strength in children. Muscle Nerve.
2001; 24:787-93. [PubMed: 11360262]

Personius KE, Pandya S, King WM, Tawil R, McDermott MP. Facioscapulohumeral dystrophy
natural history study: standardization of testing procedures and reliability of measurements. The FSH
DY Group. Phys Ther. 1994; 74(3):253-63. [PubMed: 8115459]

Jackson CE, Barohn RJ, Gronseth G, Pandya S, Herbelin L. Inclusion body myositis functional rating
scale: a reliable and valid measure of disease severity. Muscle Nerve. 2008; 37(4):473-6. [PubMed:
18236463]

Dalakas MC, Rakocevic G, Schmidt J, Salajegheh M, McElroy B, Harris-Love MO, et al. Effect of
Alemtuzumab (CAMPATH 1-H) in patients with inclusion-body myositis. Brain. 2009; 132(Pt 6):
1536-44. [PubMed: 19454532]

Alexanderson H, Broman L, Tollback A, Josefson A, Lundberg IE, Stenstrom CH. Functional

Index-2: Validity and reliability of a disease-specific measure of impairment in patients with
polymyositis and dermatomyositis. Arthritis Rheum. 2006; 55(1):114-22. [PubMed: 16463422]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

77.

78.

79.

80.

81.

82.

83.

Page 63

Josefson A, Romanus E, Carlsson J. A functional index in myositis. J Rheumatol. 1996; 23:1380-4.
[PubMed: 8856617]

Alexanderson H, Dastmalchi M, Esbjornsson-Liljedahl M, Opava CH, Lundberg IE. Benefits of
intensive resistance training in patients with chronic polymyositis or dermatomyositis. Arthritis
Rheum. 2007; 57(5):768-77. [PubMed: 17530676]

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc. 1982; 14(5):377-81.
[PubMed: 7154893]

Nordenskiold UM, Grimby G. Grip force in patients with rheumatoid arthritis and fibromyalgia and
in healthy subjects. A study with the Grippit instrument Scand. J Rheumatol. 1993; 22(1):14-9.
Alexanderson H, Alemo-Munters L, Bergegard J, Dastmalchi M, Lundberg IE. Patients with
idiopathic inflammatory myopathies have low muscle endurance rather than low muscle strength.
Acrthritis Rheum. 2009; 60823(Suppl):S307.

World Health Organization. Beta-2 draft, full version. Geneva: World Health Organization; 1999.
International classification of impairment, disability and handicap.

Amato AA, Barohn RJ. Inclusion body myositis: old and new concepts. J Neurol Neurosurg
Psychiatry. 2009; 80(11):1186-93. [PubMed: 19864656]

84. The ALS CNFT Treatment Study (ACTS) Phase I-11 Study Group. The Amyotrophic Lateral Sclerosis

Functional Rating Scale. Assessment of activities of daily living in patients with amyotrophic lateral
sclerosis. The ALS CNTF treatment study (ACTS) phase I-11 Study Group. Arch Neurol. 1996; 53
(2):141-7. [PubMed: 8639063]

85. Yassaee M, Fiorentino D, Okawa J, Taylor L, Coley C, Troxel AB, etal. Modification of the cutaneous

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

dermatomyositis disease area and severity index, an outcome instrument. Br J Dermatol. 2010; 162
(3):669-73. [PubMed: 19863510]

Chock M, Goreshi R, Werth VP, Fiorentino D. Quantitative assessment of disease severity in
dermatomyositis. J Invest Dermatol. 2010; 130 (Suppl 1):S50.

Goreshi R, Okawa J, Rose M, Feng R, Lee LA, Hansen C. Evaluation of reliability, validity, and
responsiveness of the CDASI and the CAT-BM. Arthritis Rheum. 2010; 62:5S381.

Huber AM, Dugan EM, Lachenbruch PA, Feldman BM, Perez MD, Zemel LS, et al. The Cutaneous
Assessment Tool: development and reliability in juvenile idiopathic inflammatory myopathy.
Rheumatology (Oxford). 2007; 46(10):1606-11. [PubMed: 17890275]

Huber AM, Lachenbruch PA, Dugan EM, Miller FW, Rider LG. Alternative scoring of the Cutaneous
Assessment Tool in juvenile dermatomyositis: Results using abbreviated formats. Arthritis Rheum.
2008; 59(3):352-6. [PubMed: 18311761]

Huber AM, Dugan EM, Lachenbruch PA, Feldman BM, Perez MD, Zemel LS, et al. Preliminary
validation and clinical meaning of the Cutaneous Assessment Tool in juvenile dermatomyositis.
Arthritis Rheum. 2008; 59(2):214-21. [PubMed: 18240194]

Fredriksson T, Pettersson U. Severe psoriasis--oral therapy with a new retinoid. Dermatologica. 1978;
157(4):238-44. [PubMed: 357213]

Carroll CL, Lang W, Snively B, Feldman SR, Callen J, Jorizzo JL. Development and validation of
the Dermatomyositis Skin Severity Index. Br J Dermatol. 2008; 158(2):345-50. [PubMed:
18067478]

Charman CR, Venn AJ, Williams HC. Measurement of body surface area involvement in atopic
eczema: an impossible task? Br J Dermatol. 1999; 140(1):109-11. [PubMed: 10215778]

Chren MM, Lasek RJ, Quinn LM, Mostow EN, Zyzanski SJ. Skindex, a quality-of-life measure for
patients with skin disease: reliability, validity, and responsiveness. J Invest Dermatol. 1996; 107(5):
707-13. [PubMed: 8875954]

Chren MM, Lasek RJ, Flocke SA, Zyzanski SJ. Improved discriminative and evaluative capability
of a refined version of Skindex, a quality-of-life instrument for patients with skin diseases. Arch
Dermatol. 1997; 133(11):1433-40. [PubMed: 9371029]

Chren MM, Lasek RJ, Quinn LM, Covinsky KE. Convergent and discriminant validity of a generic
and a disease-specific instrument to measure quality of life in patients with skin disease. J Invest
Dermatol. 1997; 108(1):103-7. [PubMed: 8980297]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rider et al.

Page 64

97. Both H, Essink-Bot ML, Busschbach J, Nijsten T. Critical review of generic and dermatology-specific
health-related quality of life instruments. J Invest Dermatol. 2007; 127(12):2726-39. [PubMed:
17989733]
98. Chren MM, Lasek RJ, Sahay AP, Sands LP. Measurement properties of Skindex-16: a brief quality-
of-life measure for patients with skin diseases. J Cutan Med Surg. 2001; 5(2):105-10. [PubMed:
11443481]
99. Nijsten TE, Sampogna F, Chren MM, Abeni DD. Testing and reducing skindex-29 using Rasch
analysis: Skindex-17. J Invest Dermatol. 2006; 126(6):1244-50. [PubMed: 16543899]
100. Nijsten T, Sampogna F, Abeni D. Categorization of Skindex-29 scores using mixture analysis.
Dermatology. 2009; 218(2):151-4. [PubMed: 19060458]

101. Hundley JL, Carroll CL, Lang W, Snively B, Yosipovitch G, Feldman SR, et al. Cutaneous symptoms
of dermatomyositis significantly impact patients’ quality of life. J Am Acad Dermatol. 2006; 54
(2):217-20. [PubMed: 16443050]

102. Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)--a simple practical measure for
routine clinical use. Clin Exp Dermatol. 1994; 19(3):210-6. [PubMed: 8033378]

103. Loo WJ, Diba V, Chawla M, Finlay AY. Dermatology Life Quality Index: influence of an illustrated
version. Br J Dermatol. 2003; 148(2):279-84. [PubMed: 12588380]

104. Basra MK, Fenech R, Gatt RM, Salek MS, Finlay AY. The Dermatology Life Quality Index 1994—
2007: a comprehensive review of validation data and clinical results. Br J Dermatol. 2008; 159(5):
997-1035. [PubMed: 18795920]

105. Lewis V, Finlay AY. 10 years experience of the Dermatology Life Quality Index (DLQI). J Investig
Dermatol Symp Proc. 2004; 9(2):169-80.

106. De Korte J, Mombers FM, Sprangers MA, Bos JD. The suitability of quality-of-life questionnaires
for psoriasis research: a systematic literature review. Arch Dermatol. 2002; 138(9):1221-7.
[PubMed: 12224984]

107. Lewis-Jones MS, Finlay AY. The Children’s Dermatology Life Quality Index (CDLQI): initial
validation and practical use. Br J Dermatol. 1995; 132(6):942-9. [PubMed: 7662573]

108. Holme SA, Man |, Sharpe JL, Dykes PJ, Lewis-Jones MS, Finlay AY. The Children’s Dermatology
Life Quality Index: validation of the cartoon version. Br J Dermatol. 2003; 148(2):285-90.
[PubMed: 12588381]

109. Badia X, Mascaro JM, Lozano R. Measuring health-related quality of life in patients with mild to
moderate eczema and psoriasis: clinical validity, reliability and sensitivity to change of the DLQI.
The Cavide Research Group. Br J Dermatol. 1999; 141(4):698-702. [PubMed: 10583119]

110. Morgan M, McCreedy R, Simpson J, Hay RJ. Dermatology quality of life scales--a measure of the
impact of skin diseases. Br J Dermatol. 1997; 136(2):202-6. [PubMed: 9068732]

111. Shikiar R, Willian MK, Okun MM, Thompson CS, Revicki DA. The validity and responsiveness of
three quality of life measures in the assessment of psoriasis patients: results of a phase Il study.
Health Qual Life Outcomes. 2006; 4:71. [PubMed: 17005043]

112. Hongbo Y, Thomas CL, Harrison MA, Salek MS, Finlay AY. Translating the science of quality of
life into practice: What do dermatology life quality index scores mean? J Invest Dermatol. 2005;
125(4):659-64. [PubMed: 16185263]

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Rider et al. Page 65

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Page 66

Rider et al.

}npe ut AJIpifen poo9 "awn ‘INd/ING Hnpe ul dA1oddns ULUBJ[99X8  =GZ'0-SZT 0> ‘UonounysAp 6 Ul uonouny
palWIT 1088 9|NM| SAYBL 'aSN YN UBJP|IYd Ul JU3||39Xd 30UBPINS BWOS "UaIP|IY Ul Aujigeryas [ea1sAyd pjiw o ou=p leaisAyd  pooyp|1yd/(OWH) aireuuonsan®
J00]4 JueoIUBIS 01 Asea pue jolg 01 poof ssauanisuodsay JU3]199X8 AJIpIfeA 19N1ISU0D 159]0J-159 ] €-0 abuey lewiunn lewnun paJaisiuwpe -Axoid 10-}18S SSaSSY JUBLUSSASSY U)|eaH
abueyo
0} 9AIISUSS
3 10U Aew awdinba
Aydoure ajasnw |e19ads alinbal a1esadood yibuans
UuMm sjualred 10U $80Q ‘N d sdnoi6 03 Aujige paywi| Anneib-nue
‘afewep /INQ 3jtusanf ajasnw YHM UBIp|IYd UBY} $S8] YHM
woJj Aanoe pue jnpe |enpiAIpul JabunoA sdnoub ajosnw
ysinBunsip 1ou u1 palepifeA 10 UBY) Jan1aq 10 PJIYd Seam 1o} uonow
sa0Q ‘Buimas 'asn YaJeasal yonuw s8109s 10} Buipuewap 10 abuel
[ea1uld Joy pue [ea1u1fd Jo Ajgerjay anuiw ag Aey e ybnoiyy
Ayibus| st LININ 10} ajedoiddy Juswaoidwi Juenodwi ‘Aupigerjsl T > Bullods 'sdnoJb ajosnw 10 Anelb
[e101 "INGI ‘saiuadoud Al[e2a1u]9 10} SNSUBSUOD Jarel -eaul 81ININ o} 08—0 ‘sdnosf pueH ‘sdno.b Aoy g ssasse 1surebe paisay
ul pajepifeA Jou Jl1sWoydAsd SI NI 3J1uaAn[ Joy poob A1an  3josnwi [eIxe g + A[[elsie|iq ajasnw Asy 8 0} saInuIw sdno.b ajasnw
g pasn AjapIA punos ‘sjusired  juawaAoIdwl 9%4QT < pue ‘Aupgeral pasal sdnodf ajosnw [eisIp  SSasse 0] salnuiw G > sayel 01 ainssald
1591 8y} J0 snIsoAw Jo Wd/WQ }npe ul 8103s 159181-158} pue jewixold ZT J08103s G >saye] 'sdnotb  sdnoub ajosnw 10 uoneoldde
UOIRISIUIWPE  JUBWISSASSE 3y} 0} LINW Ul Juawanoidwi Aupijea ‘AoUa)sISU0D [€101 ® 40} 092—0 99 Aew aasnw 92— 9Z g Ssasse Aq yibuans
ut Buiuren lenuad 1dasuod 0GT < 'SSauaAIsuodsal 19n115U02 PO0S) "8 NN [eusaiul $3100S "Pasn s8jeds OT—0  SSasse 03 sanuiw 01 sanuIW 1s1desay} earsAydyueioiuno ajosnw
salinbay SaINSLaN U3 199X3 10} ANpIfeA JUSJUOI POOS) JU3|99X3 1[epuad] 40 DHIN PaLIPOIN 09-0€ SaeL 09-0€ Saxel paures) e Aq paIsisiuiwpy S3INSLaN (LINN)Bunsa ajasniAl [enuey
Wd/Na
gl 1oy ynpe ur Aupijen
pajeplfen 10N aWos YlMm
'$9102s snoinaid  INd/ING BJusanf
Buluiwexa  ul pajepljeA 1sow Ainnoe
uo apuadap ‘asn yaJeasal 1eqo|6 juated Aianoe
sBurrel [enias pue [ea1u1fd Nuaiyed Joy 319Aas AjaWainxa =
10 Aujigerjay Joy ayeudoidde a|qe[leAR J0U  ‘AJIAIOR B1aASS = € ‘AlIAINOR
FECTEN ‘sanJadoud abueyd nybuiuesw Anigelsy  a1esspow =z ‘AlAnde pliw =
10 doualIadxa a11BWoydAsd AJ1ea1ul}d Jo Snsuasuod I T ‘9A1OeUI = ( ‘3[8IS U1 AlAnoe
3y} uo paseq poob “1daouod sI Jusawanoidwil ueldisAyd e uQ ‘AlIAIOR aseasIp 319N aseasip
pue aanaalgns juenodwi 902 Z 'SSauaAIsuodsal woJj Jounsip Ajpwanxs = QT ‘aseasip palods snIsoAw jJo
TeYMawos salnsea|n 1U9|189X3 ApIfeA 19n11SU02 PO0S) sbuney  8AnJRUI =0 ‘SYA WO QTUQ  PueH ‘ainuiw T > anuiw T>  Modas -jjas Juaied Jo Juaned  Bunel [[eIoAQ  ANIAOY [eQO[D Ualed Jo Jualied
Nd/ING
NGl 1o} ynpe ul Aupifea
palepljeA 10N aWos Yum
'$9109s snoinald  INd/INQ 3jtuaanl JUBUSSASSe
Buluiwexa i pajepifen isow Jo awn ayy
uo Juspuadap ‘asn YoJeasal Aunnoe 1e 9|qe|iene
sbuies jerss pue [eaiu1|d 8J9N3S AJWalIXa = ¢ sainseawl
10 Apgeray Joy arendoidde Alngelas  ‘Aluanode asenes = g ‘Alianoe AKiojeloqe| pue
“Ja1el 8y} ‘saruadoud abueyd |njbulueaw Jajes  ajesapow =g ‘AlAnde pliw = 1e21ulfo |fe uo
10 89uaLIadxa auawWoydAsd AJ1e21u119 JO SNSUaSU0d -I3)UI pUB T ‘9AIJeUI = ( ‘9]e3S LI PaJ02s paseq AlIAIoe
3y} uo paseq poob ‘1daouod s1 Juawanoldui AJUaJsISUOY B UQ "ANIAIIOR 3SB3SIP 8I9N3S pueH ‘juaned aseasip
pue aAndalgns juenodwi %02 < 'SSauaAIsuodsal AMpIjeA 19N13SU0D [eusaiul Alpwalnxa = QT ‘oseasIp  ay} SSasse 01 awi} S1IsoAw Jo
TeYMawos SaInseajN JU9189X3 pUE JUBJUOJ JUB|89XT JUBII89XT  BAIJRUI = ( ‘SWYA WI-0T UQ ng ‘enuiw T > a|qeaijdde JoN paie|dwod ueouy  Bues |[eI8A0 AIADOY [2gO|9D UBIDISAYd
suolne) sybue 1S abueyd 10018p 20UapING 20UBpING $9.1035 JOo uaping uaping uolre Jisiulwpe 1USIU0D aedsp Inseaw
01 ANjIgy Aupien Aljigeipy uolrer.idiiu| uolre JsIuIwupy Juapuodsay 10 poy®» N fesod ind JoawreN

NIH-PA Author Manuscript

T 3lqel

NIH-PA Author Manuscript

SINSOAA Ul A1IAOY 8seasiq JO Sainses|A 1o Arewwng

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Page 67

Rider et al.

'sdno.lbgns
snisoAw Jayio

U1 pajenjens 1oN
"paren|eAs aq 0}
111s s[eL [eatutd
U1 90UeULIOMad

‘NG 8j1uaAnf
u sa1pnis
uonepljeA
‘sanadoad
aLswWoydAsd
poob

pue Ayoinduns

SSUaAISUOdsal JUa||89x3

AlpIjeA 19n11SU0D PO0S

“Aunaeryal
JET]
-19)u1 J00d

0} ajelapowl
‘Aoualsisuod
|eulaiul poos

T1-0 9|eds

gns SSaUMBaN "6—0 8]easqns
unys “ANAnoe asessip
Jaybiy Buruesw a109s Jaybiy
UM ‘0g—0 :2409s [e10L

paje|nojes pueH

sanuIW §

JUBWAAJOAUL
uys
pue ajasnw

paje|dwiod ueIdIUID ajenjen3

(SvQ) 81eas AuAnoy ssessiq

NGl

1oy pajepifen 10N
'$91025 snoinaid
Buluiwexs

uo juspuadap
sBunel |euss Jo
Ajigerjal ‘sa102s
1OVOAIN

104 "Jajel

3y} Jo aouaLiadxa
3y} uo paseq

INQ 3j1usAnf

pue )npe

ul pajepljeA isow
‘asn yaJeasal

8J02S XV LIN

1e101 8} 40} £9—0 pUe 3109S
XVLIN Jejnasnw -esxa
3 10} ¥G—0 Wouy abuel
Aay) pue ‘21008 |OVOAIN
1e101 83 40} 0/—0 pUe 8109
1OVOAIN Je[nasnwelixa
a1 104 09—0 Wouy abuel
$3109S 'Jeal) 0} UoIUAI
3 UO paseq ‘J-V JO S3100s
waisAs uebio 03 parIanuod
pue ‘MU =  ‘3SIOM =

€ ‘awes ay) = g ‘Buinoidwi

91008
xapul AJIAnoe

aseasIp [e10}
' S9AIB yoIym
‘8109s 3Josnw
3y} pue ‘21028

pue aAndalgns pue [ea1uld =T Juasaidlou = g pasamsue  palods Jandwod Jejnasnw
1eUYMBLIOS dJe Joy ayeudoidde abueyd nybuiuesw Anjgerjas SI W8l Yoea | DVOAN 10 pueH *(sanuiw -enxa [eqo|b
$3109S 1 DVOAIN ‘saiuadoud AJ[ea1un] Jo snsuasuod Jares o4 "ANIAIOE 8seasIp 819AdS 0€-ST A1) e 9onpoud
‘(Buuren Ju3BWoyIAsd 1 8109 Je|nasnuw -19)ul pooh Alpwanxa = QT ‘aseasip uoleuIwexa 01 ‘suefio
Spaau) 8109s/ash poob 9daouod  -eJ1xa 8y Ul uswaAodwi ‘AoualsIsuod AAI9RUI = 0 ‘SYA WD JeaisAyd Jenasnwi
0] 3WOSIaqWINd juenodwi %02 < 'SSauaAIsuodsal AupIfeA 19n13su02 pooh [eusslul  -QT UO PaJods ‘a103s WaISAS pue Aloisiy e -eAIXd (LVYVAIN) |00 JUBWISSASSY
TeyMalIos salnsea| 1U9|189X3 ‘A)IpIeA JUBUOD JUB|89XT 1U9|189X3 uefio 1DVOAIN Jo4  919|dwod 01 awil ] a|qeoljdde 10N paa|dwoa ueldiulD 9 SSassy AIAROY aseasiq SIISOAN
'sdnolbgns ‘INIT 3j1uaAnl
SISOAW jnpe ui saiuadoud
ul 184 paipnis 10u ouBwWoyIAsd
pue A1 j1uaAnf poo9 "ainyeu
10} AJUo palepijeA  [BUOITBAISSCO 0} (OWHD yum uostiedwod
Apuauin) anp uonajdwod a|qe|IeAe Jou uo paseq) Juswredwi
19849 Bul|199 -uou pue AoUa)sISu0d aJeJapow =Qg< arelapowl 9)esadood
jueolubIS  selq uruononpay [eusau) 0} pliW=6E< Juaw.redwi 0} Aujige paywi|
‘Al[eaiuno "0ueINpUd BUEITERE] plIW=Gp< [ewlou=g8p< UM UaIp|Iyd
ssau|ngasn 1wl SassaIppe 03 poof A1en (snsuasuo) ssauxeam J19bunoA aourINpUa
Aew Jaisiuiwpe Al1eary10ads Aujigeras 8I9N3S=GT> "UONOUN} 10 PJIYd Seam pue ‘uonouny
0] papaau awil | yoiym “abueyo passasse Jores  [eaisAyd o yibuaiis Jejeald 9109S 0} aINUIW 104 Buipuewsp 1sidesay Jo ueloull |eaisAyd
“JalSIuIWpe 0} JUBWISSasSe  Paziubodal UM UaIp[Iyd  Jou AJpIeA Jusuod ‘AlpijeA -Jaju| pue ayealpul $a109s JaybiH T> ‘Ja)siuiwpe ag Aey Aq paJsisiulwpe ‘paseq ‘pbuans (SVYIND)3leds

Burures; saiinbay anlsuayaidwo)  ul Buouls ssausAIsuOdsay  10NJISU0d 10} 3duapiAs Buons 15918J-159 1 '26-09bury 01 saINUIW 0Z-GT ‘SssINuIW 0Z—GT 80ueWI0IAd ‘[eUOIBAISSGO  BJISNWI SSBSSY  JUBWISSASSY SIISOAIN pooup(iyd
SIISOAW
ul a|qefrene
1ou Aujigerfas
Jajel-eau|
'SIISOAW
ajiuaAn( Joy SoI1IAILOE
INd/Na a|qeidaooe Ajrep
SISOAW JINpe ul AJIpIeA UOLISLID Aouaisisuod Aujigesip J0 surewop
INgI Ut Apijea UHM uaIp|Iyd sHNpe Joy 8|qe|ieA_ Jou  palWIT "SISOAW Ut Aupifen [eusaju] 819/8S 0} d1RIBPOW =('T< (OVHO) (OWHD) aureuuonsan®d
ou ‘INd/INA U1 souawoyoAsd  eleq “abueyd paziubodal JUSJUOD JO JUBLLSSASSE ON "ualp[iyo ‘uonounysAp jeaisAyd ppiw 8 10 (OVH) JUBLLSSASSY L)|eaH
suonne) syibue s abueyd 1091p Q0UBPING 0UAPING S9103s Jo uaping uepinq uolreisiuiwpe JU9IU0D 9[edasp Inseawl
oy Aujiavy AvpieA Apgetpd uoeideiu|  UoIRISIUIWPY Juspuodsay Jo poye N fsodind joaweN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Page 68

Rider et al.

pue a;emprey  ul sabueyd |fews ‘dng pue 9[9snwW ZT JO g aunseaw 91118WO0SI
[e10ads ‘Buiuren 0} 9AIISUBS 8] pue 1 NN S[ell SV AjreardA 1 'sbx ui ‘pasn wnwixew
pazijedads  jybiw —ainseaw UM palejaalod ‘yibuans E] Ul AJIpIfeA 19n13su0d ur Ajjigeras sadIAsp uo juaspuadap dnoib 1581 19Npu0I 0} Japinoid 10 Junowe o)
salinbay annemuen) u1 sabueyd 10838p UBD paywi| AJsA Ing pooo poo9 9]9SNW YIea U0} SanfeA oy T Inoy T  aled yyeay pautess salinbay aInsea|N Bunsa 8|9S aAlzeIUEND
‘gl
10} pajeplifen 10N
'$91095 snoinaid
Buiuwexs afewep alow sayealpul
uo uapuadap 81095 Jayby v ‘synpe ui
sBunel [eliss 8€—0 PUE ‘S}UaISa|ope Ul /€ swialsAs ueblo
10 Aljigerjal —0 ‘UBIp]IYd Ul GE—0 SI 21008 6 SSasse 0}
‘salods abeweq /NG d1usanl |e10] “uasqe Jo juasaid Burloas juasqe
Jo Aanes pue }npe 9)e[3.1109 palods are sway ‘afeweq -uasaid
104 "Jajel U1 asn yaJeasal Alybiy 10 1U81X3 ay1 Jo4 "AIAdE  Palods Jandwod pue SWYA
ay3 Jo aoualiadxa Joy aredoudde  -asealoul pjiw a|qeId8lep abewrep 9seasIp aIanss AjaWwalxe 1o pueH “(seinuiw yloq Buisn
3y} uo paseq ‘sanJadoud SMoUS 8109s abewreq 10 JUIX3 = (T ‘@Seasip anloeul 0€—GT AIav1)) (sabueyo
pue aanaalgns o11BWoYdAsd 10 1U8)X3 "paoadxa pue AIJBASS =0 ‘SWA WO -QT UO Palods uoleUIWEXa Juauewad
JeYMBLUIOS aIe punos ‘1daouod se ‘sjuaned /NG ‘Aigeral '3100s WAISAs uebio yoes [eaisAyd 10 ua)sisiad)
$8109s afiewreq juepodwi  3npe ul A|Mo|s sasealoul Aipijea Jarel 104 "0TT—0 abues $8109S pue Aioisiy e abewep
10 A111anas sainses|N  9109s abeweq JO A1JBASS  UOLIBYLIO pUR 1ONJISUOI POOD -13)ul PO09 ‘abewreq Jo A114anss 104 819|dwiod 0} awi| a|qeoijdde JoN pa1e|dwod URIDIUI[D  JO JUBLISSASSY (1QIN) xapu] abeweq snISOAN
Nd/WQ Nnpe
10§ uolepifen Wd/Na
[euonippe  ynpe ut Aupijea
spaau pue ‘Ngl paywi| yum
1o} palepifeA 10N INd/ING 3J1uaan( JUBLISSASSE
'$9100s snoinald Ul pajepljeA 1sow o awin ayy
Buuiwexs ‘asn yaJeasal abewep 1e 3|qe|iene
uo juspuadap pue [ea1u1fd 3I9NaS AjaWaixa = salnseawl
sbuiyes [eLas Jo Jo} arendoidde Alpigelas  ‘abewrep atanas = g ‘abewep Aiojeloqe| pue
Anigeljay “Jaiel ‘sanadoud Jajel-Ja)ul  Besspow = g ‘abewep pliw [ea1ul| |[e uo
3y} Jo aouaiadxa ouBwWoydAsd poob pue =T ‘abewep ou = ‘aJe3s paiods paseq abewep
ay} uo paseq poob ‘1daouod AouaisIsuod  UayIT e UQ “abewep a1anss pueH ‘uaned aseasip
pue aAndalgns juepodwi  JedA T > UISSauaAIsSuodsal  AJIpPIJeA 19NJISUOD JUB||9IX8 0} Jeusaiul Alawainxs = QT ‘abewep  ay} Ssasse 03 awiy SnIsoAw Jo
TeYMawos sanseajN 3| ‘paroadxa Sy 8jeJapowl pue JUSIU0I PO0) JUB|199X3 0U = Q ‘SYA WI-0T U0 ng ‘anuiw T > a|qeoljdde j1oN paledwod ueouD  Buyes |[eIeA0 abeweq [ego|9 ueldIsAud
asn Yoeasal
‘INQ a1uaan 10} Ajurew
ul saIpnis arendoidde
paywi "walsAs  ‘punos sanuadoud
Burioos Jaindwod aL1sWoydAsd Q@ ajiuaanl Butaq [jom
payearjdwo) “1daouod Aipiea ul a|qe|rene wiyiobre |e1o0soyoAsd
‘uapang jueniodwi anlsuodsal Ajayelapow 19n11su02 poob g paywi| uolnewloul Areyaudold yum pue [eaisAyd (OHD)
Juspuodsay saInseajN 81095 [e2IsAUd ‘AYIpIJeA JUBJUOD PO0D ON pJepuess 8109s Arewwng 8109s Jaindwo) SaINUIW GT-0T  PaJsisSIulpe pliyd Jo Juased arenjeng alreuuonsanQ yieaH piyd
Blep aAlleWIOU
ANISUBIXD
yum ‘sabenbue| Buiag-jjem
a|dninw siisoAw ul Aungesip pue yyjesy
asuadl| A3soD u1 a|qejrene SIISOAw  B|ge|leAB IOU  winwixew Bunedipul 0 yum Jeuoniouny
‘SIHISOAW }npe ‘paJalsiulwpe u1 9|qe|reneun st AlpiieA  ale AJljiqeljal - ‘00T—0 wouy sabues Buliods ‘8411 4o Anjenb
Ul uolyeplfen AJisea SIISOAW Ul d|ge[leAR  USIUOD ‘NG Ul BIep paywi| Jajel-enul 'suondo 9—z woly Bursrew paejal -yyfeay
pue agusLiadxs ‘saseasip Jay1o 10U aJe SSaUBAISUOdSal UM ‘INd pue NG Ul AlIpifeA  pue Aljiger|al Aq palamsue swiall 98 Jaindwod Aq s 1eqolb ayx
pauwi] u1 pasn AjlapImn UO SINISIIEIS  UOLIS)IID pUB 1ONJISU0D PO0S) 15918J-159 | JO sisIsu0d Juawnasul 8yl Buiods “fewiuln [ewiuIN pPaJaISIUIWLP. -[3S O JUBWISSASSY (9g-4S) 9¢ w04 Hoys
suonne) syibue 1S abueyo 10919p 90UdpING 80UdpING $91035 JOo uspJnqg uepJng uoljeJssiujwpe JUSIU0D a[edsp Inseaw
oy Aujiavy AvpieA Apgetpd uoeideiu|  UoIRISIUIWPY Juspuodsay Jo poye N fsodind joaweN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Page 69

Rider et al.

sdnoibgns
SIIsoAw

Jay10 Ul |00} 8y}
10 aouewloylad

yoJeasal
pue aonoed
[ea1ul|9 Ut asn
yoddns usping
juaired pue
anneJisiulwpe
MO "SANIAIOR JO
aouenodwi pue
Anoup yiogq
0] se 1daouod
jueniodwi

U S8INSeajy

pue ‘sway  'ssadoid Ajpijea
10 AJUB1SISU0d JUBUOI Ul
‘ApIfeA  PaAJOAUI SJUBITEd
19n135U09 ‘abueyd ‘INd/NA
01 ANARISuUssS }Inpe ul sa1pms
Buipnjoul uoljepifen ] Sa[easqns oul
‘papaau paywi Aoualsisuod  —T ‘asuodsas Wiall [enioe ay} PapIAIp SWwall
uolyepljen ‘Auigesip [eusajul Se paJ03s aJe swa)l a1buls TE surejuo)
Jayun4 |euonouny Buons  (ajqissodwi) 2 03 (Anaiip “aj1| Ajrep
‘ysipams ueyl  pue Buial Ajrep 01 aJelapolN  ou) T woly Bulkten ajeasgns 10 S8NIAINOY
Jay1o sabenbue| 10 S3INAIDR JO ‘Aujigerjal ay1 uynm sasuodsal ‘uonelIWI|
ur paysijgnd 194 aunseaw oiy19ads ‘| onnadesayisuowoly  ANPIfeA 19NJ1ISUOD BeISPON 159191-159} Wl JO anjeA uelpaw puey Aq AlAnoe
10U 2INSeaW MaN -SIISOAIN 'lep paliwl| ‘a|qeLeA *AJIpI[eA JUBJUOD PO0S) 91eJOPOIN 8 Se PaJods ale $8[edsqnNS  8109S 0} SAINUIW § sanuIW 0T-S alreuuonsanb pauodal-j|as SSassy
"yaJeasal aoueINpUd
pue aonoesd  9josnw ‘1daouod
1e21ul|d Ul asn Joy jueniodwi
Aujiqisesy nuwi U S8INses|y
ybiw usping  'ssadoud Ajipifen
aAIRASIUILPY 1UBIU0J By} Ul
‘AN[Igeld)  PanjoAul Sluslled
aInNsua 01 papaau ‘INd pue NG
s1uolIssas buluren 1npe ul sa1pnis
v 'sdnoibgns uonepijen puey Ag 8109 0}
SISoAw Jayio paywi saInuIW G saye |
ul pue abueyo ‘uonnadai ‘apIs JueUIWOP
01 ANARISUSS 10} pue 82uUBINPUS SSasse 0] salnuiw
papaau uoleplfen ajosnw T2 40 wnwixew
Jayung  sainseaw yoiym MIENERE] 81005 [2101 ON "0ZT salinbay sdnoub ajosnw
‘wioyad 0} 8w Xapul [eUoRdUNy 0} poob — 040 09—0 wouy BulAren "SapIS Ya| / Ul 8dueInpua
Buoj e Buriinbal annaalgo AIpIjeA 19n11su09 Alpigerjal ‘suonnadal pawdopiad  Aybu Y10Qg Ssasse ajosnw
JuswINIsSuL oly10ads |y onnadelayl suo WOy ajelapow Aq painsug Jarel-eayul A1981109 J0 Jaquinu 8y} se 0} saINUIW €€ JO olWeUAp (z-14)
Mmau sl g-14 -SIISOAIN 'lep paliwl| ‘s|qeteA *A}IpIJeA JUBJUOD PO0D pue-1a)u]  Palods sl dnoif 8jasnwiydoeg  wWnNWIXew Saxyel a|qeoljdde JOoN  1S8] [BUOIIOUNY JO UOIBAISSAO SSaSSy Z Xapu| [euonoun4 SHISOAN
Wd/NQ
linpe pue A gl ul
uolyeplfeA paiiwi
A1a\ "wiopiad 03 ‘Nd
yibuans Ajnelb /NG Ynpe
-lue 1sed| Je aneyY SSaUMeaMm ur Aigeral swdinba
1SNW Syualed pliw Buninsesw ‘3|qe|lene poob 3100sefaw 10} 8100S pazije1oads
*A13S00 ‘aJemijos ut Jo yibuais 10U INYS'SHANEI g paywi| |enpiAlpul [e10) ‘sdnolb Buisn 8210}
suonne) syibue 1S abueyo 10919p 90UdpING 80UdpING $91035 JOo uspJnqg uepJng uoljeJssiujwpe JUSIU0D a[edsp Inseaw
oy Aujiavy AvpieA Apgetpd uoeideiu|  UoIRISIUIWPY Juspuodsay Jo poye N fsodind joaweN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Page 70

Rider et al.

01 aAIsuUOdsal

paidepy ‘INQ J0

AWp1[eA 10N13SU0D paNWI

0] a]eI3poN

0T—0 © U0 2109s ueIoisAyd

‘sis1Bojojewsp

10 3|qelfal AuAnae asessip nq ‘a1eIapoN “suadxa AT EITES! [eqo|f ays 03 pasedwo) paoualiadxa 10 sainjesy
a0 J0U Aew Bale  UIS JO SUBWDID 10 |aued e Aq parenjens Jared "2/ 010 wouy abuel Aq asn £oy| [eJanas
aoepns Apog saren|end a|qe|leAe 10U INYS sem ANpIfen uau0D -eJ1UI PO0S) UBd 21095 1SS €101 YL 0] salnuIW g-¢ SUON paa|dwod uerdiulD aInseaN (1ssa)xapul A11anas uns NG
a|qelen
alow aJe
swiayl abewep
pue Auanoe
[enpliAlpul
Jo Aunigerey
‘Runigerfas
J1ajel-1aul
pue1s8]8.-153) a)9]dwod
INQ }npe ‘AoUa)sISU0D 0} Jalsey
pue Al ajiuaAn( [eusaiul 31anas AJAA 10 218ASS=G ag Aew 100}
u1 pajepifen poob-0} aJelapow=¢ paleINaIqaY
Allented -11e} Sey 2109s plw=T "aseasip
'sdno.bgns ‘abewep abewrep e101 abewrep ou=Q unis Na
sIsoAw Jayio pue AAnoe ‘Aujigerpd 0g—0 abuel :8109s abeweq Yum aousLadxa
U1 pajepifen 10N yroq Buipnjout Jajel-Jaul "9I9N3s AIBN=TE S,J0ssasse
'SWwia)l aWos Jo ‘SUoISa| abueyo pue 1s818.-159] 919N3S=8T pue Auxajdwod surewop
Aigerjas inoge snoauend paziubodal YIM INQ  "Passasse Jou AJIpIjeA Jusu0D) ‘Aoud)sISu0d aelapow=gT anuIw juaired abewep
SUI32U0J BWOS JuRA3[3) afuaAnl yum uaipjiyo ‘INQ }Npe Ul pajiwi| aiow  [euJsjul pooh pliw=/ T> soxel buliods uo Buipuadap pue AlAnoe
“Ja1sIuIWpe 0} 10 JUBLUISSASSE u1 Buoais 03 ayesspowl pue 1] 8j1uaAn( ui Auipifen sey a109s AlAnoe ou=T ng ‘samnuiw ‘saInuiw GT UBIDIUID AQ paJalsSIuILIpe  U10Q Ul aseasip (Lv2)
Buiuren saiinbay anIsuayaidwo) SSAUBAISUOASaY  1ONJISUOI 10j 8ouapIAs Buons  AlAnOe [e10] S 96—08buel 81005 ANANDY  GT oldnayer ey 01 dn ayel Aey ‘|00} paseq -uoleulwex3 UI{S SSassy ]00] JUBISSASSY SnoauBIND
'sdnosBgns
SIISOAW Jaylo  "INQ o1yredoAwre
ul pajepifen JoN Buipnjout ‘A
"SUOIIUBAIBIUL  }|NpE Ul palepijen
onnadesay) Alenied '¥'6E < SBM 3I9ASS pue
J0 IX8JU0d '3sn YaJeasal ‘6’8 FG 9'GZ Sem ajelapow
3y} Ul anIsuodsal pue [ea1u1d ‘0’ F ' TT Sem aseasip pjiw
aq 01 Ajayj1] uys Jo} aredolddy 10} ANIAIROe |S\Y@D ueaw
8y} Ul SJuUsWidd  "punos saradoud 3y "ybiy Jo ‘ayesspow ‘moj
Uo $asnaoy 21118WOYIASd se pajaldiaiul ag ued AlAnoe na
g ‘aseasip ‘abewep Aljigelas  asessip Jo [aAs] 8y “abewep '8102s puey 0} ul abewrep pue
NQJooadse  pue AHARIR UDS AWpIIeA 1oN13SU0D Jajes-enul 10} Z€—0 pUe AJIAIIOB JO}  8INUIW T UBY] SS3] ANAROR UDjS
AK1ana ainseawl 10 syjusuodwod abueyo paziubooal 1U3]|99Xa 0 31eIBPOIN pue-Iajul 00T-0 woJy Buibuel s3109s ‘sis1Bojorewap 10 salnyesy (1Isvao)
jou saoq ‘Buiuren juenodwi  yumsiuaned jodnosbeur  sysibojorewsap Bunedionied MIENERE] yum ‘abewrep pue AjAnoe paoualiadxa 1oy Aoy |eJanas  xapu| A1IaASS pue ealy asessiq
areridoidde pasN sainsealN  Buo.is si ssauanisuodsay  Aq ajenbape Alpijea usjuo) 0} poo9 OJUl PBPIAIP 8Je SBI02S  SAINUIW 8" UBBN 3UON paja|dwod ueIdIuID aInseajy siIsoAworewlaq snosuein)
alnseaw
aiy108ds-|Ngd|
“J9)SIujwpe
0] Asea
‘papsau  pue aAlsuadxaul
uolepljen 19INQ "aseasIp
Jayun4 ayr Aq paroaye uomouUNy [ewiou
‘SjuaWaINSeaw Us)o aJe eyl 10 Aj1qesIp [euonouny ou a[eas Bunel
annoalgns suonouny ajl| = QO ‘SanIjIgesIp [euonouny Jeuonouny
‘aseasipJoueIS 0}  Ajrep Jo Sjuswale [BJ9A3S = () 31095 [10] a1419ads (sy4nal)
Joud uonouny uo juepodwi lewn onnadesays abuis SIISOAW Ul 10} SWaM [enpIAIpUl ppe paJinbas Buturen je1oads -35eas1p aJeas Buney [euonouny
paseq sasuodsay sanseajN B Ul dAIsUOdsal Al AJIPIIBA JONAISUOD S1BIBPOIN  9|ge|iene 10N ‘apelb -0 yoes ‘swiall 0T sanuIW GT saInuIW GT ou ‘uaired JaMaIAIBIU| wiod-0t SISOAN Apog uoisnjouj
suonne) syibue 1S abueyo 10919p 90UdpING 80UdpING $91035 JOo uspJnqg uepJng uoljeJssiujwpe JUSIU0D a[edsp Inseaw
oy Aujiavy AvpieA Apgetpd uoeideiu|  UoIRISIUIWPY Juspuodsay Jo poye N fsodind joaweN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



Page 71

Rider et al.

9¢ W10 HOYS = 9g-4S ‘ajlf 40 Aupenb = 00 ‘xapu| A11IaASS pue Baly SISBLIOSd = |SVd ‘Ul asuodsal pazipiepuels = NYS ‘9]eas Buiey jeuonound snisoA Apog uoisnjou|

= Sy4INgl ‘AydonsAp Jejnasnw auusyong = AINQG ‘SIS048JdS [eldre] dlydonAwe = STV ‘Xapu| SSIIAIOY 1eal] 0} UoNUBIU| SHISOAN = XV .LIN ‘9]eds Bojeuy [ensiA Juswssassy ALAINDY aseasiq SIISOAN = 1DVOAIN ‘AyredoAw Alorewwepyul oiyyedolpl = || ‘a4reuuonsand)
JUBWSSBSSY LI[eaH pooyp|iyd = OWHD ‘areuuonsand) awssassy YeaH = OWH ‘Bunsal ajosnw [enuew = | A ‘]19Un0D yaIeasay [edlpaN = DHIN ‘shisoAw Apog uoisnjoul = NG| ‘siisoAwAjod = A ‘snisoAwolewap = NG ‘a1eds Bojeue [ensIA = S/ SUOIRIABIGYY

sdnoifgns
snsoAw

13y1o ur patpnms
19A 10N "swajqoid
aJe selq wiall pue
Aujeuoisuswip
pue

‘na
a1yredoAwe pue
NG }npe ul erep
paywi "Hoys
‘Saseasip unjs

109449 abre] Ajawalixa
‘(0€-TZ 91025) 1410848
abue) A1an ‘(0z—TT 8102s)
€£1109)49 ajelapow ‘(0T—9

‘109448 Bul|1ed Aiorewwrepjul SISOAW Ul paysi|qelss 10 8102S) Z ‘199443 ||ews ‘(§
sey uonnquisip -uou pue 10U AMIpIJBA UOLISIID —Z 10 21028) 7199448 ou ‘(T
asuodsas Aloyewiwepjul puelusuo) "IN dlyredoAwe —0 40 8103s) 0 :sjutod N2 Aq 700
‘Aipaesip ‘aunwiwioine sisoAw pue N ul Aiipiea SISOAw ul auop aq ued uonelaldiai| anuIw T ueyr 213198ds-UIs (noa)
uosnoo4 oy pasn AjlapIpn 10} paysI|qeIss 10N 10NJ1SUOD MO] 0] 31RJSPOJN|  Passasse 10N '0€—0 abuel 81005 sS9| Saye) Bulioos sanuIw g 1odal -4[as Jualled JoainsealN  xapu| Anjend) a1 Abojorewsag
‘INQ d1yredoAwe
pue N@ Hnpe Jo)
Aupien paywi
119m 100
10 Jusuodwod
Jeuonows
saimdeD umys
113y} Jo uonipuod
a1 Jo suodal
Saned ay yum
$9102S 9€-4S
ayy ueyy Ajybiy Burloas saindwod
2I0W SJe[31109 NG Hnpe "3[e2s usAIb
'sdnosBgns Xapup|s pue saseasip e Ul sasuodsal
sIsoAw Jayio 'SaSeasIp UIYS unjs Jay1o a|qe|tene s Jusiyed ay Jo
Ul uolyepIfen Alorewiwepjul SIISOAW 0} 3|qe|IeA. jou ur Aigeral aJe A111anas aseasip 1o} ueaw ayy bupyel
ON "SaInseawl -uou pue INQ ‘SaSLaSIP UIYS JaYI0 10}  1S8)8J-1Sa) pue  SWION "3]qe|IeAe SI SaseasIp uayl pue ‘00T
00 214198ds Aiorewiwrepjul AJIpIeA UOLIBILID pUR JUBJUOD AOUBISISUOD LIS JUBIBLIP JO Jaquunu e Ul 10 9R3s Jeaul| uonouny ‘swoldwAs 700
-up{s J8Y1o swos ‘aunwiwiiomne ‘INQ d1yredoAwe pue NG ut [eusajul  uapng 100 YIM UOLIe|2110d 0} UOISIBAU0D ‘SUOIIOWS :$8]eIsgns a4193ds-upys
ueyy Jabuo  Joj pasn AJSpIA  SINSOAW 1oy 3|qe|IeAR 10N AUpI[eA 19N13SU0D 31RISPOIN 1U9|199X3 Se |[aM Se ‘SWION  SaAjoAul Buliods sanuIw § ¢ "uodai -J|as Jualed J0 aInseaN 9T-XapUB|S PUB 6Z-Xapuiis
Aungers
'sdnoibgns Q@ d1yredoAwe 15911
SISOAW pue |NQ }npe -1591 U] |99Xa AAnae [eqolb a1anas
1310 Ul parepijen Ul pajenjend 01 p009 10} T'¥T F 6'%T pue ‘AlAnoe
J0N "abewep 'asn Jo aseq ‘Aupgelds  [eqolb syeapow 104 0 v FY'S
UD{S SSasse 'siselJosd 1oy Ja1es  ‘AuAnoe feqolf pjiw 1oy G TF 8100 na
jou sa0Q "abueyd 1SVd 81 woly -19)ul pooh 82'T SeM |SSd 3yl ‘SVYA 0] anulw > ul AJIAIOR UIS
suonne) syibue 1S abueyo 10919p 90UdpING 80UdpING $91035 JOo uspJnqg uepJng uoljeJssiujwpe JUSIU0D a[edsp Inseaw
oy Aujiavy AvpieA Apgetpd uoeideiu|  UoIRISIUIWPY Juspuodsay Jo poye N fsodind joaweN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2013 August 21.



