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Abstract

Objectives. To evaluate the clinimetric properties of the Academic Medical Centre Disability Score (ALDS) in
patients with idiopathic inflammatory myopathy (1IM).

Methods. We used prospectively collected data of IIM patients who completed a phase-2 study with first-line
IVIG monotherapy. The ALDS is a patient-reported questionnaire which contains 25 items relevant for disability in
myositis. ALDS and all core set measures (CSMs) for myositis [including HAQ-Disability Index (HAQ-DI)] were eval-
uated at baseline and 9weeks follow-up. In addition, the 2016 ACR/EULAR myositis response criteria outcome
called Total Improvement Score (TIS) was evaluated at 9weeks. We examined floor/ceiling effects, reliability and
construct validity of the ALDS. To examine known-group validity, ALDS change scores over time were compared
with TIS and physician impression of clinical response.

Results. Nineteen patients with IIM [median age 59years, 12 (63%) female] were enrolled. At baseline, ALDS showed
a median score of 65.4 (IQR 58.2-73.5), good Cronbach’s alpha (x=0.84) and a small ceiling effect (11%). Construct
validity was confirmed by moderate to strong correlations between ALDS and HAQ-DI [rs=—0.57 (baseline); —0.86
(follow-up)]. ALDS change score correlated with TIS (rs=0.70), discriminated between responders and non-responders
(TIS>40; P=0.001), between groups based on physician impression of clinical response (P=0.03), and detected
deterioration.

Conclusion. The ALDS showed promising clinimetric properties and detected relevant changes in disability in
patients with myositis. These results warrant further investigations.
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SCIENCE

Rheumatology Key messages

e The ALDS has promising clinimetric properties in newly diagnosed patients with idiopathic inflammatory
myopathy.
e The ALDS detects changes in disability, including deterioration.

Introduction Recently, the ACR and EULAR approved validated re-

sponse criteria called Total Improvement Score (TIS) to
Assessment of treatment effects in patients with idio-  assess treatment effect in [IM patients. TIS is a compos-
pathic inflammatory myopathy (IIM) is challenging [1, 2].  ite measure combining disability, different measures of

disease and patient’s and physician’s impressions [3, 4].
Despite the increasing use of TIS in clinical practice and
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measures that specifically represent (single) domains.
Functioning, captured by outcome measures that assess
disability, is one of the most important outcome meas-
ures from a patient’s perspective [1, 5].

Disability in the TIS composite score is measured by
the HAQ Disability Index (HAQ-DI) which has been
adopted from rheumatoid arthritis and has not been fully
validated in myositis. The HAQ-DI is an ordinal scale
that has some methodological shortcomings in terms of
clinimetrics [6].

Linear scales (as opposed to ordinal scales, such as
the Myositis Activity Profile questionnaire) are based on
Item Response Theory with one of the unique advan-
tages that similar change scores on different points on a
scale represent similar changes in function. The
Academic Medical Center Linear Disability Score (ALDS)
is a linear scale and enables the use of a subset of
items from an item bank to obtain a detailed picture of
disability. ALDS has been validated in patients with
stroke, Parkinson’s disease and rheumatoid arthritis [7—
10]. We aimed to evaluate the clinimetric properties of
the ALDS in IIM patients.

Methods
Patients

We included adult patients with newly diagnosed,
treatment-naive, biopsy-proven IIM with a disease dur-
ation of <9months and a minimal disability of at least
10% loss on manual muscle testing (MMT)-score. We
used data of all patients included in a phase-2 open-
label study investigating IVIG as first-line monotherapy
(IMMEDIATE study) [11].

Patient data

Data were obtained at baseline (upon inclusion, before
treatment) and after 9 weeks of treatment and included
demographic and disease variables [11], ALDS question-
naire, core set measures (CSMs) and EQ5D5L (a generic
quality of life measure) [12]. The study was conducted in
accordance with the Declaration of Helsinki and the eth-
ical committee of the Amsterdam Medical Centre
approved the study protocol. All patients gave written
informed consent.

The CSMs include the Physician Global Activity,
Patient Global Activity, MMT, HAQ-DI and Muscle
Enzyme and Extramuscular Activity. The TIS is obtained
by adding up all the weighted individual improvement
scores of the six core measurements and ranges from
zero to 100 [3]. The EQ5D5L consists of five dimensions
(e.g. mobility) with five response levels, leading to a five-
digit index that can be transformed to a total quality of
live score [13]. The physician impression of clinical re-
sponse (PICR), assigned by the treating physician, was
based on all available information except TIS, and
included the categories slightly, moderately and marked-
ly improved and slightly, moderately and markedly
deteriorated.
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ALDS questionnaire

The ALDS is a generic item bank of 73 ADL items
ordered from simple to complex activities. A panel of
three physicians with myositis expertise and a patient
(myositis representative of the Dutch Patient Association
of Neuromuscular Diseases) selected 25 relevant items
with a wide range of complexity (Supplementary Data S1,
available at Rheumatology online). The properties of the
scale, in terms of the Item Response Theory (IRT) and
the linearity of the scale, ensure that 20-25 items are
sufficient to provide robust ALDS scores [10]. Patients
rated their ability to carry out activities. Answer options
were: (i) ‘yes’, (i) ‘yes with difficulty’, (iii) ‘no’ and (iv) ‘do
not know’. To calculate ALDS scores, i and ii were both
scored as ‘yes’ [7, 14]. Original units of the ALDS scale
are (logistic) regression coefficients, expressed in logits
[7]. To facilitate interpretation of results, logit scores
were linearly transformed into ALDS values between 0
and 90, with lower scores indicating more disability.

Clinimetric evaluation of the ALDS

We used baseline and follow-up data to examine clini-
metric properties of the ALDS:

i. Floor and ceiling effects were calculated by the num-
ber (%) of patients with minimal and maximal ALDS
scores.

ii. Reliability was expressed in terms of homogeneity,
referring to the statistical coherence of scale items
(baseline data).

ii. Construct validity (referring to whether ALDS meas-
ures the intended construct) was examined by corre-
lating ALDS (change) scores with the different CSMs,
TIS and EQ5D5L; correlation coefficients were con-
sidered weak (r <0.30), moderate (r=0.40-0.60) or
strong (r >0.70) [15].

iv. Known-group validity was calculated using a change
score (follow-up minus baseline ALDS score). We
compared ALDS change scores:

v. Between responders and non-responders based on
TIS>40 (at least moderate improvement) and be-
tween patients with and without minimal improve-
ment (TIS>20) [3]. For these comparisons effect sizes
(Hedge’s g) were calculated using logit sores.

vi. Between groups based on TIS scores: no (<20), min-
imal (20-39), moderate (40-59) and major improve-
ment (>60) [3].

vii. Between different levels of physician impression of
clinical response (PICR): slightly, moderately and
markedly improved; and slightly, moderately and
markedly deteriorated. For analyses, we used four
categories (categories ‘slightly’ and ‘moderately’
were combined).

Statistical analysis

Patient characteristics and outcome measurements
were summarized using descriptive statistics.

ALDS scores were calculated using previously pub-
lished algorithms [7, 14]. Missing items or ‘do not know’
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responses were discarded [14]. We used original ALDS
logits for analyses and linearly transformed ALDS scores
for presentation.

Reliability of the ALDS was expressed as Cronbach’s
o (>0.80 indicates good homogeneity) [16]. Associations
between ALDS (change) scores and CSMs (change) as
well as TIS scores were expressed as Spearman correl-
ation coefficients (r;). Between-group differences of
ALDS baseline and change scores were analysed using
Mann-Whitney U test or Kruskal-Wallis test, where ap-
propriate. When the Kruskal-Wallis test showed statis-
tically significant score differences across groups, we
performed post-hoc pairwise comparisons. A P-value
<0.05 was considered statistically significant. In view of
the explorative nature of this study, we did not correct
for multiple comparisons [17].

Results
Patient characteristics

Nineteen patients with [IM were included [63% female;
median age 59years (IQR 37-69); median duration be-
tween first symptoms and diagnosis was 5months
(IQR 3-6)]. Eight (42%) patients had DM, six (32%)
had immune mediated necrotizing myopathy, four
(21%) had non-specific or overlap myositis (NM/OM)
and one (5%) had antisynthetase syndrome. Ten
(53%) patients had myositis-specific antibodies [MSA;
MDA-5 (n=1), TIF-1y (n=1), NXP-2 (n=3), SRP
(n=1), Jo-1 (n=1) and HMGCR (n=3)], two (11%)
patients had myositis-associated antibodies [MAA; Ku
(n=1), UIRNP (n=1)] and six (32%) patients were
seronegative. Three (16%) patients had a concomit-
tant connective tissue disorder (mixed connective tis-
sue disease, Sjogren’s syndrome and systemic
sclerosis) and one patient with DM was diagnosed
with ovarian cancer three weeks after inclusion.

Clinimetric evaluation of the ALDS

At baseline, ALDS showed no floor effect; two patients
had a maximum score (ceiling=11%). At follow-up, no
patient had a minimum score and seven patients
achieved the maximum score (37%). Reliability of ALDS
at baseline was considered good (Cronbach’s «=0.84).
The correlation between ALDS and HAQ-DI was moder-
ate to strong [rs=-—0.57 (baseline) and —0.86 (follow
up); P <0.05; Table 1]. In addition, patient and physician
global impressions showed moderate correlation with
ALDS and correlation was lower with less related con-
structs such as CK and extra-muscular activity. Muscle
strength (MMT) had low correlation at baseline, at fol-
low-up there was a statistically significant moderate cor-
relation with ALDS. The association between ALDS
change scores and change in several relevant CSMs
such as HAQ-DI, MMT, patient and physician global
impressions, as well as the EQ5D5L, was moderately
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strong. Moreover, ALDS change correlated strongly with
TIS (rs=0.70, P<0.01). For comparison of clinimetric
properties between the ALDS and the HAQ-DI, we show
correlations between HAQ-DI and the CSMs, TIS and
EQ-5D, respectively in Supplementary Table S1, avail-
able at Rheumatology online.

Known-group validity: comparison with responders
according to TIS

ALDS change scores discriminated between responders
(based on a TIS > 40; n=_8) and non-responders (n=11):
within-group change scores were 18.7 and 0.0 in res-
ponders and non-responders, respectively (P<0.01;
Hedge’s g effect size —1.82; Fig. 1A). Baseline ALDS
scores did not differ (P=0.93). ALDS change scores also
differed between patients with (n=10) and without (n=9)
minimal improvement (TIS>20; within-group change
scores 18.5 vs 0.0; P<0.05; Hedge’s g effect size
—-1.12).

Known-group validity: ALDS in relation to improvement
on the TIS

ALDS change scores differed between groups based on
TIS categories: no, minimal, moderate and major im-
provement. Within-group change scores were 0.0, —3.2,
19.6 and 17.7, respectively (P <0.01; Fig. 1B); baseline
ALDS scores did not differ (P=0.19). Post-hoc analysis
showed differences between ‘no improvement’ vs ‘major
improvement’ (P=0.03) and ‘no improvement’ vs ‘mod-
erate improvement’ (P < 0.01).

Known-group validity: ALDS in relation to physician
impression of clinical response (PICR)

Within-group ALDS change scores differed between
groups based on PICR: slightly/moderately deteriorated
(—0.9), markedly deteriorated (—48.3), slightly/moderately
improved (9.2) and markedly improved (18.7; P=0.03;
Fig. 1C). Baseline ALDS scores did not differ (P=0.28).
Post-hoc analysis showed a difference between ‘marked-
ly improved’ and ‘slightly/moderately worse’ (P = 0.01).

Discussion

We examined clinimetric properties of a generic linear
disability scale in [IM patients treated with monotherapy
IVIG. Findings were compared with Total Improvement
Score (TIS), individual core set measures (CSMs) and
EQ5D5L. ALDS showed promising clinimetric properties:
good reliability, no floor effect and a small ceiling effect;
moderate to high correlations with HAQ-DI (a measure
of disability) and lower correlations with less related
constructs. ALDS showed known-group validity and dis-
criminated between different levels of clinical improve-
ment based on TIS and a physician’s impression. The
moderate to high correlations with a measure of quality
of life confirm the importance of disability for patients
with myositis.

https://academic.oup.com/rheumatology
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TasLe 1 Construct validity of the ALDS: Test scores and Spearman’s correlation coefficients of ALDS, CSMs, TIS and
EQ5D5L

Outcome Test score Spearman’s Test score Spearman’s Spearman’s
easurement (baseline) correlation (follow-up?) correlation correlation of
with ALDS with ALDS change scores
(baseline) (follow-up) with ALDS change
score
ALDS 65.4 — 75.6 — —
(58.2-73.4) (65.1-89.1)°
PhGA 3.8 —0.46" 2.3 -0.71" —-0.60"
(3.2-4.0) (1.0-4.0)°
PGA 6.1 —0.49° 4.6 —0.43 —0.64"
(5.3-7.6) (2.0-6.6)°
MMT 211 0.28 227 0.69" 0.61"
(185-225) (191-241)
HAQ-DI 2.0 -0.57 1.6 —-0.86" -0.77"
(1.5-2.5) (0.8-2.1)°
CK 1199 —-0.20 196 —-0.45 —-0.29
(179-6500) (83-3877)°
EMA 2.2 —-0.11 1.0 0.10 -0.17
(0.6-3.0) (0.3-2.3)°
TIS 35 (15-53) 0.54" 0.70"
EQ5D5L 0.45 0.52° 0.60 0.78" 0.68"
(0.41-0.57) (0.43-0.78)

Score values are presented as median (IQR); Spearman’s correlation coefficients of ALDS logits with TIS core set meas-
ures. *Significant at the 0.05 level. **Significant at the 0.01 level. ®Follow-up = nine weeks (or premature ending of partici-
pation in the study). PSignificantly different compared to baseline (p<0.05; Wilcoxon signed rank test). ALDS: Academic
medical centre Linear Disability Score; CK: Creatine kinase; EMA: Extramuscular Activity; EQ5D5L (index): a generic quality
of life measure; HAQ-DI: HAQ-Disability Index; MMT: Manual Muscle Testing; PGA: Patient Global Assessment; PhGA:
Physician Global Assessment; TIS: Total Improvement Score.

The ceiling effect at baseline was larger as expected,
possibly due to little disability in some patients [9, 10]. We
chose ALDS items with divergent difficulty, but excluded
most difficult items (e.g. vacuum a flight of stairs), which
could have contributed to the ceiling effect. Another explan-
ation is related to answer options: patients answered many
difficult items as ‘yes with difficulty’, which were analysed
as ‘yes’ (according to the scoring algorithm of ALDS).

Despite some ceiling effect, ALDS provides unique
and additional information as compared with HAQ-DI
and TIS. Firstly, the linear design of ALDS improves clin-
ical interpretation of scores, as opposed to ordinal
scales (HAQ-DI) of which identical score differences
may not represent identical clinical changes at another
point on the scale [18].

Secondly, ALDS score is a unidimensional and inter-
pretable outcome, opposed to TIS which is a composite
of (changes of) CSMs, making it easier to interpret as a
supplementary outcome in myositis clinical trials. ALDS
also provides a meaningful baseline value, which facili-
tates interpretation of clinical trial results (variation in
baseline disability between groups).

Thirdly, ALDS detects deterioration. This is relevant in
clinical practice and clinical trials, both when a pharma-
ceutical compound is compared with standard of care
and when dependency on maintenance treatment needs
to be ascertained before an intervention [19].

https://academic.oup.com/rheumatology

Lastly, the ALDS does not require trained physicians
to obtain the data as opposed to other patient reported
outcome measures (PROMSs), such as Myositis Activity
Profile questionnaire [20], and can easily be filled in by
the patient alone, e.g. as a digital survey.

Limitations of this study include a small sample
size, heterogeneity among the myositis patients and
absence of significant chronic disease damage (MRI
data available, beyond the scope of this paper)—the
latter may have contributed to the ceiling effect—and
secondarily the use of a fixed-length ALDS. In future
research, different sets of ALDS items for individual
patients may be used, without losing the ability to
compare scores [2, 21]. Further, ALDS could be
transformed into a computerized adaptive test, with
difficulty levels being automatically adapted, after
each response [7, 14]. Future studies should include
longer follow-up periods to further investigate re-
sponsiveness, and to include disability related to dis-
ease damage. As such, the ALDS, being a generic
scale, may fulfil a need to measure disability, not
only related to the myopathy, but also to the extra-
muscular disease manifestations (heart, lungs and
joints).

In conclusion, our pilot study shows promising clini-
metric properties of the ALDS in myositis, which war-
rants further investigation.
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Fic. 1 Known group validity of ALDS

A Median ALDS scores of TIS-defined
responders and non-responders
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(A) Median and IQR of ALDS scores of TIS-defined responders and non-responders. (B) Median and IQR of ALDS
scores of original TIS groups. (C) Median and IQR of ALDS scores of the subgroups of the physician impression of
clinical response. Data are median and IQR; follow-up = after nine weeks of IVIG monotherapy or premature ending
of participation of the study. Note that data points in the graphs are based on median ALDS scores and numbers in

the result section represent median(s) of individual change scores.
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