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INTRODUCTION

Outcome measurements are important in evaluating pa-
tients with systemic sclerosis (SSc; scleroderma) and in
research such as clinical trials, and many patient-reported
outcomes can be useful for monitoring SSc patients seen in
practice.

Previous research and consensus exercises have demon-
strated important domains that may be useful in SSc clin-
ical trials. These include skin, musculoskeletal, cardiac,
pulmonary, cardiopulmonary, gastrointestinal, renal, Ray-
naud’s phenomenon and digital ulcers, health-related
quality of life and function, global health, and biomarkers
(1,2). This review will focus on the Health Assessment
Questionnaire (HAQ) disability index in SSc (3) and the
Scleroderma HAQ (SHAQ) (4), physician and patient
global assessments, the University of California, Los An-
geles, Scleroderma Clinical Trials Consortium Gastrointes-
tinal Scale (UCLA SCTC GIT) instrument for gastrointesti-
nal involvement in SSc (5), the Raynaud’s Condition Score
(RCS) (6), Symptom Burden Index (7), the Cambridge Pul-
monary Hypertension Outcome Review scale for pulmo-
nary arterial hypertension (8), and some dyspnea scales for
SSc lung disease, which have partially been validated in
SSc.

Fatigue scales, general quality of life measurements, and
several hand scales (Cochin Hand Function Scale, the
Duruoz Hand Index, the Disabilities of the Arm, Shoulder,
and Hand Questionnaire, Arthritis Hand Function Index,
Italian Hand Mobility Scale, and the Delta Finger-to-Palm
measure) will be discussed elsewhere in this supplement
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and are not part of the SSc review. In addition, outcomes
used in the assessment of SSc for research and/or clinical
care such as skin scores, pulmonary function tests, echo-
cardiogram, functional class, 6-minute walk distance, re-
nal measurements, digital ulcer burden, pulmonary imag-
ing, inflammatory markers, joint counts, time to clinical
worsening, and disease activity and damage scales are
excluded from this review. Measurement of depression
and comorbidities are value added in certain circum-
stances within SSc. All these instruments may be impor-
tant to consider in a complete review of SSc measurement
scales. The durometer and digital ulcer outcomes were not
reviewed.

A literature search was performed on July 1, 2011 using
PubMed for key words including validity, reliability, and
questionnaire, and combining with HAQ, SHAQ, global
assessments, SSc or scleroderma, GI outcomes, UCLA GIT,
quality of life (QOL), Raynaud’s Condition Score (RCS),
and dyspnea scales for determining the characteristics of
the outcome measurement tools that were within the scope
of the study. The abstracts of original and review articles
were read, and those thought to be relevant to this topic
were fully read to extract instrument characteristics such
as reliability, validity, and minimal important difference
or minimum clinically important difference. Scales that
are reported elsewhere in this supplement, such as general
quality of life and other versions of the HAQ, were not
reviewed, except for some modifications for SSc. Many
clinical measures that are important in SSc, such as skin
score and disease and damage indices, were not reviewed.

The results of the search included the following: n = 41
for scleroderma and questionnaire and validity, n = 29 for
scleroderma and Health Assessment Questionnaire and
validity, n = 14 for HAQ and scleroderma and reliability,
n = 9 for HAQ and SSc and reliability, n = 0 for SHAQ and
SSc and reliability, n = 1 for SHAQ and scleroderma and
reliability, n = 14 for Scleroderma HAQ and scleroderma
and reliability, n = 3 for UCLA GIT and SSc, n = 61 for
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pain assessment and SSc, n = 100 for pain assessment and
scleroderma, n = 52 for global assessment and sclero-
derma, n = 38 for global assessment and SSc, n = 12 for
Raynaud condition score, and n = 19 for Raynaud’s con-
dition score. Symptom burden index and scleroderma re-
sulted in 3 articles. Articles that discussed validation of
the selected instruments were included if they were
within the scope of this review and not reported elsewhere
in this supplement.

MEASURES OF FUNCTION IN SYSTEMIC
SCLEROSIS (SSc; SCLERODERMA)

HEALTH ASSESSMENT QUESTIONNAIRE
(HAQ) AND SCLERODERMA HAQ (SHAQ)

This section will concentrate on the HAQ disability index
(HAQ DI) within the context of SSc and SSc modifications.

Description

The HAQ DI is a self-reported questionnaire in 8 domains.
The SHAQ consists of the HAQ (8 domains) and also
includes the following scales: pain, patient global assess-
ment, vascular, digital ulcers, lung involvement, and gas-
trointestinal involvement (4).

Purpose. The HAQ measures self-reported function and
is one of the most commonly used quality of life measures
in SSc. Due to the multisystem nature of SSc, it can greatly
impact a patient’s functioning and quality of life. Patient-
centered outcomes are important in both clinical practice
and research studies.

Developers. Fries et al developed the HAQ, which has
been used extensively in SSc (3). Steen and Medsger
added the visual analog scales (VAS) to the HAQ to create
the SHAQ (4). An excellent review on the measurement
properties of the HAQ and SHAQ has been published (9).
The HAQ and SHAQ have been extensively studied for
clinimetric properties in SSc (4,6,9,10-33).

Scoring. HAQ. Scoring is fast and each question is
scored 0—3 (where 0 = without difficulty and 3 = unable
to do) (3). There are 8 categories and the maximum from
each category is added together and divided by the number
of categories completed. There is an added point, to a
maximum of 3, in each category if aids/devices are
checked as being used (if the score is already at 3 or
“unable to do,” then the score cannot increase further).

SHAQ. The SHAQ is scored like the HAQ, and the other
domains are continuous VAS instruments that are mea-
sured and then changed to a 0-3 scale. Each area is scored,
and the scores are not added together for the VAS compo-
nents. Therefore, a score can be 1.25 on the HAQ, 0.5 on
pain, and separate scores for each of the other items.

Reliability. A therapist observed and graded the activi-
ties of the HAQ in patients with SSc. The therapist versus
patient intraclass correlation coefficients (ICCs) ranged
from 0.38-0.76, and there were significant differences be-
tween the observer and subjects’ responses for 4 items,
whereas the other items had moderate to good agreement
(13). Since the HAQ and SHAQ are self-reported, the

agreement between observed versus the patient does not
need to be high since the instrument is not meant to be
scored by an observer. Merkel et al demonstrated reliabil-
ity of the HAQ and other VAS measures including Ray-
naud’s phenomenon—specific scales in an analysis of data
from a large Raynaud’s phenomenon trial in SSc (6). Very
good within-patient test-retest reliability, if stable SSc
patients completed the HAQ once and then 2 days later,
has been documented (33). Therefore, overall the HAQ in
SSc seems reliable.

Validity. Cole et al compared the HAQ in SSc and early
rheumatoid arthritis (ERA), and structural validity was
demonstrated (25). HAQ scores have also been compared
between established RA and SSc, where the HAQ is on
average higher in SSc (21). Convergent and construct va-
lidity have been shown with a strong correlation (r = 0.9)
between the HAQ and the UK Scleroderma Functional
Score (UKFS) (17). There is face and content validity. The
mean HAQ is higher in diffuse cutaneous (dcSSc) than
limited cutaneous (lcSSc) (32). HAQ is correlated with
skin scores, joint pain, tendon rubs, contractures, grip
strength, thumb abduction, wrist extension, and motion of
the index and middle fingers, and in some studies, the
presence versus absence of digital ulcers, but not another
(4,6,10,32). Higher HAQ scores are related to more work
disability (21). HAQ and pain were found to be related to
the physical component score of the Medical Outcomes
Study Short Form 36 (SF-36; R = 0.70) in a cross-sectional
study of 89 patients with SSc (27).

Predictive validity. A low baseline HAQ score is pre-
dictive of improving skin scores over the next year in 2
early dcSSc trials. There was a 1.5 to 5-fold chance of
improvement in skin scores and patient global assess-
ments if there was a low baseline HAQ at trial entry in
early dcSSc (18). A low HAQ score is also predictive of
improved patient global assessment the following year in
SSc patients followed in a clinic setting (31). Another
study found the HAQ to be correlated with skin, cardiac
and renal involvement, tendon friction rubs, hand contrac-
tures, proximal muscle strength, and survival in SSc lon-
gitudinally (4).

Two large cohorts (one with ERA and the other estab-
lished SSc) were compared, and there was structural va-
lidity in comparing the HAQ scores between the 2 groups
(25). SSc patients with joint involvement had higher HAQ
scores than in psoriatic arthritis, whereas pain was higher
in SSc than RA (26).

Ability to detect change. In a 6-month randomized con-
trolled trial of dcSSc, there was good agreement with the
HAQ if skin score improved by at least 30%, with ICCs
ranging from 0.69—0.91 (good to excellent). The SF-36 had
a larger magnitude of responsiveness for physician and
patient global assessments compared to the HAQ, whereas
the HAQ was more responsive for skin score and the
forced vital capacity on pulmonary function testing (19).

A change in digital ulcers status was related to a change
in the HAQ and this was statistically significant when 2
digital ulcer trial results were combined in an exploratory
analysis (29). A nonvalidated HAQ subscale score, which
contained items primarily asking about finger function,
demonstrated an improvement with treatment used to pre-
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vent digital ulcers, but this was a post hoc analysis and
using a part of the validated scale may not be appropriate,
so this subscale needs further validation (28).

The minimum important difference (MID) of the HAQ
has been calculated in clinical practice combining patients
with 1cSSc and dcSSc. MID estimates for improvement
and worsening, respectively, were —0.0125 (for the mean,
which is well below any measurement that is detectable,
or a change of —0.125 if the 75th percentile was used,
which has a more reasonable estimate) and 0.042 (for the
mean change in the worsened group or worsening by 0.217
if the 75th percentile was used) within one SSc clinic
between followup visits. In the Canadian Scleroderma Re-
search Group, where patients have data collected annu-
ally, MID estimates for improvement and worsening were
—0.037 (—0.250, 75th percentile) and 0.140 (0.375, 75th
percentile), respectively (22). This method of MID calcu-
lation gives a HAQ that is well below a minimal change in
the instrument (which is 0.125, so the 75th percentile was
studied). This could be the case due to patients getting
worse or better in areas that are not related to function,
such as dyspnea or GI symptoms, and this would not be
expected to affect the HAQ. Whereas, the MIDs in early
dcSSc from the D-penicillamine trial were —0.10 for HAQ
improvement and 0.14 for worsening (0.15-0.21 effect
size) (23). The MID determined by a Delphi of SSc experts
was estimated to be 0.2—0.25 for the HAQ (34). Therefore,
depending on how the MID is calculated (or in the latter
case estimated by experts to be relevant), the results may
be different. It is likely that the MID of the HAQ in SSc,
when function is changing, is in reality between 0.125 and
0.25 (1- or 2-point differences on the HAQ scale). Disabil-
ity as measured by the HAQ worsens over time in SSc by
0.039 (95% confidence interval [95% CI] 0.018—-0.061) to
0.071 (95% CI 0.048—0.094) per year, or at least on average
0.12 over 3 years (24).

SHAQ validity and reliability. When compared to the
UKFS, the SHAQ had concurrent and convergent con-
struct validity (17). It has face validity (4,6). Reliability of
the HAQ and SHAQ VAS was demonstrated using data
from a Raynaud’s phenomenon trial (6).

Alternate scoring of SHAQ. In one study, the HAQ ap-
peared more reliable than the SHAQ if the scales were
added, but this is not routinely done. Using the French
translation of the SHAQ, Georges et al proposed a com-
bined score, obtained by pooling the 8 domains of the
HAQ DI and the 5 VAS scales, and called it the SSc HAQ.
However, this approach has not yet been widely accepted
(35).

SHAQ predictive validity. The VAS subscales of the
SHAQ were significantly correlated with objective param-
eters (4). Regarding convergent and construct validity, the
SHAQ should have further face and content validity over
the HAQ since it includes SSc-specific manifestations (9).

SHAQ responsiveness to change. The SHAQ was re-
sponsive to change in a cohort and in a Raynaud’s phe-
nomenon trial in SSc (4,6).

HAQ compared to SHAQ. The HAQ was compared to
VAS scales of the SHAQ and the UKFS (17). The HAQ and
UKFS were strongly correlated (r = 0.9) and both tools
were significantly related to other clinical measures. Not

surprisingly, the correlations with the VAS were not as
strong since they were compared with a functional scale,
which would not be as relevant to VAS scales of various
organs or symptoms (17).

The SHAQ was no better than the HAQ in discriminat-
ing between 1cSSc and dcSSc (20). The lung VAS has
incremental concurrent validity over the HAQ as an out-
come measure evaluating SSc lung disease (36).

Validation of HAQ for SSc and SHAQ in other lan-
guages. The SHAQ has been validated in French-speaking
SSc patients for structural and convergent validity, with
strong coefficients between the HAQ and the physical
component score of the SF-36 (r = —0.74, P < 0.0001).
Discriminant validity was found as the HAQ separated
dcSSc and 1cSSc (worse in the former). The test—retest
reliability was excellent (r = 0.98) (36). The HAQ has been
translated into Japanese. In Japanese SSc patients, the
HAQ was related to many other clinical variables, espe-
cially hand extension. The mean HAQ was lower than
what has been reported in US patients with SSc (37). The
HAQ has face validity in Japanese (38). The HAQ has been
translated into Italian, and significant differences in the
HAQ were found in those with higher versus lower mod-
ified Rodnan skin thickness scores (above and below 14
units, mean = SD HAQ in former of 1.158 * 0.176 versus
0.652 = 0.076; P < 0.001). When present, other clinical
features (contractures, myopathy, and digital ulcers) had
higher HAQ scores than if absent (39).

Critical Appraisal of Overall Value to the
Rheumatology Community

Scoring the HAQ includes adding aids and devices. How-
ever, in SSc a change from a low HAQ denoting little or no
disability to moderate disability occurs when aids/devices
are scored in the total HAQ score in the latter but not the
former scenario. This must be taken into account when
describing cohorts or trials and the method of scoring
(with or without aids and devices should be stated) (40).
However, the usual scoring is adding the aids and devices
as mentioned above.

The HAQ is widely used, inexpensive, and takes only a
couple of minutes to complete and score. It has been
translated into many languages, with some validation in
SSc in other languages. The HAQ is somewhat outdated
and may not apply to patients in different countries (such
as opening a milk carton, lifting a certain amount in
pounds, taking a tub bath, etc.).

OTHER MEASURES OF FUNCTION IN SSc

There are strong correlations between the UK Scleroderma
Functional Score (UKFS) and the Health Assessment
Questionnaire (HAQ) in a cross-sectional SSc sample (p =
0.90, P < 0.0001) and prospectively with change over time
comparing UKFS and HAQ (p = 0.59, P < 0.0001) (41). The
Functional Index, which is an 11-item scale, has not been
widely used in SSc (42).

The Scleroderma Assessment Questionnaire is a self-
assessed measure ranging from 0-3 for several questions
including vascular, respiratory, gastrointestinal, musculo-
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skeletal, and overall disease status with 23 questions di-
vided into 4 groups. The questions include the HAQ and
other questions (43,44). It has face validity and is sensitive
to change, but currently is not commonly used. Another
measure that has not been validated is the Systemic Scle-
rosis Questionnaire, which includes general, organ-spe-
cific, and musculoskeletal complaints (45). There are other
proposed functional scales (46—48).

GLOBAL ASSESSMENTS IN SYSTEMIC
SCLEROSIS (SSc; SCLERODERMA)

PHYSICIAN- AND PATIENT-RATED GLOBAL
ASSESSMENTS

Description

Global assessments are rated by the observer (usually a
physician) or the patient. They may be rated from 0-100
with a continuous visual analog scale (VAS) or a Likert
scale with, for example, a 10-point rating or a change scale,
such as a 7-point scale (from —3 to +3 including 0 in the
center for no change). There is no standardization for the
scale, but usually a low number indicates less disease
activity. They can also rate severity, damage, or overall
disease. Neither the question or the recall period is stan-
dardized (e.g., a global assessment may ask the patient to
rate overall disease activity or the way that SSc has af-
fected her/him over the last month, week, or today since
the last visit).

Purpose. The global assessments are very easy and are
used in both clinical practice and research studies to quan-
tify the disease activity or severity (or whatever is being
asked). The most frequent rating is SSc overall disease
activity.

Content. There may be one scale (e.g., an overall global
assessment) or several scales (e.g., organ areas or Ray-
naud’s phenomenon symptoms).

Developer. None.

Number of items in scale. There may be 1 global assess-
ment each for the patient and physician to complete,
and/or an additional series of global assessments of each
organ system. There may be questions with respect to
activity, damage, and severity.

Scoring. Scoring is easy and may be a 10-cm or 15-cm
VAS and converted to 0-100 for the former or 0-3 for the
latter. Likert scales do not usually have measurement in
between the numbers provided such as 0,1,2-9,10. It takes
only a few seconds to complete and to score.

Reliability. Test-retest reliability has been calculated
for physician and patient global assessments (49). Mea-
sures with inherent interpretation such as global assess-
ments and skin scores were found to have increased vari-
ability than easily-performed measurements such as grip
strength and oral opening. However, there was good repro-
ducibility within observers, but moderate between observ-
ers’ intraclass correlation coefficients (ICCs). The patient
global assessment has very good reproducibility (33). The
relatedness of physician global assessments in SSc for
disease activity, severity, and damage has been calculated

ranging from p = 0.77 for severity and activity to p = 0.61
for damage and activity (50).

Validity. There is some face validity since a patient or
rater is asked to determine overall disease activity or se-
verity. The question may be open to interpretation. The
ratings are different between the patient and the physician,
so they are measuring different things. There are higher
scores in general for diffuse cutaneous SSc (dcSSc) versus
limited cutaneous SSc (1cSSc) (50). A large Canadian data-
base (Canadian Scleroderma Research Group) and a Mich-
igan database demonstrated that there is discordance be-
tween the patient and physician global assessments.
Patients perceived greater disease severity than physicians
(mean * SD difference 0.78 * 2.65). The agreement be-
tween patient and physician assessments of disease sever-
ity was modest (ICC 0.38, weighted k = 0.38). Both patient
and physician scales were related to skin scores, breath-
lessness, and pain, but the relative importance of these
predictors differed. Patients were also influenced by other
subjective symptoms, while physicians were also influ-
enced by disease duration and creatinine. The predictors
explained 56% of the deviance in the patient global as-
sessments and 29% in the physician assessments (51).
This makes sense as they are not measuring the same
things and are both necessary end points for measuring the
status of a patient with SSc. Disease activity was rated
higher for dcSSc (especially early dcSSc) compared to
1¢SSc (50).

Sensitivity to change. Low Health Assessment Ques-
tionnaire (HAQ) scores predicted improvement in the phy-
sician global assessment in clinical practice over 1 year
(31). In the D-penicillamine trial, multivariate logistic re-
gression demonstrated that the physician’s global assess-
ment of improvement was best explained by a model with
skin score and HAQ (R* = 0.46) (52). Skin scores and
patient global assessments were correlated with improve-
ment in 2 early dcSSc trials (r = between 0.25 and 0.35)
(18). The minimal important differences for patient global
assessment in SSc have been calculated in clinical practice
and are very small (4—6.7 on 100-mm VAS) (22). Mini-
mum clinically relevant important differences from a phy-
sician’s perspective, obtained by expert opinion and Del-
phi consensus, were 3-7.5 units of the modified Rodnan
skin thickness score, 8—13 for physician global (out of
100), and, similarly, 10-12 for patient global assessment
(out of 100) (34).

Critical Appraisal of Overall Value to the
Rheumatology Community

Global measurements are important and easy to use. They
have some validity and give a rating to what the patient
perceives as important for a patient-reported global assess-
ment. It is difficult for a patient living with a complex
disease such as SSc to know the difference between dis-
ease activity and damage, so the physician and patient
global assessments may be very different (51). The global
assessment question depends on what is asked, since stan-
dardization is lacking and different questions may have
variable sensitivity to change, i.e., severity may or may not
change, damage will potentially worsen over time but not
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improve, and disease activity within a study can change
for the better or worse or remain stable. In addition, pa-
tients and physicians are not measuring the same things or
they are weighing them differently and therefore differ-
ences between patient and physician global ratings do
occur (51). The physician assessor may score serious organ
involvement that is active as worse than mild complica-
tions, whereas a patient rates what they are feeling and
may score a digital ulcer or gastrointestinal problem higher
than a serious organ involvement, especially if the latter
has minimal symptoms. Continuous and Likert scales are
not completely interchangeable.

PAIN ASSESSMENTS IN SSc

Description

Pain in SSc is most often assessed by visual analog scales
(VAS), Likert, or change scales. Questions are not different
from other generic pain scales except there could be attri-
bution, such as overall pain from SSc, Raynaud’s phenom-
enon (RP) pain, or digital ulcer pain, or there is no attri-
bution (such as overall pain compared to attribution
asking about pain from SSc or from a specific problem
such as RP, digital ulcers, skin involvement, arthritis, or
gastrointestinal [GI] problems).

Purpose. Self-administered scale to rate SSc-related
pain.

Content. Scale or scales on pain.

Developer. None.

Number of items in scale. Single item, part of other
scales (such as overall disease, overall pain, or digital ulcer
pain), or part of a multiquestion pain questionnaire. The
Raynaud’s Condition Score (RCS) and Symptom Burden
Index contain pain questions. There may be subscales of
various pain areas (from RP, ulcers, GI, overall, etc.).

Scoring. The Health Assessment Questionnaire (HAQ)
pain scale is 15 cm with a conversion from 0 (no pain) to
3 (100% pain). The measured number on the scale is
divided by 5 cm to make it be scaled appropriately for the
HAQ pain scale. Other scales could be numbers, Likert, or
100-mm VAS. Completion should be less than a minute.
Scoring is also fast.

Reliability. Pain is correlated with other patient-re-
ported outcomes of disease activity in RP with SSc (6).
Pain is very common in SSc with mean pain of ~40 out of
100 in a clinic setting (22). In a large SSc study, 83% of
patients had pain, half of whom had mild pain (1-4 out of
10); one quarter had moderate pain (5-7), and 10 had
severe pain (8—10). More frequent RP attacks, active ul-
cers, worse synovitis, and GI symptoms were associated
with pain. Overall pain was worse in diffuse cutaneous
SSc (53). The modified Rodnan skin thickness score is
strongly associated with pain (54). Higher pain scores are
also associated with more alteration of body image in SSc
(55).

Validity. The pain scale is validated in SSc (content)
alone and with the HAQ or RCS (4,6). The mean = SD pain
in SSc patients is 41 = 26 out of 100 (22).

Sensitivity to change. In many effective therapies for RP
in SSc, the pain scale improves (56). The minimum im-

portant difference (MID) for pain in SSc clinical practice
on a 100-mm VAS is from 3.6—8 for pain (22). Physicians
perceived the MID for pain in SSc to be 0.2-0.3 (out of 3)
(34).

Critical Appraisal of Overall Value to the
Rheumatology Community

Pain is likely under-recognized in SSc and is important to
measure. There is a lack of standardization for the time
frame and actual question in SSc with respect to pain.
There can be overall pain as well as organ-specific pain
questions, and scales can be 100-mm, 15-cm, Likert, and
even descriptive. The same limitations of global assess-
ments apply to the assessment of pain. Pain and attribu-
tion from disease under study or other problems are very
difficult for patients, and some pain questions may be
about disease-related pain while another scale may be
about overall pain. Therefore, mechanical back pain
would not be included in the former, but it would in the
latter. However, the test-retest reliability should not be
affected in either scenario, but the attribution to SSc is not
necessarily present in a question that asks about overall
pain. In addition, even if asked about SSc-specific pain,
many patients rank all their pain as they do from their
disease. It has been found that patients have problems
distinguishing SSc from other comorbidities (57). Pain can
be from disease activity or damage and therefore may not
be responsive to treatment.

FATIGUE

Fatigue is a very common complaint in SSc, but there are
no specific SSc fatigue scales. As with other rheumatic
diseases, pain and fatigue are significant determinants of
quality of life in SSc (58). The minimal important differ-
ence for fatigue in SSc clinical practice is from 3.8-10.0
out of 100, and a sleep problems visual analog scale was
from 5.9-18.5 (22). A detailed review of fatigue scales has
recently been completed (59).

SYSTEMIC SCLEROSIS (SSc; SCLERODERMA)-
SPECIFIC MEASURES OF QUALITY OF LIFE

SYMPTOM BURDEN INDEX (SBI)

This is a self-reported questionnaire for SSc.

Description

The SBI was developed to determine the effects of SSc in
several domains that impact quality of life (QOL) (7). The
SBI has 8 major symptomatic areas (skin, hand mobility,
calcinosis, shortness of breath, eating, bowel, sleep, and
pain) (7).

Purpose. The SBI determines the effects of SSc from a
patient’s perspective in several domains beyond physical
function and generic health-related QOL instruments. It is
a patient-reported instrument, measuring burden of illness
in SSc (7).
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Content. The domains consist of several areas with 5
questions in each domain with Likert scales for each ques-
tion.

Developer. M. A. Kallen and Maria E. Suarez-Almazor,
University of Texas.

Number of items in scale. Eight major symptomatic ar-
eas of importance to patients are included (skin, hand
mobility, calcinosis, shortness of breath, eating, bowel,
sleep, and pain), with 5 items each per area with a 0-10
Likert scale. The questions are based on how much, how
often, how much interference, how often interfering, and
how important is this to the patient.

Scoring. There are 40 questions (5 questions in each of
8 domains). Scoring is done for each scale with the average
burden score reported per problem area (in 8 domains) on
an 11-point scale (from 0-10). The SBI also gives the
number of patients experiencing each SSc-related problem
in a group of SSc patients and the number of problems
experienced by each patient.

Reliability. Inter-item and item-total score correlations
per item set were all moderate to high, and internal con-
sistency reliability estimates were high. These scale char-
acteristics reflect the small to moderate item score ranges
observed per item set from 0.4-2.2 (7). Patients had a mean
of 5.7 problems with one-third having 0-5 problems and
another one-third having 7 or 8 problems in the total of 8
domains.

Validity. The SBI is partially validated in a single site
study with 62 SSc patients. Scores in each domain corre-
lated with the Health Assessment Questionnaire (HAQ)
and Medical Outcomes Study Short Form 36 (SF-36). For
the HAQ, correlations of each SBI scale ranged from 0.3—
0.6 and were statistically significant. For the SF-36, higher
SBI scores negatively correlated with the SF-36 for both
the mental and physical components (7).

Construct validity. Focus groups were tested in order to
develop the domains of importance to patients with SSc
(60). Except for a few correlations comparing shortness of
breath to other domains, all other domains were statisti-
cally significantly related to the other domains with low to
moderate correlations. However, the burden scores across
problems were relatively independent.

Sensitivity to change. Sensitivity to change has not yet
been demonstrated.

Translations/adaptations. This has not yet been done.

Critical Appraisal of Overall Value to the
Rheumatology Community

The 8 problem areas each have a score and are somewhat
independent from the other problems, and SBI scores cor-
relate with the HAQ and SF-36. Especially pain (localized
or generalized), fatigue, and malaise were reported to have
a major influence on QOL. Gastrointestinal (GI) symptoms
were prevalent and had high scores. This could potentially
be used in clinical practice and in research. The SBI
should be further studied in other cohorts and sensitivity
to change is important to determine if the SBI will be used
in the future as an outcome measurement in treatment
trials. The Scleroderma HAQ visual analog scales for GI,
lung, and pain have not been compared with the SBI,

where one would expect very strong correlations with the
respective scales.

GASTROINTESTINAL (GI) SCALES

The GI tract is a source of considerable discomfort, mor-
bidity, and mortality in patients with SSc. The approach to
GI tract-related outcome measures logically follows the
pathogenesis, including dysmotility (dysphagia, early sa-
tiety, bloating, small bowel bacterial overgrowth, and mal-
absorption), patent lower esophageal sphincter with gas-
troesophageal reflux disease, watermelon stomach causing
anemia, and obstipation or constipation from large bowel
dysmotility, etc. Measures have been validated for ma-
nometry and for esophageal and gastric transit time, but
these measures may not change significantly in the time-
frame of SSc trials. Often, measures are used that have
been successful in other GI diseases.

UNIVERSITY OF CALIFORNIA, LOS ANGELES,
SCLERODERMA CLINICAL TRIALS
CONSORTIUM GASTROINTESTINAL SCALE
(UCLA SCTC GIT) 2.0

Description

Khanna et al have validated and improved upon the SSc
GIT 1.0, shortening it to the UCLA SCTC GIT 2.0 instru-
ment, which can potentially be used as an outcome for
randomized controlled trials in SSc-associated gastrointes-
tinal (GI) involvement (5,61). This is a 7—multi-item scale
with areas of reflux, distention/bloating, diarrhea, fecal
soilage, constipation, emotional well-being, and social
functioning and has been shown to have a good test-retest
reliability (5).

Purpose. To have a self-reported GI quality of life (QOL)
tool specifically for the range of problems that can occur in
SSc and to be able to score the instrument, looking for
changes over time or within a trial.

Developer. Dinesh Khanna, et al. University of Califor-
nia, Los Angeles.

Number of items in scale. There are 34 items in the
UCLA SCTC GIT 2.0 instrument. The 7 multi-item scales
include reflux, distention/bloating, diarrhea, fecal soilage,
constipation, emotional well-being, and social function-
ing.

Scoring. Version 2.0 consists of 34 items scored from
0-3, with lower values indicating better health-related
(HR) QOL. The total UCLA SCTC GIT 2.0 score averages 6
of 7 scales (excluding constipation) and is scored from 0
(no GI problems) to 3 (most severe).

Reliability. Test-retest reliability estimates were =0.68
(5).

Validity. Self-rated severity of GI involvement has
spanned no symptoms to very mild (39%), mild (21%),
moderate (31%), and severe/very severe (9%) (5). It is also
related to poor sleep (62).

Discriminant validity. Symptom scales were also able
to discriminate subjects with corresponding clinical GI
diagnoses. The total UCLA SCTC GIT 2.0 score, developed
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by averaging 6 of 7 scales (excluding constipation), was
reliable and provided greater discrimination between
mild, moderate, and severe self-rated GI involvement than
individual scales.

The 2.0 version was developed using the 52 items from
the SSC-GIT 1.0 and 1 rectal incontinence item, grouped
into 8 scales based on content: reflux, distention/bloating,
diarrhea, fecal soilage (to assess rectal incontinence), con-
stipation, pain, emotional well-being, and social function-
ing (5). Version 2.0 contains 34 items and is scored from
0-3, with lower values indicating better HRQOL. There-
fore, in version 2.0, 7 multi-item scales (reflux, distention/
bloating, diarrhea, fecal soilage, constipation, emotional
well-being, and social functioning) are included. The
UCLA SCTC GIT 2.0 instrument was correlated with de-
pression (except for the parameter of fecal soilage) (63).

Critical Appraisal of Overall Value to the
Rheumatology Community

The UCLA SCTC GIT 2.0 scale has been partially vali-
dated. It is unknown if this will be sensitive to change in
a GI treatment trial. In patients with very frequent symp-
toms, a moderate improvement may not be detected since
the symptoms could still be frequent even if occurring far
less often. No comparison of the UCLA SCTC GIT 2.0
questionnaire and the GI visual analog scale on the Sclero-
derma Health Assessment Questionnaire was found in the
literature search.

OTHER GI SCALES IN SSc

Another scale that is not SSc-specific is the Gastrointesti-
nal Quality of Life Index (64), which is a validated 52-item
questionnaire capturing SSc-related gut dysfunction given
to more than 400 SSc clinic patients assessing the fre-
quency and impact of 5 categories of symptoms. There was
a positive correlation between diarrhea scores and pulmo-
nary fibrosis (r = 0.13), but not with other organs. In
addition, limited cutaneous SSc and diffuse cutaneous
SSc did not score differently; this is expected for GI dis-
ease in SSc, which is virtually universal (65).

GASTROESOPHAGEAL REFLUX DISEASE
(GERD)

GERD is extremely common in SSc and is often severe.
There are scales that have been used in SSc that assess
GERD, such as the Frequency Scale for the Symptoms of
GERD (FSSG), and visual analog scales (66). One study in
severe GERD used gut pH measurements, which did not
differentiate active treatment from placebo, but the study
was negative with respect to the FSSG and quality of life
(67). This study compared ranitidine to placebo on back-
ground double-dose proton pump inhibitors for severe
GERD in SSc patients. Therefore, we cannot conclude if
pH measurements of the gut are useful as an outcome in
SSc randomized controlled trials. The testing is invasive
and needs training to be performed. The trial was also
likely underpowered.

DYSPNEA MEASUREMENTS USED IN SSc-
ASSOCIATED INTERSTITIAL LUNG DISEASE
(ILD)/PULMONARY FIBROSIS

There is no fully validated dyspnea questionnaire in SSc.
In addition, the quality of life (QOL) in SSc patients with
ILD may be impacted by cough, which is not captured on
questionnaires that have been studied in SSc. Numerous
dyspnea scales have been published in other diseases such
as chronic obstructive pulmonary disease (COPD) and id-
iopathic pulmonary fibrosis.

The dyspnea questionnaire by Mahler et al includes the
Baseline Dyspnea Index (BDI) and Transition Dyspnea In-
dex (TDI) (68). The Modified Medical Research Council
Scale and the Oxygen Cost Diagram are widely used tools
for evaluation of limitation of activities due to dyspnea
that are used in COPD (68—-72) but not SSc-associated ILD.
There is an activity of daily living dyspnea scale, the
Modified Dyspnea Index, and dyspnea scales from the
Scleroderma Health Assessment Questionnaire (HAQ) and
the Symptom Burden Index (4,7,73). Dyspnea is signifi-
cantly related to function and QOL. A model including
age, sex, disease duration, disease severity, and dyspnea
explained one-third, 10%, 40%, and 30%, respectively, of
the variance of the HAQ (74). The BDI and TDI from the
questionnaire by Mahler et al (68) will be reviewed more
extensively since being used in a SSc lung disease trial of
cyclophoshamide, and there has been some validation in
SSc of these instruments (75). The Borg Dyspnea Index is
a measurement by which dyspnea is assessed following
the 6-minute walk and has only been partially validated in
ILD and pulmonary hypertension (76). The Modified Borg
Dyspnea Scale is numerical and describes the severity of
dyspnea.

BASELINE DYSPNEA INDEX (BDI) AND
TRANSITION DYSPNEA INDEX (TDI)
(MAHLER’S INDEX)

Description

The BDI and TDI measure dyspnea at one point in time
and then how it has changed at another time point (68). It
can be self- or interviewer administered.

Purpose. To measure the severity of dyspnea at a point
in time and in followup to determine if there is change
(improving, the same, or worsening), as well as to evaluate
the severity of dyspnea as the changes are added to the
baseline score.

Content. For Mahler’s dyspnea scales, the BDI is de-
signed to rate the severity of dyspnea at a single time point,
and the TDI is designed to capture a change (or no change)
from the baseline assessment. Each index rates 3 different
categories: magnitude of task, magnitude of effort, and
functional impairment. Each category has 5 grades ranging
from O (severe) to 4 (unimpaired) added together for a
baseline focal score (range 0—12). At the transition period,
changes in dyspnea were rated by 7 grades, ranging from
—3 (major deterioration) to +3 (major improvement). The
ratings for each of the 3 categories for the TDI were added
to form a transition focal score (range —9 to +9) (68).
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Developer. D. A. Mahler, D. H. Weinberg, C. K. Wells,
and A. R. Feinstein.

Number of items in scale. Each index rates 3 different
categories: magnitude of task, magnitude of effort, and
functional impairment. Each category has 5 grades ranging
from O (severe) to 4 (unimpaired). At the transition period,
changes in dyspnea were rated by 7 grades, ranging from
—3 (major deterioration) to +3 (major improvement).

Scoring. Each category is added together for a baseline
score (range 0—12) as a maximum of 4 for each of 3 scales.
For the TDI, the ratings for each of the 3 categories were
added to form a transition focal score (range —9 to +9).
TDI has improvement as major, moderate, or minor corre-
sponding to improvement on the scale as 7-9, 4—6, and
1-3, respectively, and conversely there is deterioration if
the scales show worsening (—1 to —3 for minor, —4 to —6
for moderate, and —7 to —9 for severe).

Reliability. This has not been fully tested in SSc, but
the instrument was used successfully in a scleroderma
lung study (SLS) using cyclophosphamide versus placebo
(75).

Validity. The original indices were validated in men,
most of whom had chronic obstructive pulmonary disease
(68).

Construct validity. Not fully tested in SSc; in the SLS,
baseline scores of the BDI and visual analog scale (VAS)
for breathing were highly correlated (r = —0.61). Medical
Outcomes Study Short Form 36 (SF-36) scores were able to
differentiate patients with more breathlessness (measured
by BDI and VAS for breathing) (77).

Face validity. In the SLS, there was face validity for the
Mahler dyspnea scale, since a larger proportion of patients
treated with cyclophosphamide obtained at least the min-
imum important difference (MID) compared to placebo in
the TDI (78).

Predictive validity. Not tested in SSc.

Sensitivity to change. Using the SF-36 transition ques-
tion and defining the MID as patients who rated them-
selves as a little better or a little worse in the SLS, the MID
was estimated for the TDIL. TDI improvement and worsen-
ing, respectively, ranged from 1.05 to 2.16 (mean 1.5) and
from —0.61 to —2.55 (mean —1.5) (79). More patients on
cyclophosphamide achieved a MID for the TDI (46% for
cyclophosphamide versus 13% for placebo) (78). The
mean TDI change was higher in the cyclophosphamide
group (75). Other measurements such as changes in fibro-
sis on high-resolution computed tomography were associ-
ated with changes in dyspnea (80).

OTHER LUNG SCALES IN SSc

There is face validity of the Saint George’s Respiratory
Questionnaire (81) in the evaluation of the health-related
quality of life in SSc associated with interstitial lung
disease (82). An exercise program in SSc found that a
significant proportion of patients with SSc experienced an
improvement in the Saint George’s Respiratory Question-
naire and exercise tolerance (83).

PULMONARY ARTERIAL HYPERTENSION
(PAH) IN SSc

PAH randomized controlled trials often do not measure a
dyspnea questionnaire. Therefore, standardized dyspnea
questionnaires may or may not be sensitive to change in
SSc-associated PAH. A Delphi exercise for PAH in SSc
suggested the domains should include lung vascular, ex-
ercise testing, cardiac function, dyspnea (as measured by a
visual analog scale [VAS]), discontinuation of treatment,
quality of life, and physician global assessment. These
could be measured by right heart catheterization, echocar-
diography, exercise oxygen saturation, 6-minute walk dis-
tance, Medical Outcomes Study Short Form 36, the Health
Assessment Questionnaire (HAQ), and survival as well as
adverse events (84).

The New York Heart Association and World Health Or-
ganization functional class systems are essentially the
same and are divided into 4 categories: no restriction of
activities (class I), mild restriction (class II), moderate
(class III), and severe inability to do activities of daily
living with dyspnea even at rest (class IV) (85,86). There is
a large potential range of severity in class II and III pa-
tients, so refining a dyspnea questionnaire would be valu-
able. There is a lack of correlation between the HAQ in SSc
and PAH with respect to functional class at baseline and
with treatment (87). The SSc community via a Delphi
exercise rated that outcome measurements in SSc PAH
should include severity of dyspnea measured on a VAS
(84).

PULMONARY ARTERIAL HYPERTENSION
(PAH)-SPECIFIC QUALITY OF LIFE
INSTRUMENT: CAMBRIDGE PULMONARY
HYPERTENSION OUTCOME REVIEW
(CAMPHOR)

Description

CAMPHOR is a PAH-specific quality of life (QOL) measure
and not specifically for SSc. It is the first pulmonary hy-
pertension—specific instrument for assessing patient-
reported symptoms, functioning, and QOL, with scales
including overall symptoms (made up of energy, breath-
lessness, and mood subscales), functioning and QOL. This
has not been validated specifically in SSc-associated PAH
(8).

Purpose. This instrument is to be used in PAH to assess
QOL. It should quantify the effects of PAH on QOL, as-
sessing impairment, disability, and needs-based QOL.

Content. Questions about symptoms, function, energy,
mood, breathlessness, and QOL.

Developer. Galen Research (S. P. McKenna, N. Doughty,
D. M. Meads, L. C. Doward, and J. Pepke-Zaba).

Number of items in scale. CAMPHOR has 3 scales in-
cluding overall symptoms, functioning, and quality of life
with 65 items (8). The overall symptoms category has the
subscales of energy, breathlessness, and mood. The instru-
ment consists of 25 items for impairment, 15 for function-
ing, and 25 for QOL.
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Reliability. The CAMPHOR scales have good reproduc-
ibility (0.86—0.92 for test-retest correlations) when tested
in idiopathic PAH (8), but it has not been tested in SSc.

Validity. The CAMPHOR scales have very good internal
consistency (e = 0.90-0.92) (7).

Face validity. The CAMPHOR utility score appears bet-
ter able to distinguish between World Health Organization
functional classes (IT and III) than the EuroQol 5-domain
and Short Form 6D (88).

Construct validity. The CAMPHOR scales have conver-
gent, divergent, and known-groups validity (8).

Predictive validity. Patients remaining in the New York
Heart Association (NYHA) class III experienced, on aver-
age, a significant improvement (CAMPHOR Utility Index
and functioning), which exceeded the minimum impor-
tant difference (MID) when PAH was treated (89).

Sensitivity to change. The CAMPHOR Utility Index has
face validity and is responsive to change in PAH, but is not
SSc specific. Patients can experience meaningful improve-
ment even if they do not improve on functional class
(which could require a larger change in status), and the
CAMPHOR Utility Index distinguished between adjacent
NYHA classes and correlated with 6-minute walking test
(6MWT) results. CAMPHOR subscales and utility were as
responsive as the 6MWT (effect sizes range 0.31-0.69 for
the CAMPHOR and 0.16—0.34 for the 6MWT). The within-
group MID for the CAMPHOR Utility Index is 0.09 (89).

Translations/adaptations. CAMPHOR has been vali-
dated in the US (90). It has also been adapted to French
Canadian and English Canadian (91). There is also a ver-
sion for English in Australia.

RAYNAUD’S PHENOMENON (RP) AND
DIGITAL ULCERS

Raynaud’s Condition Score has been validated in RP asso-
ciated with SSc and will be discussed in detail, whereas
there will only be a brief overview of DU.

DIGITAL ULCERS (DU)

It has been suggested that core measures for Raynaud’s
phenomenon (RP) in SSc clinical trials contain the Ray-
naud’s Condition Score, physician and patient global as-
sessments of RP activity, a DU measure, measures of dis-
ability and pain (Health Assessment Questionnaire), and
measures of psychological function/generic quality of life
(Arthritis Impact Measure 2 or Medical Outcomes Study
Short Form 36) (6). Outcomes in DU are not standardized.
There is no consensus on which DU measurements should
be included in SSc DU trials. DU assessments may include
visual analog scale (VAS) for RP, DU pain scales, number
of digital ulcers, size of DU, burden of DU, healing or
partial healing of DU (all or a cardinal ulcer), prevention of
new DU, proportion of patients affected by DU, mean
number of DU per patient, and VAS for physician and
patient global assessments (92). As would be expected,
within a 3-month SSc ulcer study there were significant
correlations between ulcer dimension and pain VAS (r =
0.42, P < 0.001) (93).

RAYNAUD’S CONDITION SCORE (RCS)

Description

The RCS is a self-reported global assessment of Raynaud’s
phenomenon (RP) activity using a 0—10 ordinal scale,
which incorporates the cumulative daily frequency, dura-
tion, severity, and impact of RP attacks. A composite score
from daily measures is then calculated (6).

Purpose. To estimate the overall effect of RP.

Content. The RCS is a daily self-assessment of RP activ-
ity using a 0—10 ordinal scale that incorporates the cumu-
lative daily frequency, duration, severity, and impact of RP
attacks.

Developer. Peter Merkel, et al. Boston University.

Number of items in scale. One item with an 11-point
ordinal scale (0—10), completed on a daily basis, and then
an overall summary score is calculated for a defined period
of time. There are no subscales.

Scoring. The number on the ordinal scale completed
daily is added and divided by the number of days it has
been completed to get a mean RCS for a period of time.

Reliability. It was found to be reliable when analyzing
data from a trial (94).

Validity. In a recent randomized controlled trial (RCT)
of tadalafil versus placebo, improvement in the frequency
and duration of RP, RCS, healing and number of new
digital ulcers (DUs), Scleroderma Health Assessment
Questionnaire (SHAQ), and patient and physician global
assessments significantly improved with active treatment
(94).

Construct validity. Merkel et al have demonstrated the
construct, content, criterion, and discriminant validity of
the RCS, HAQ), and 12 visual analog scales (VAS) for RP in
scleroderma using data from a RP RCT (6). There were
relevant associations between the outcome measures and
the patient and physician global assessments of RP activ-
ity.

Predictive validity. RCS can discriminate between
those with and without DUs (6).

Sensitivity to change. RCS has been studied to deter-
mine the change needed to be clinically relevant in an RP
trial. The minimum important difference score for the RCS
for improvement is from —13.9 to —14.3 points (95). The
patient acceptable symptom state was 34 (scale 0—100).

Critical Appraisal of Overall Value to the
Rheumatology Community

Many clinicians and even researchers do not routinely use
or interpret the RCS. In trials, it is often performed in
addition to recording the frequency, severity, and duration
of attacks. Therefore, the added value of the RCS is not
fully determined. There is an advantage if a day of data are
missing in an RP trial, since the score can still be calcu-
lated with the data that are completed, whereas if a day is
missed then the frequency and duration of RP over 2
weeks cannot be calculated. There is a theoretical advan-
tage to having a single scale that incorporates the impact of
RP. Confusion between a 0—10 ordinal scale summary
score of RCS and other Raynaud’s scales may occur; how-
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ever, the RCS is labeled accordingly whereas the other
scales are often continuous VAS scores for RP.

HAND FUNCTION INSTRUMENTS FOR SSc

A detailed review for hand function scales has been per-
formed elsewhere (96). However, some SSc studies related
to hand function will be briefly reviewed. The Cochin
Hand Function Scale has had good construct validity and
its total score explained 75% of the variance of the Health
Assessment Questionnaire in SSc patients (20). The Du-
ruoz Hand Index was studied for test-retest reliability and
intraclass correlation coefficients were very good (0.81—
0.97) (48). The UK SSc Functional Score (17) and the
Michigan Hand Questionnaire (97) also measure hand
function. The latter may not be very useful for SSc hand
function and has been rarely used for digital ulcer assess-
ment (92).

THE MOUTH HANDICAP SCALE IN SSc

The majority of patients with SSc have oral problems
including reduced oral opening, difficulties with dry
mouth, and functional impairment with respect to oral
hygiene. Mouthon et al have published the Mouth Hand-
icap Scale in Systemic Sclerosis (98). It has 12 items with
each scored from 0-4 (total score range 0-48). The
mean * SD total score of the scale was 20.3 = 9.7. The
test—retest reliability was 0.96. Divergent validity was con-
firmed for global disability (Health Assessment Question-
naire; r = 0.33), hand function (Cochin Hand Function
Scale; r = 0.37), interincisor distance (r = —0.34), handi-
cap (McMaster-Toronto Arthritis questionnaire; r = 0.24),
depression and anxiety using the Hospital Anxiety and
Depression (r = 0.26 and r = 0.17 for depression and
anxiety, respectively). Three factors within the scale could
explain two-thirds of the variance (98).

DISCUSSION

Many important instruments were not discussed in this
review. Also, some articles may have been missed by the
search strategy. Validation and reliability testing varied,
where in some instruments (such as Raynaud’s Control
Score [RCS]) it was tested within a randomized controlled
trial (RCT). For others there was cross-sectional testing at a
single site (Symptom Burden Index). The University of
California, Los Angeles, Scleroderma Clinical Trials Con-
sortium Gastrointestinal Scale will likely be used within a
treatment trial to determine its sensitivity to change. The
Cambridge Pulmonary Hypertension Outcome Review
needs validation in systemic sclerosis (SSc) if it is to be
used for pulmonary arterial hypertension in SSc. How-
ever, for the instruments that were included, many have
been partially validated in SSc, which is important for
future research. Some lack testing for sensitivity to change.
The global assessments (as in any rheumatic disease) do
not have standardized questions or time frames but have
been found to be sensitive to change within studies. There
are also validated measurements that are not completed by

the patients that are valuable in routine care and trials,
such as the Modified Rodnan Skin Thickness Score.

There are also differences in minimum important differ-
ences (MIDs) when comparing how they were derived,
such as in the Health Assessment Questionnaire (HAQ)
(22,23,34). The MID in a trial of early diffuse cutaneous
SSc (dcSSc) is not the same as expert determined. In the
clinic with limited cutaneous SSc and dcSSc patients,
many of whom may have been relatively stable, and in the
latter methodology, the mean change in HAQ did not make
sense since it was below the limit of the scale to detect
change (22). This could also illustrate that patients may be
worse with SSc that is unrelated to worsening function
(and due to symptoms in other domains such as lung,
gastrointestinal, Raynaud’s phenomenon, etc.).

In addition, for use as outcomes in clinical trials, the
sample size calculations can be different for instruments
such as the HAQ, functional index, and physician global
assessment due to variability in the measures in a group of
SSc patients (99). This is important when selecting out-
come measurements in clinical trials since some may be
more apt to change within a given sample size.
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