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ARTICLE INFO ABSTRACT

Keywords: Objective: This study aimed to investigate the relationship between changes in clinical status on daily life
Idiopathic inflammatory myopathy physical activity (PA) in patients with idiopathic inflammatory myopathy (IIM).

Myositis Methods: Patients with dermatomyositis (DM), immune-mediated necrotizing myopathy (IMNM) or overlap

Autoimmune myopathy
Physical activity
Accelerometer
Outcome measure

myositis (OM) who presented either a new-onset or relapsing IIM, stable disease on maintenance therapy or
were undergoing immunosuppressant tapering were included. Patients were evaluated at inclusion (VO0),
and at two follow-up visits (V1, 94+12 days from VO; V2, 96+17 days from V1). The American College of
Rheumatology/European League against Rheumatism (ACR/EULAR) response criteria was recorded. PA
assessed using 14-days raw accelerometry data gathered using a wrist-worn accelerometer after each visit
(mean daily Euclidean norm minus 1 g (ENMO) was computed).
Results: Fifty-five patients (16 OM, 27 IMNM and 12 DM) were included. At baseline, 67% of patients had an
ENMO Z-score less than 1. At inclusion, ENMO mainly correlated with health assessment questionnaire score
(HAQ, p=-0.51, p<0.01), manual muscle testing 8 (MMT8, p=0.42, p<0.01), creatinine level (p=0.41, p<0.01),
and SF-36 physical functioning score (p=0.38, p<0.002). At follow-up, ENMO changes mainly correlated with
changes in MMT8, HAQ, SF-36 fatigue, and depression score (all p>0.43, all p<0.001). Level of agreement
between ACR/EULAR response criteria and changes in PA was 15, 45, and 90% for minimal (n = 13), moderate
(n=20), and major (n =10) improvements, respectively.
Conclusion: Baseline PA levels and change in PA correlated with muscle strength and function, yet changes in
PA were also influenced by psychological status. Only patients with major improvements on the ACR/EULAR
criteria had significant increase in PA. Accelerometer may serve as an objective tool to define a clinically rele-
vant real-life outcome.

© 2020 Elsevier Inc. All rights reserved.

Introduction

Idiopathic inflammatory myopathies (IIM) are a very heterogeneous
group of autoimmune muscle diseases impairing patients’ quality of life
[1]. They can be classified into four main subsets: dermatomyositis
(DM), immune-mediated necrotizing myopathy (IMNM), overlap
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Pitié-Salpétriére University Hospital, 47-83 Boulevard de I'Hopital, 75013 Paris, France
E-mail address: o.landoncardinal@gmail.com (O. Landon-Cardinal).
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0049-0172/© 2020 Elsevier Inc. All rights reserved.

myositis (OM) and inclusion body myositis (IBM) [2]. Heterogeneity
within each subset is related to the variability of muscle involvement
(weakness severity, dysphagia, heart or respiratory muscle involve-
ment) and extra-muscular features. Thus, IIM assessment in clinical
practice and in the design of clinical trials remains challenging. Improv-
ing management requires reliable tools to assess disease activity and
evaluate the impact of IIM impact on quality of life. Novel tools are cru-
cial not only for improving patients’ management in clinical practice but
also for assessing new therapeutic options in clinical trials.

The International Myositis Assessment & Clinical Studies Group
(IMACS) developed a core-set measure (CSM) to capture both
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muscular and/or extra-muscular disease activity in IIM [3]. The CSM
includes: a manual muscle testing (MMT), muscle enzymes, Health
Assessment Questionnaire (HAQ), a physician global disease activity,
a patient global disease activity, and one item is specifically devel-
oped to assess the extra-muscular involvement (extra-muscular
global disease activity). Using these CSM, the American College of
Rheumatology/European League against Rheumatism (ACR/EULAR)
recently developed criteria for clinical response in IIM based on the
absolute percent change of the CSM between two time-points [4].

Yet, clinical meaningfulness of this clinical response (mild, moder-
ate and major) in patients’ daily life remains to be determined. Mus-
cle weakness may alter functional abilities of patients with [IM and
therefore impact their daily physical activity (PA). Moreover, daily PA
may also be affected by the cardiorespiratory state, pain level, extra-
muscular features, as well as psychological and behavioral compo-
nents. Analysis of raw multiday wrist-worn triaxial accelerometers
data using open-source tools [5,6] has been identified as an efficient
way to objectively quantify PA. We used this approach in a recent
pilot study and highlighted that clinical changes were associated
with changes in PA in patients with IIM [7,8]. However, the complex
interplay between changes in clinical/biological outcomes and
changes in real-life PA remains unknown.

The aim of this study was therefore to investigate relationships
between PA levels, changes in PA levels, and IMACS CSM and ACR/
EULAR response criteria in patients with IIM.

Materials and Methods
Study design

A prospective single center study was performed at our national
adult referral center for neuromuscular diseases. All patients were
adults and were evaluated as part of routine clinical care at the out-
patient clinic or during hospitalization at inclusion (VO, from Febru-
ary 2017 through April 2018). Patients were re-evaluated during two
follow-up visits, (V1, 94412 days from VO; V2, 96417 days from V1).

Participants

Included patients were classified with an [IM according to the
2017 EULAR/ACR classification criteria [9] and were further divided
into four subgroups: DM, IMNM (European NeuroMuscular Center
criteria) [10], or an OM, including anti-synthetase syndrome [11,12].
Patients with IBM [13] were not enrolled, since standard immuno-
suppressive therapy has not been shown to improve the disease
course [14] and the ACR/EULAR clinical response criteria was not
designed for this IIM subgroup. Patients were enrolled at disease
onset, during a relapse, or those with stable disease, either on main-
tenance therapy or while undergoing immunosuppressant tapering.

Myositis-specific and myositis-associated antibodies testing was
recorded at the time of myositis diagnosis and was performed using
line blot commercial assay (EUROIMMUN, Liibeck, Germany) and
included: anti-SAE, -TIF1y, -NXP2, -MDA5, -Mi-2, -Jo1, -PL-12, -PL-7,
-SRP, -0J, -EJ. Anti-HMGCR antibodies were identified using ELISA
(Inova Diagnostics Inc.) or addressable laser bead immunoassay
(ALBIA).

Muscle disease assessment

Muscle tests

Muscle strength was assessed using the MMT-8 (8 muscle groups,
10-point Kendall scale) [15]. MMT of the psoas was performed but
was not used to compute the MMT-8 total score. Quantitative muscle
strength of the deltoid (i.e. shoulder abduction) and psoas (i.e. hip
flexion) was performed using a hand-held dynamometer (HHD)
(MicroFet2™;  Hoggan Health Industries, USA) following

standardized procedures [16] and expressed as absolute values and
as percentages of predicted values, using previously published equa-
tions [17].

Additionally, endurance assessments were performed in the
upper limbs and the lowers limbs as previously reported [18]:

— Barré test: time in seconds (sec) during which a patient can main-
tain his arms in flexion at a 90° angle with completely extended
elbows. The value is set to 240 if the duration exceeds 240 s.

— Mingazzini test: time in second during which a patient can main-
tain the legs elevated with the hips and the knees bent at a 90°
angle, in the supine position. The value is set to 100 if the dura-
tion exceeds 100s.

All muscle assessments were performed by the same trained clini-
cian (OLC). Physician and patient global disease activity using a 10-
cm visual analog scale (VAS), serum creatine kinase (CK, normal
range=22-198 IU/L), aspartate aminotransferase (AST, normal
range=6-34 [IU/L), alanine aminotransferase (ALT, normal
range=7-55 IU/L), lactate dehydrogenase (LDH, normal
range = 140—280 IU/L) and creatinine levels (normal range = 62—106
umol/L), and HAQ were also assessed at each visit.

Physical activity assessment

Physical activity monitoring and data collection. PA was assessed
using a widely-used wrist-worn accelerometer (GENEActiv®, Activin-
sights Ltd, Kimbolton, UK), which was worn on the non-dominant
wrist of patients at all time (e.g. day, night, shower) for 14 consecu-
tive days after each visit. This duration has been demonstrated as a
comfortable time window to capture daily PA [19,20].

The GENEActiv accelerometers measure triaxial movement accel-
eration in gravity units (1g=9.81m/s?) at a frequency of 50 Hz. Par-
ticipants continued their daily life and no instructions were provided
to patients regarding both structured and spontaneous PA. At each
patients’ visit, participants were asked to estimate (i.e. number and
duration of sessions per week then analyzed as minutes per week)
any structured PA (e.g. exercise training, gymnastics, swimming)
and/or physical therapy sessions they have been performing within 2
weeks prior to each visit.

Processing of raw accelerometer data. Following the measure-
ment period, raw accelerometer data were extracted using the manu-
facturer software and processed using the open-source GGIR R-
package [https://cran.r-project.org/web/packages/GGIR] [5,6]. To
ensure different devices provided a similar output under similar con-
ditions, the acceleration signals to local gravity were calibrated using
the procedure described by van Hees et al. [5]. The Euclidean distance
is the straight-line distance between two points in Euclidean space
forming a metric space and the associated norm is called the Euclid-
ian norm measuring the length of the vector. The vector magnitude
from the three axes corrected for gravity referred to as Euclidean
norm minus 1 g (gravitational constant) (ENMO) was calculated [5].
This procedure allows for processing the raw acceleration data and
attempting to separate the movement and gravitational components
of the signal [6]. ENMO is presented in milli-g (mg with
1 mg =0.00981 m/s?) per day. The procedure for non-wear detection
was performed as previously described [6]. Minimal worn time per
days for day-specific analyses was set at 16 h. Duration of inactivity,
light PA, and moderate to vigorous PA were computed using previ-
ously validated thresholds [21]: inactivity <30 mg; 30mg < light
PA< 100mg; 100mg < moderate PA< 400 mg; vigorous PA >
400 mg. Moderate to vigorous activity accumulated in > 10 min bouts
for which 80% of the epochs are above 100 mg was also calculated.
ENMO Z-scores accounting for age and sex were computed based on
accelerometer measured PA in over 100,000 participants within the


https://cran.r-project.org/web/packages/GGIR

1142 0. Landon-Cardinal et al. / Seminars in Arthritis and Rheumatism 50 (2020) 1140—1149

UK Biobank study [22]. ENMO Z-scores were used to assess PA levels
in [IM patients at inclusion compared to healthy population.

Extra-muscular disease assessment

The extra-muscular disease activity VAS, a quality of life question-
naire (SF-36 version 2) [23] and the Hospital Anxiety and Depression
scale (HAD) [24] were completed at each visit.

ACR/EULAR IIM response criteria

As per the ACR/EULAR response criteria, a total score change of
<20, >20, >40 or >60 was considered as an unchanged, minimal,
moderate or major improvement, respectively [4]. In addition,
improvement scores were calculated for each CSM [4] as well as
absolute percent changes for all recorded variables. For the purpose
of statistical analysis only, patients with CSM negative CSM scores
were also taken into account to compute worsening clinical status.
An adapted ACR/EULAR worsening criteria was defined as follows:
—40 < minimal worsening < —20; —60 < moderate worsening <
—40; > — 60 major worsening.

Statistics

Quantitative variables are reported as mean + standard deviation
or mean (95% confidence interval [lower 95% CI, upper 95% CI]). One-
way ANOVAs were conducted to investigate difference between 1IM
subgroups at inclusion in normally distributed variables. Bonferroni’s
post-hoc tests were performed if ANOVAs demonstrated a significant
main effect of subgroups on variables. Repeated measure ANOVAs
were used to investigate changes at follow-up with Bonferroni’s
post-hoc tests in normally distributed variables. Friedman test with
Bonferroni’s post-hoc tests were used in non-normally distributed
variables. Cohen'’s d effect sizes were also computed to compare dif-
ferences between subgroups (e.g. as defined by the ACR/EULAR
response criteria). To assess inter-week reliability of ENMO, change
in mean and paired t-tests were used for detection of systematic bias.
Standard error of measurement was used to study absolute reliability.
Relative reliability was assessed with the intra-class correlation coef-
ficient with 95% confidence interval. Regression analysis and
Bland—Altman plots were also performed. Least significant change
for ENMO was defined as twice the standard error of measurement
between mean ENMO of the first and second week from all available
recordings. Least significant change for ENMO was used to classify
changes in PA. Categorical variables were compared using a x2. Kappa
statistic was used to test for agreement of the adapted ACR/EULAR
status and changes in PA (for this analysis, the adapted ACR/EULAR
status was simplified to impaired, unchanged, improved) Potential
relationships between variables were investigated using Spearman
correlation coefficient. For investigating relationship between
changes in PA and changes in other variables, changes between VO
and follow-up visits (V1, V2) were analyzed jointly. Random forest
regression analysis was also used to identify most important variable
influencing PA at baseline and changes in PA at follow-up. For all sta-
tistical analyses, p<0.05 was considered significant. All statistical
analyses were performed in R 3.4.3 Team RC. R: A Language and Envi-
ronment for Statistical Computing. 2017.

Ethics statement

The study conformed to the Declaration of Helsinki and was
approved by local Ethics Committee (CPP Ile-De France VI
(2013-12-19), CCTIRS (N°14.323) and CNIL (915,139)) for the use of
medical information recorded in the IIM database for scientific pur-
poses. All participants gave written informed consent.

Results
Participants

Fifty-nine patients were enrolled, and four patients were excluded
either because they were lost to follow-up (n=3) or because they
failed to perform >2/3 accelerometer recordings (n=1). The charac-
teristics of the 55 included patients (12 DM, 27 IMNM and 16 OM)
are presented in Table 1. Myositis-specific antibodies were anti-TIF1-
gamma (n=4), -NXP-2 (n=3), -Mi-2 (n=1), -SAE (n=1) in DM; anti-
HMGCR (n=18), -SRP (n=7) in IMNM; and anti-Jol (n=4), -PL7
(n=1),-EJ (n=1) in OM. Most patients were treated with a combina-
tion of corticosteroids and immunosuppressants, with or without
intravenous immunoglobulin. Three patients had a combination of
rituximab with either methotrexate (n =2) or mycophenolate mofetil
(n=1).

Patients with IMNM presented a longer disease duration and
lower extra-muscular global involvement compared to the other sub-
sets and a poorer SF-36 social functioning, physical role, emotional
role and emotional wellbeing compared to patients with DM
(Table 1). On average, baseline quantitative muscle strength,
expressed as a percentage of predicted strength, was reduced in
psoas and to a lesser extent in deltoids. Consistently, endurance
(Barré and Mingazzini tests) measured at baseline was largely
reduced in the lower limbs and was less importantly affected in the
upper limbs. Variable values and changes at inclusion and follow-up
visits are displayed in Table 2.

Assessing physical activity with wrist-worn accelerometer is feasible and
reliable in patients with IIM

Wear-time compliance of triaxial wrist-worn accelerometers was
13.7+1.1 days. There was no change in wear-time compliance
between time points (p=0.87). Number of valid week days was
9.8 £+ 0.8 (maximum of 10 days) and number of valid weekend days
was 3.9 £ 0.3 (maximum of 4 days). Of note, no calibration error (i.e.
estimated based on all ‘non-movement’ periods in the measurement
after applying the autocalibration) was reported. Non-wear time
expressed as a percentage of total measurement duration was 0.12+
0.53%. Standard error of measurement expressed as a percentage was
10.01 [8.97, 11.32]% and intraclass correlation coefficient > 0.9. Inter-
week reliability of ENMO is displayed in Fig. 1A. ENMO least signifi-
cant change was 4.10 mg/day.

Low physical activity in most patients with IIM compared to the general
population

PA metrics at baseline are shown in Fig. 1. Fifty-four percent of
patients had a Z-score between —1 and —2 and 12% had Z-score <—2.
There was no significant difference in PA metrics across disease sub-
groups (all p>0.16). PA intensity was similar in all subsets and was
largely dominated by light PA (average 193+74 min/day), while mod-
erate to vigorous PA was only performed on average performed only
6 4+ 15 min/day. Average duration of physical therapy sessions and
self-structured PA was 33466 and 14440 min/week, respectively.
There was no correlation between ENMO and physical therapy or
structured PA (both p>0.19).

At inclusion, physical activity correlates with muscle strength and
patients reported outcome of physical function

Relationships between PA and variables at inclusion (VO) are
shown in Table 3. Variables significantly correlated with ENMO Z-
score at VO are displayed in Fig. 2. At VO, ENMO mainly correlated
with the HAQ, MMTS, creatinine levels, and SF-36-physical function-
ing. Interestingly, the other variables included in the CSM were not
correlated with ENMO (physician-reported global disease activity,
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Table 1
Patient characteristics at baseline.
Variables DM(n=12) IMNM (n=27) OM(n=16)
Demographics Age (yr) 48+17 54415 49+15
Disease duration (yr) 3427 948" 3+4
Female (%) 83 63 88
Time from diagnosis (yr) 23+2 42+42* 07+14
Time from treatment initiation (yr) 21+£23 40442 06+14
Laboratory MAA (%) 0 0 19
MSA (%) 75 93 50
CK level (IU/L) 620+927 1182+3521 429249531
AST level (IU/L) 77 50 118
ALT level (IU/L) 56 50 102
Treatment Prednisone (%) 75 67 88
Prednisone (mg/day) 25423 12+14 35428
Methotrexate (%) o* 41 25
Azathioprine (%) 16 11 0
Mycophenolate mofetil (%) 25 15 6
Rituximab (%) 17 19 0
1Vig (%) 50 52 44
Muscle assessment MMTS total score (0—150) 137+ 16 133+£26 13949
MMTS left deltoid 9+1 8+3 8+1
MMTS right deltoid 9+1 8+3 9+1
MMTS left psoas 8+3 6+4 8+2
MMT8 right psoas 8+3 6+4 842
Left Deltoid HHD (% pred) 99+24 92429 98423
Right Deltoid HHD (% pred) 96+22 92425 101+30
Left Psoas HHD (% pred) 54+11 50420 62+18
Right Psoas HHD (% pred) 60+15 53+18 64+18
Barré (0-1505) 94450 117+56 130+42
Mingazzini (0—75s) 47426 35433 44431
Global assessment Extra-muscular global activity (0—10) 2+1% 0+0* 242
Physician global activity (0—10) 3+2 242 3+3
Patient global activity (0—10) 5+2 443 5+12
Patient-reported outcome HAQ 1.4+£0.7 1.1+09 13+0.7
HAD-anxiety 9+5 75+3 83+t44
HAD-depression 443 5+4 7+4
SF-36-general health (%) 41423 45421 42420
SF-36-physical functioning (%) 41423 55433 44427
SF-36-social functioning (%) 40+27" 66431 57430
SF-36- physical role (%) 50+£25 60+£27 48425
SF-36- emotional role (%) 42430 65+32 54+31
SF-36-emotional wellbeing (%) 51+14 62+17 54424
SF-36-energy/fatigue (%) 37421 47+16 39424
SF-36-pain (%) 55424 71+24 63428
Physical therapy (min/week) 31+£71 48+79 11+25
Structured physical activity (min/week) 20452 18+44 5+19

DM, dermatomyositis; IMNM, immune mediated necrotizing myopathy; OM, overlap myositis; Yr, year; MAA myositis-associ-
ated antibodies; MSA, myositis-specific antibodies; CK, creatine kinase; IVIg, intravenous immunoglobulin; MMT8, manual
muscle testing 8; HHD, hand held dynamometry; HAQ Health Assessment Questionnaire; HAD, Hospital Anxiety and Depres-
sion scale; SF-36, Short Form Health Survey; Bonferroni’s post-hoc tests were performed if ANOVA demonstrated significant
main effect of subgroups on normally distributed variables; Dunn’s post-hoc tests were performed if Kruskal-Wallis test dem-
onstrated significant main effect of subgroups in non-normally distributed variables * significant difference between IMNM

and OM
#

indicates proportion/prevalence.

patient-reported global disease activity, muscle enzymes and extra-
muscular disease activity).

According to random forest regression, most important features
associated with ENMO Z-scores were also the HAQ, MMTS, creatinine
levels, and SF-36-physical functioning (i.e. relative predictor impor-
tance was 1.0, 0.66, 0.66, and 0.80, respectively).

At follow-up, changes in physical activity metrics correlates with
changes in muscle strength, patients reported outcome of physical
function and depression score

Values and changes in variables at follow-up are displayed in
Table 2. Relationships between PA and variables at follow-up are
shown in Table 3. Variables significantly correlated to absolute
changes in ENMO at follow-up are displayed in Fig. 3. At follow-up,
changes in ENMO mainly correlated with ACR/EULAR response crite-
ria, changes in HAD-depression, HAQ, SF-36 fatigue, and MMTS.

significant difference between IMNM and DM, $ significant difference between DM and OM. Except for SF-36 variables,%

Interestingly, all the variables included in the CSM were significantly
correlated with changes in ENMO.

According to random forest regression, the most important fea-
tures associated with changes in ENMO were absolute percent
changes in physician global disease activity, CK/ALT/AST levels,
MMTS8, SF-36-energy/fatigue, HAQ, SF-36-physical functioning, and
HAD-depression (i.e. relative predictor importance was 1.0, 0.99,
0.95, 0.85, 0.95, 0.85, 0.83, 0.78, and 0.76, respectively).

Only major improvement of the ACR/EULAR response criteria is strongly
associated with significant increase in physical activity

Using the least significant change in ENMO (>4.10 mg/day) at
follow-up, we observed that: 8.8% of patients had lower PA, 66.6% of
patients had unchanged PA, and 26% of patients had increased PA.
Using our adapted ACR/EULAR response criteria, 2.2% of patients
had moderate worsening, 2.2% of patients had minimal worsening,
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Table 2
Values and changes in variables at inclusion and follow-up visits.

Variables V0 (n=55) V1 (n=53) V2 (n=51) AV1(n=52) AV2(n=51)

Accelerometry
ENMO (mg/day) 20.4(7.7) 21.9(7.5) 21.8(7.4) 1.6 (4.6) 1(3.9)

Core set measures
Physician global activity (0—10) 2.7(2.2) 0.9 (1.3)" 0.8 (1.2)"* —17.7(22.5) —18.4(27.8)
Patient global activity (0—10) 46(22) 342 2.8[2]* ~11.9(25.2) ~17.3(25.5)
MMTS total score (0—150) 135.4(19.9) 138.3 (20.2)* 138.7(20.2) 2.1(5.6) 2.3(6.2)
HAQ 1.3(0.8) 0.9 (0.9)** 0.7 (0.8)** ~12.6(198)  —15(19.6)
CK level (IU/L) 1945.4(5753.1)  212.1(230) 2447 (2822)  -64.4(2127) —67.4(219.6)
AST level (IU/L) 76.9 (104.2) 31.9(14.2) ** 30[16] ** -53.2(117.7) —48.6(110.8)
ALT level (IU/L) 67 (93.4) 32.1(23.3)#* 33.3[33] ** —38.3(88.7) ~33.4(80.9)
LDH level (IU/L) 662.2 (442.8) 482.2(139.9)**  410.7(138)**  —21(46) -52.9(86.8)
Extra-muscular global activity (0—10) 1.2(1.4) 0.7 [1]*# 0.4 (0.7) *# -5.2(11.5) -6.3(11.3)
Sum of absolute percentage / / / 22.8(27.3) 23.7[31]

Muscle assessment
Deltoid HDD (% pred) 95(25.5) 105.1 [28]* 1106 (26.9)*  10.9(13.9) 149(15]
Psoas HDD (% pred) 55.9(17.6) 65 (19.9)** 66.7 (20.4)** 8.8(11.7) 11.1(11.8)
Barré (0-1505s) 1153 (51.9) 125.1(49.2) 126.1(49.7) 6.8[28] 5.4(28.3)
Mingazzini (0-75 s) 39.5(30.7) 50.7 (31.6) ** 50.9(30.5)**  14330] 16.7 (28.3)

Patient reported outcomes
SF-36-general health (%) 43.3[21] 50.6 (24.1)* 52.7 [23]** 7.7(17.8) 9.1(16.2)
SF-36-physical functioning (%) 48.1 (29.6) 57.9 (31.4)* 64.7 (28.9)** 10.6 (28.6) 14.5(26.5)
SF-36-social functioning (%) 57.4(31.3) 66.8 (27.8)* 712 (27.7)* 8.9(24.7) 11.5(19.9)
SF-36- physical role (%) 449 (30.5) 62.6 (32.2)** 65.1(27.8) 17.4(27.7) 17.6 (30.1)
SF-36- emotional role (%) 56.3 (32.1) 72.4(30.2)** 77 (22.9)* 15.1(28.8) 17.9(26.4)
SF-36-emotional wellbeing (%) 57.3[19] 66.3 (18.8)** 69.7 (15.6)** 9.4[16] 10.7 (14.9)
SF-36-energy/fatigue (%) 42(19.8) 544 [22]* 55.1 (20.8)** 12.4(21.8) 10.5(18.9)
SF-36-pain (%) 64.9 (25.6) 75.7 (214) 732(232) 102 (22.2) 6.1(26.1)
HAD-depression 5.6(3.6) 44(3.8)* 46(3.7)" ~9.2(14.6) ~6.1(11.8)
HAD-anxiety 8(3.8) 6.4 (3.4)* 5.8 (3.5)** -7(14.9) -8.8(15.5)
Physical therapy (min/week) 34.3(67.1) 50.6 (71.8)* 59.4(90.7) 15.4 (40.6) 23.1(72.7)
Structured physical activity (min/week)  14.8 (40.4) 54.1(103.9)% 52.2 (82.7)** 38.8(98.2) 36.5(81.9)

Treatment
Prednisone (%) 74 92 88 19 14
Prednisone (mg/day) 22.5(234) 18.6(14.1) 11.4(7.6)* -7.3(17.9) -9.8(21.3)
Azathioprine (%) 9 13 10 4 0
Methotrexate (%) 26 42 39 18 12
Mycophenolate mofetil (%) 15 12 12 -2 -4
Rituximab (%) 13 10 14 —4 0
VIg (%) 50 58 47 3 -6

ENMO, Euclidian norm minus one; HAQ Health Assessment Questionnaire; CK, creatine kinase; IVIg, intravenous immunoglobulin; MMTS,
manual muscle testing 8; HHD, hand held dynamometry; HAD, Hospital Anxiety and Depression scale; SF-36, Short Form Health Survey; IVIg,
intravenous immunoglobulin; Bonferroni's post-hoc tests were performed if repeated measures ANOVA demonstrated significant main effect
of time on normally distributed variables (*,**, p<0.05, p<0.001, respectively); Bonferroni’s post-hoc tests were performed if repeated Fried-
man test demonstrated significant main effect of time on non-normally distributed variables (*##, p<0.05, p<0.001, respectively). A V1 and
A V2, changes expressed as absolute percent change ([final value — baseline value] / range x 100) or absolute changes (see manuscript for

details). Except for SF-36 variables,% indicates proportion/prevalence.

47.7% had unchanged status, 14.4% had minimal improvement,
22.2% had moderate improvement, and 11.1% had major improve-
ment.

Agreement between the adapted ACR/EULAR response criteria
and change in PA at follow-up is shown in Table 4. All patients with a
worsened ACR/EULAR clinical status had unchanged PA. Unchanged
ACR/EULAR clinical status was associated with unchanged PA. Level
of agreement between ACR/EULAR status and changes in PA was
associated with the degree of improvement, i.e. agreement was low
(15%) for minimal improvement, mild (45%) for moderate improve-
ment, and high (90%) for major improvement. The Cohen’s kappa
was 0.32 (p <0.001), which represents fair agreement according to
Ashby et al. [25] classification.

We subsequently investigated differences in patients with moder-
ate ACR/EULAR improvement with unchanged or increased PA. At fol-
low-up, patients with unchanged PA had lower ACR/EULAR total
score (43.9 +3.0% vs. 50.0 &+ 6.0%, p<0.01, d = —1.28), smaller changes
in psoas HHD strength (9.7 £+ 9.0% vs. 21.1 &+ 6.4%, p<0.01, d = —1.46),
smaller changes in muscle enzymes (ALT: —12422% vs. 954+87%,
p<0.05, d=1.29; AST: —14+28% vs. —122+125%, p<0.05, d=1.18;
LDH: 54 19% vs. —133+£106%, p<0.05, d=1.81), smaller changes in
HAD depression score (—4 + 8% vs. —15+10%, p<0.05, d =1.26), and

smaller changes in SF-36-energy/fatigue scores (12+12% vs. 324+23%,
p<0.05, d=—1.09). Interestingly, no significant difference was found
for change in the extra-muscular disease activity (—10+10vs. -4 +7,
p=0.19). Patients with unchanged PA at follow-up presented at
inclusion a lower ENMO Z-score (—1.3 + 0.0 vs. — 0.66+0.75, p<0.05,
d=—1.21), lower percentage predicted psoas strength (50+5% vs. 63+
11%, p<0.05, d=—1.58), lower ALT/AST/LDH levels (all p<0.05), longer
disease duration (5.0 & 1.7 years vs. 1.9 + 1.9 years, p<0.05, d=1.74),
poorer SF-36-emotional wellbeing and energy scores (all p<0.05),
higher extra-muscular disease activity (2.8 +1.1vs. 1.1 + 1.1, p<0.05,
d=1.57), and lower patient-reported global disease activity
(3.6 £1.3vs.6.4+3.0, p<0.05,d=—1.21).

Discussion

Our study demonstrates that most patients with IIM display low
PA compared to age-matched healthy individuals in the general
population, highlighting the burden of IIM on patients’ daily life.
Muscle strength and patient reported physical function were major
determinants of PA at inclusion and follow-up. However, PA change
was also associated with change in depression and fatigue levels. At
follow-up, all patients with worsened or unchanged clinical status
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Fig. 1. Physical activity metrics at inclusion

Bland—Altman plot and regression analysis of Euclidian norm minus one (ENMO) during the first and second week of recordings (wk1 and wk2, respectively; Panel A). In the
Bland—Altman plot, the solid line indicates the mean difference between the measurements and the dashed lines represents the limits of agreement. In regression analysis, the
dashed line represents the identity line, and the solid line indicates the linear regression line with shaded 95% confidence region. Physical activity metrics at baseline (Panel B).

had unchanged PA. Most patients (90%) with a major improvement
(as defined by the ACR/EULAR response criteria) had a significant
increase in PA, whereas PA increase was observed in only half of the
patients with a moderate improvement. Few patients with a mini-
mal improvement displayed a significant increase in PA.

Our data demonstrate that monitoring PA using wrist-worn accel-
erometers is feasible in patients with [IM (nearly negligible non-wear
time) [26—-28] and display excellent absolute and relative reliability
as previously demonstrated in patients cohorts with other conditions
[20,29,30].

Table 3
Relationships between physical activity and other variables.
At inclusion At follow-up
Variables rho pvalue Changes in variables* rho p value
Core set measures Core set measures
Physician global activity (0-10) -0.253  0.065 Physician global activity -0403  <0.001
Patient global activity (0—10) -0.235  0.087 Patient global activity -0.351 <0.001
MMTS total score (0—150) 0.424 <0.01 MMTS total score 0.435 <0.001
HAQ 0.52 <0.001 HAQ -0456  <0.001
CK level (IU/L) 0.024 0.867 CK level -0426  <0.001
AST level (IU/L) -0203  0.141 AST level -0417  <0.001
ALT level (IU/L) -0.108 0436 ALT level -0362  <0.001
LDH level (IU/L) -0.088  0.566 LDH level -0.510  <0.001
Extra-muscular global activity (0-10)  0.148 0.287 Extra-muscular global activity =~ —0.221 <0.05
Sum of absolute percentage 0.540 <0.001
Muscle assessment Muscle assessment
Deltoid HDD (% pred) 0.320 <0.05 Deltoid HDD 0.162 0.128
Psoas HDD (% pred) 0.292 <0.05 Psoas HDD 0314 <0.01
Barré (sec) 0.349 <0.01 Barré 0.268 <0.01
Mingazzini (sec) 0.286 <0.05 Mingazzini 0.344 <0.001
Patient reported outcomes Patient reported outcomes
SF-36 general health (%) 0.157 0.256 SF-36 general health 0.123 0.215
SF-36 physical functioning (%) 0.384 <0.01 SF-36 physical functioning 0.423 <0.001
SF-36 physical role (%) 0.148 0.286 SF-36 physical role 0.158 0.111
SF-36 emotional role (%) 0.144 0.299 SF-36 emotional role 0.238 <0.05
SF-36 emotional wellbeing (%) -0.010  0.945 SF-36 emotional wellbeing
SF-36-energy/fatigue (%) 0.210 0.127 SF-36-energy/fatigue 0.440 <0.001
SF-36-pain (%) 0.333 <0.05 SF-36-pain 0214 <0.05
HAD-depression -0.179 0312 HAD-depression -0460  <0.001
HAD-anxiety -0.005 0.978 HAD-anxiety

Dependent variable was ENMO Z score at inclusion and changes in ENMO at follow-up; MMT8, manual muscle testing 8; HAQ
Health Assessment Questionnaire; CK, creatine kinase; AST, aspartate transaminase; ALT, alanine transaminase; LDH, lactate
dehydrogenase; HHD, hand held dynamometry; SF-36, Short Form Health Survey; HAD, Hospital Anxiety and Depression
scale. * changes expressed as absolute percent change ([final value — baseline value] / range x 100) or absolute changes (see

manuscript for details).
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Fig. 2. Significant relationships between physical activity and other variables at inclusion
Significant correlations ordered from top left to lower right according to strength of association as computed using Spearman’s correlation (p). HAQ Health Assessment Ques-
tionnaire; MMTS8, manual muscle testing 8; creat, creatinine; SF-36, Short Form Health Survey; SF-36-phys, SF-36 physical functioning; Hb, hemoglobin; HHD, hand held dynamom-

etry; ENMO Z-score, Euclidian norm minus one expressed as a Z-score.

PA was associated with objective muscle disease measures
(MMTS8, HHD, endurance, creatinine level) as well as patient-reported
outcomes (general health as assessed by the HAQ, functioning capaci-
ties and pain as assessed using the SF-36 questionnaire, see Fig. 2).
Some variables (e.g. MMTS, Barré, Mingazzini) displayed ceiling and/
or floor effects in many patients. Consequently, and although non-
parametric tests were used, correlations between PA and the latter
variables must be interpreted with caution.

At follow-up, change in PA correlated with MMTS8 total score and
accordingly, with clinical status change (ACR/EULAR response crite-
ria). This may be explained, at least in part, by the fact that the ACR/
EULAR response criteria include many of the variables correlated to
PA at baseline. The agreement between change in PA and ACR/EULAR
status was excellent when major improvement occurred suggesting
that patients captured in this category correspond to patients with a
clinically meaningful improvement (i.e. translating to significant
change in PA). Yet, only a half of patients with a moderate improve-
ment had an increase in PA, suggesting that this ACR/EULAR category
captures a heterogeneous group of patients associated with and
without significant change in PA. A potential explanation is that mild
improvement in the MMT8 score may be overlooked as physicians
have difficulty discriminating most Medical Research Council catego-
ries (5-points scale) especially for mild variations [31]. In addition,
small increase in muscle strength does not necessary translate into

substantial improvements in functional abilities [32]. We also stress
that PA was monitored continuously for 2 weeks in real life suggest-
ing that this measure may be more reliable to capture changes than a
one point-in-time evaluation point at a medical visit. As only 10% of
patients with minimal improvement displayed changes in PA, it sug-
gests that this ACR/EULAR category defines a homogeneous group of
patients with very low probability of presenting a significant change
in PA. Altogether, these findings suggest that an increase in PA>4.10
mg/day (i.e. defined as the least significant change) could serve as a
useful, feasible, and objective tool to define a clinically relevant real-
life outcome.

Predictors of mismatch between ACR/EULAR response criteria and
change in PA were smaller change in muscle strength and muscle
enzymes. Interestingly, our data also suggest that disease duration
and long-term damage may prevent patients from displaying an
improved PA, as longer disease duration and lower patient-reported
global disease activity were predictors of unchanged PA. The extra-
muscular disease activity was not a predictor of mismatch in our
study, suggesting that the absence of increase in PA in patients with
ACR/EULAR moderate improvement is not explained by active extra-
muscular features. We acknowledge that we were unable to fully
address the importance of each extra-muscular features individually
and their possible impact on PA behavior (pain related to arthritis,
shortness of breath related to lung involvement). Another limitation
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Fig. 3. Significant relationships between changes in physical activity and changes in other variables at follow-up

The x-axis represents the absolute change in Euclidian norm minus one (ENMO). The y-axis represents changes in variables (A). Shapes indicate first and second follow-up visits
(V1, V2). ACR/EULAR, American college of rheumatology/European league against rheumatism; ACR/EULAR total score, sum of absolute percent change in core-set measures; ACR/
EULAR status, patient status according to the adapted ACR/EULAR response criteria (—2, moderate worsening; —1, minimal worsening; 0, unchanged; 1, minimal improvement; 2,
moderate improvement; 3, major improvement; see manuscript for more details). HAD, Hospital Anxiety and Depression scale; HAQ Health Assessment Questionnaire; SF-36, Short
Form Health Survey; MMT8, manual muscle testing 8; GA, global assessment; AST, aspartate transaminase; CPK, creatine phosphokinase; ALT, alanine transaminase; HHD, hand
held dynamometry; creat, creatinine; Struct PA, structured physical activity; ExtramusGA, extra-muscular global assessment.
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Table 4
Table of contingency of agreement between adapted ACR/EULAR response criteria and
change in PA at follow-up .

Adapted ACR/EULAR status*  Change in ENMO
decreased  unchanged increased % match

Moderate worsening 0 2 0 0
Minimal worsening 0 2 0 0
Unchanged 6 34 3 79
Minimal improvement 1 10 2 15
Moderate improvement 1 10 9 45
Major improvement 0 1 9 920

ACR/EULAR, American college of rheumatology/European league against rheumatism.
Definition of worsening clinical status were also computed by adapting the original
definitions as follow: —40 < minimal worsening < —20; —60 < moderate worsening
< —40; > 60 major worsening. gray boxes indicate expected match.

is that we cannot exclude the impact of active DM skin rash on PA
behavior as cutaneous disease activity is associated with poorer qual-
ity of life [33].

Another important point is the negative impact of wellbeing and
emotional variables on PA behaviors suggested by smaller changes in
depression score and fatigue level that were also predictors of mis-
match between ACR/EULAR response criteria and change in PA. PA is
not only influenced by physical/physiological factors but also by
behavioral, demographic, and socioeconomic factors [34,35]. Our
data show that change in HAD depression score was correlated to
change in PA in accordance with previous data demonstrating the
association between PA and mental health [30,31]. This observation
highlights the importance of considering mood/psychological distur-
bances when patients with [IM present with lower than expected PA
level when disease activity is improving. Psychotherapeutic interven-
tions such as patient-centered cognitive behavioral therapy may con-
tribute to promote more active lifestyle and thus, improve outcomes
and reduce comorbidities associated with poor mental health and
physical inactivity. Socioeconomic events (e.g. relocation, change in
social environment) are very likely to affect PA and should be
recorded in such studies. PA assessment must be highly contextual-
ized and not considered as a unique tool for disease activity monitor-
ing, especially for patients with predominant extra-muscular
involvement. We also acknowledge that most of our patients were
recruited in a stable state and that these acquisitions remain to be
evaluated in a clinical trial.

To conclude, this study demonstrated that significant increase in
PA occurs in most patients with major improvement (as defined by
ACR/EULAR IIM response criteria), in only half of the patients with
moderate improvement, and almost never in patients with mild
improvement. We also identified that significant increase in PA in
patients with clinical improvement is less likely to occur in the
absence of improvement in psychological status.

Altogether, our data support objective assessment of PA in future
prospective clinical trials and clinical practice to improve the assess-
ment of intervention and clinical management of patient with I[IM.
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