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SUMMARY

Introduction The Expanded Disability Status Scale (EDSS) is the most widely used disability measure in
multiple sclerosis (MS). The effect of fatigability on EDSS components has been underreported to date.
Objective We investigated daytime variability in EDSS score and EDSS components - functional scores
(FS) and walking distance (WD) up to 500 m, in MS patients who underwent a standardized fatiguing
exercise.

Methods Twenty-four patients with relapsing-remitting MS (n = 7), secondary-progressive MS (n = 8)
and primary-progressive MS (n = 9) were included. Exclusion criteria were as follows: current MS relapse,
infection/fever/flu-like symptoms, conditions prohibiting safe exercise testing, current medication affect-
ing fatigue. One trained examiner performed baseline (BL) and follow-up (FU) assessments (FU1 after
a standardized fatiguing exercise, FU2 after rest) over a single day. EDSS score change of >1 point if BL
EDSS score was <5.5 or of >0.5 point if BL EDSS score was >5.5 were considered clinically meaningful.
Results In progressive MS subtypes, WD decreased at FU1, but recovered at FU2, more so in secondary-
progressive MS subgroup with the highest BL EDSS score. Although BL EDSS scores (median, 5.0; range
4.0-6.5) and FS remained relatively stable over repeated assessments in the total group, a clinically mean-
ingful transitory post-exercise EDSS score increase was observed in three patients with progressive MS.
Conclusion WD seems to be more influenced by fatigability than the total EDSS score, more so in patients
with progressive MS and higher disability. WD should be assessed after rest and this strategy should be
implemented into protocols of clinical trials recruiting patients with progressive MS phenotypes.
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INTRODUCTION

An increasing number of clinical trials are
testing new therapeutic compounds in mul-
tiple sclerosis (MS) [1]. However, outcome
assessment in MS remains challenging due to
diversity and fluctuating nature of MS symp-
toms [2], whose transitory worsening could be
underlain by several factors including fatigabil-
ity [1]. Many trial designs have no standardized
interval between previous physical activity and
clinical examinations. Expanded Disability Sta-
tus Scale (EDSS) is the most widely used clini-
cal scale in MS, but has been debated because
of low sensitivity [1, 3]. Daytime variability in
EDSS components has been rarely investigated,
but the influence of physical exercise on these
outcomes has not been addressed at all except
for sensory symptoms [4, 5].

OBJECTIVE

The aim of the study was to investigate day-
time variability in EDSS score and EDSS com-
ponents — functional scores (FS) and walking
distance (WD) up to 500 m in MS patients
exposed to a standardized fatiguing exercise.

METHODS
Patients

MS patients who had scheduled visits at the MS
Clinic, Department of Neurology, Innsbruck
Medical University Hospital, were screened
for participation in the study. Inclusion crite-
ria were as follows: MS according to the Mc-
Donald criteria [6], EDSS score 3.5-6.5, and no
current medication affecting fatigue. Exclusion
criteria were the following: current MS relapse,
interferon-beta-related flu-like symptoms, cur-
rent infection or fever or other condition pro-
hibiting safe exercise testing.

To detect a difference of 0.5 EDSS points
with a standard deviation of 0.3 and a power
of 80% at an alpha level of 0.025 (multiple test-
ing), a sample size of 24 patients was calculated
and patients were recruited until this sample
size was reached. Twenty-four MS patients
with relapsing-remitting (RR) MS, secondary-
progressive (SP) MS, and primary-progressive
(PP) MS were included (female/male ratio,
1.19:1) (Table 1).

All study participants gave written consent
prior to entering the study, which was approved
by the Innsbruck Medical University Ethics
Committee.
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Study procedures

All included patients were admitted for study purposes
to the hospital at 08:00 a.m. and were examined at 09:00
a.m. (baseline, BL), at 11:00 a.m. without delay follow-
ing fatiguing exercise (follow-up, FU1), and at 05:00 p.m.
(FU2) following rest in a hospital area.

All patients underwent standardized physical exercise
before FU1 on a standard bicycle ergometer at a heart rate
of 100-120 beats/minute for 30 minutes, but were allowed
to stop the exercise if they subjectively reached maximal
exertion. Time to maximal perceived exertion in seconds
(s) and maximal exercise mechanical power output in
Watts (W) were recorded (Table 1). All study procedures
were performed in a hospital area with stable ambient tem-
peratures (average, 21°C).

To avoid inter-rater variability [4], neurological disabil-
ity level was assessed in all patients by one trained exam-
iner (SD), according to EDSS grading using Kurtzke FS,
along with WD assessment up to 500 m [7, 8]. EDSS score
change of 21 point in patients with BL EDSS score <5.5
or of 20.5 point change if BL EDSS score was >5.5 were
considered clinically meaningful [9].

Statistical analysis

The Kolmogorov-Smirnov test was used to determine nor-
mality of data distribution. The significance of changes over

time was tested by repeated measures analysis of variance
(ANOVA) with Tukey’s posttest or Friedman’s test with
Dunn’s posttest while the differences between subgroups
were assessed by one-way ANOVA (with Tukey’s posttest)
or Kruskal-Wallis test (with Dunn’s posttest). Spearman’s or
Pearson’s model were used for correlations. P-values <0.05
were considered significant. We used GraphPad Prism 5.0
(GraphPad Software, San Diego, CA, USA) for statistical
analyses and Power and Sample Size Calculation (PS, down-
loaded from: http://ps-power-and-sample-size-calculation.
software.informer.com) software for sample size calculation.

RESULTS

Tables 2 and 3 summarize all the results. In the total group,
EDSS score and single FS did not change significantly over
repeated assessments (Table 2), although clinically mean-
ingful post-exercise EDSS deterioration was observed in
three patients (two SPMS and one PPMS) (12.5% of all the
patients). WD decreased following fatiguing exercise and
improved after rest in SPMS and PPMS, but not in RRMS
patients (Table 3). A post-exercise decrease in WD was
statistically significant in SPMS patients, a subgroup with
the highest BL EDSS score (Table 3).

The total EDSS score was significantly driven by pyra-
midal and cerebellar FS as well as by WD (Table 2).

Performance on any scale did correlate, not significant-
ly though, with age and disease duration. BL-FU1 changes

Table 1. The characteristics of multiple sclerosis (MS) patients with exercise parameters

MS subarou Number e e Disease duration® Maximal exercise power Time to maximal
group of patients (%) g€y (years) output® (W) perceived exertion® ()
RRMS 7(292) 38.3%7.2* (31.6-45.0) 9(3-22) 60 (30-80) San s Tan)
SPMS 8(33.3) 51.9 + 8.8 (44.5-59.2) 18 (9-27)** 40 (20-70) ?25135'87%62922669)
PPMS 9(37.5) 543+117 (454-63.3) 7(2-17) 50 (25-75) s
Total MS 24.(100) 488+ 116(43.9-53.7) 12(2-27) 50 (20-80) AL

RRMS - relapsing-remitting MS; SPMS - secondary-progressive MS; PPMS — primary-progressive MS; @ mean with standard deviation (95% confidence interval of
the mean); ® median with range; * no statistically significant difference between subgroups; * significantly lower than in SPMS or PPMS (one-way ANOVA
p =0.0083, Tukey's posttest); ** significantly longer than in RRMS or PPMS (one-way ANOVA p = 0.0140, Tukey’s posttest)

Table 2. Expanded Disability Status Scale (EDSS) components over three repeated assessments and their correlation with the overall EDSS score

at baseline; values are given in median (ranges) unless otherwise stated

EDSS component BL FU1 FU2 pe r
FS: Visual 1(0-2) 1(0-3) 1.5 (0-3) 0.03° -0.28
FS: Brainstem 2(1-3) 2(1-3) 2(1-3) n.s. 0.18
FS: Pyramidal 3(3-4) 3(3-4) 3(2-4) n.s. 0.52*
FS: Cerebellar 3(2-4) 3(2-4) 3(2-4) n.s. 0.66*
FS: Sensory 3(1-4) 3(2-4) 3(1-4) n.s. -0.33
FS: Bowel/bladder 1(0-4) 1(0-4) 1(0-4) n.s. 0.05
FS: Cerebral 0(0-2) 0(0-2) 0(0-2) n.s. 0.02
.

Wo*[m] (175.0.-5000) (128.5.487.5) (17858.-5000) 0.007 082"
EDSS score 5.0 (4.0-6.5) 5.2 (4.0-6.5) 4.5 (4.0-6.5) n.s. -—

FS - functional score; WD - walking distance up to 500 m; BL - baseline; FU - follow-up assessment; r - Spearman’s correlation coefficient (with EDSS score at BL);

n.s. - not significant; ® p-values obtained by Friedman test between BL, FU1 and FU2 assessment, except repeated-measures ANOVA for WD; ® Dunn’s post-hoc
multiple comparison test revealed no statistically significant difference; < median (interquartile range); * statistically significant correlation with EDSS score at BL;
** statistically significant difference from BL
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Table 3. Expanded disability status scale (EDSS) scores and walking distance up to 500 m (WD) over three repeated assessments in multiple
sclerosis (MS) phenotype strata

Disability RRMS SPMS PPMS
measure BL FU1 FU2 BL FU1 FU2 BL FU1 FU2
EDSS? 4.0° 4.0 4.0 6.0 6.0 6.0 5.0 5.0 4.5
(4.0-5.5) (4.0-5.5) (4.0-5.5) (4.0-6.5) (5.0-6.5) (4.0-6.5) (4.0-6.0) (4.0-6.0) (4.0-6.0)
WD (m) 500.0" 500.0 500.0 170.0 132.5% 2425 300.0 250.0 410.0
(420.0-500.0) | (450.0-500.0) | (365.0-500.0) | (37.5-307.5) | (21.7-181.3) | (42.5-265.0) | (215.0-500.0) | (160.0-302.5) | (255.0-500.0)

RRMS - relapsing-remitting MS; SPMS - secondary-progressive MS; PPMS - primary-progressive MS; BL - baseline; FU - follow-up assessment; * median (range);
> median (interquartile range); * significantly lower than in SPMS (Kruskal-Wallis test p = 0.0146, Dunn’s posttest); ** significantly longer than in SPMS (one-way
ANOVA p = 0.0184, Tukey'’s posttest); * change from BL was statistically significant (repeated-measures ANOVA p = 0.0155, Tukey’s posttest)

in studied scores did not correlate significantly with maxi-
mal exercise power output or time to maximal perceived
exertion (data not shown).

DISCUSSION

Decades ago, Kurtzke [10] indicated that one good reason
for quantitative schemes in MS was to document chang-
es. In contrast to the total EDSS score, WD in our study
showed a significant daily variability induced by fatigabil-
ity, more so in patients with progressive MS phenotypes
and higher disability. Considering also day-to-day variabil-
ity of maximum walking distance [11], our results further
necessitate WD assessment in non-fatigued MS patients.

Similarly to previous reports [3], BL EDSS score was
predominantly determined by FS mainly affecting walk-
ing performance (pyramidal, cerebellar) and WD, but
significant daily WD changes were not followed by sig-
nificant changes in the EDSS score. Although being stable
at the total group level, a clinically meaningful transitory
post-exercise EDSS score increase occurred in 12.5% of
our patients who had progressive MS phenotypes. Such
short-term variations should be considered when evalu-
ating disease progression and designing trial outcomes
since measurement of changes smaller than the variation
intrinsic to the tool might be inappropriate [12]. Addition-
ally, EDSS variability before randomization might limit
treatment discovery in MS, as recently shown in primary
progressive MS by Zhang et al. [13].

Since a two-year EDSS change might predict later EDSS
progression [14], more sensitive outcome variables that
strongly correlate with the EDSS such as WD - being
metric rather than ordinal measures — might be able to
predict long-term disability in a shorter time. This would
be advantageous for designing clinical trials but also for
assessing individual treatment response in clinical routine.
Higher sensitivity could offer improved precision to detect
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YTUL,aj 3aMOP/bUBOCTM Ha KOMNOHEHTE NPOLLUMPEHE CKa/ie HEYPO/IOLLKe
0Hecnoco6/beHOCTM Yy MYNTUNIOj CKNEPO3M

Vpera [yjmosuh'? CumoH [emel?, AnbaH Munonur®, Onopujax [ajzeHxamep?

'KnuHnykm uentap Cpbuje, Knuhnka 3a Heyponorujy, beorpag, Cp6uja;
2YHnBep3uTeT y beorpagy, MegnumHckmn ¢pakyntet, beorpag, Cpbuja;

*MegnnupnHckm pakyntet y MHCOpyKy, Onemetbe Heyponoruje, MHCOpyK, AycTpuja

KPATAK CAZIP?KAJ

YBogp lNpoLeHa oHecnocobsbeHOCTN y MyNTHMNIOj CKNepo3n
(MC) Hajyelwhe ce BpLIX NPOLUMPEHOM CKaZlOM HEYPOJIOLLKE
oHecnocobrbeHocTy (EDSS). YTrLaj 3aMoprbyBOCTY Ha CBE KOM-
noHeHTe EDSS ckane Huje 4o cafa aHanm3npaHx.

Lwb papa Linb papa je 6vo fa aHanv3mpa yTruaj 3amoprbu-
BOCTU Ha YKynHU EDSS ckop 1 KomroHeHTe EDSS ckane — GyHK-
umoHanHe ckopose (OC) n ancrtaHuy xopaa (AX) go 500 m kog
6onecHmka ca MC Koju cy NoABPrHyT! CTaHAAPAN30BaHOM
du3nukom ontepehersy.

Mertope papa Y cTyaujy cy ykibyueHa 24 6onecHuKa ca penanc-
Ho-pemuteHTHOM MC (n = 7), cekyHaapHo-nporpecnsHom MC
(n = 8) n npumapHo-nporpecnsHom MC (n = 9). Uckmbyuyjyhin
Kputepujymm cy 6unu: aktyenHu penanc MC, noctojarbe MHdpek-
Lpje/bebpunHoCTI/CUMNTOMAa HanvK rpumny, ynotpeba nekosa
Ca noTeHUMjasHUM yTrLajem Ha 3aMop, KOHTpanHAMKaLmje 3a
dur3nuKo ontepeherbe. KomnoHeHTe EDSS ckane cy npoLeri-
BaHe of] CTpaHe jejHOT NMpoLietbBaya y TOKY NCTOT AaHa: mpe
onTepeheta, Mo M3narakwy CTaHAapAN30BaHOM onTepehetby
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1 HaKoH ofmopa. KNMHMYKM 3HauyajHUM je cmaTpaHo yBehatbe
EDSS ckopa 3a 21 yKonmKo je noyeTHu EDSS ckop <5,5 unu 3a
>0,5 yKkonuko je moyetHu EDSS ckop =5,5.

Pesynrtatu [X je y nogrpynu ca nporpecusHom MC 6una
yMarbeHa HakoH 3amapatba, M3paxeHuje y MoArpynm cexkyH-
napHo-nporpecusHe MC, y Kojoj je noyeTHu EDSS ckop 610
Hajehu. Y yKynHoj rpynu 6onecHuka nouetHm EDSS ckop (Me-
AnjaHa, 5,0; pacnoH 4,0-6,5) n ®C Hucy ce 3HayYajHO Merbanu
TOKOM MOHaB/baHVX MPOLEHa, anu je KNMHWYKW 3HaYajaH Npo-
na3Hu nopact EDSS ckopa HakoH onTepehetba 3abenexeH Ko
Tpu 6onecHrKa ca nporpecusHM popmama MC.

3aKs/byuak YTuLaj 3aMOp/bMBOCTU je n3paxkeHuju Ha [IX Hero
Ha yKynaH EDSS ckop 1 npucyTaH je Kof 6onecHmKa ca nporpe-
cnBHom MC 1 Behom oHecnocobbeHowwhy. MpouerrBame X
HakoH ogmopa 61 Tpebano yBeCTu y NPOTOKOsE KAVHUYKUX
NCTPaxu1Baka y nporpecmsHumM dpeHoTunosrma MC.

KrbyuHe peun: MynTunna ckiepo3a; npoLeHa OHecrnocobbe-
HOCTW; NMPOLUMPEHa CKasla HeYpPOJIOLLKE OHEeCNOCO6/bEHOCTY;
ANCTaHLa XOAa; 3aMOPJbMBOCT
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