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Background: Walking disability is one of the most frequent and burdening symptoms
of progressive multiple sclerosis (MS). Most of the exercise intervention studies that
showed an improvement in mobility performance were conducted in low to moderately
disabled relapsing-remitting MS patients with interventions using the legs. However,
MS patients with substantial walking disability hardly can perform these tasks. Earlier
work has indicated that aerobic arm training might also improve walking performance
and could therefore be a therapeutic option in already moderately disabled progressive
MS patients.

Methods: Patients with progressive MS and EDSS 4-6.5 were randomized using a
computer-generated algorithm list to either a waitlist control group (CG) or an intervention
group (IG). The IG performed a 12-week home-based, individualized arm ergometry
exercise training program. Maximum walking distance as measured by the 6-min walking
test (BMWT) was the primary endpoint. Secondary endpoints included aerobic fitness,
other mobility tests, cognitive functioning, as well as fatigue and depression.

Results: Of n = 86 screened patients, 53 with moderate disability (mean EDSS
5.5, SD 0.9) were included and data of 39 patients were analyzed. Patients in the IG
showed strong adherence to the program with a mean of 67 (SD 26.4) training sessions.
Maximum work load (Pmax) increased in the training group while other fitness indicators
did not. Walking distance in the 6BMWT improved in both training and waitlist group but
not significantly more in trained patients. Similarly, other mobility measures showed no
differential group effect. Cognitive functioning remained unchanged. No serious events
attributable to the intervention occurred.
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Conclusion: Although maximum work load improved, 3 months of high-frequency arm
ergometry training of low to moderate intensity could not show improved walking ability
or cognitive functioning in progressive MS compared to a waitlist CG.

The study was registered at www.clinicaltrials.gov (NCT03147105) and funded by the
local MS self-help organization.

y bi ise, multiple

INTRODUCTION

Multiple sclerosis (MS) is an autoimmune inflammatory and
degenerative disease of the central nervous system leading to
substantial irreversible disability in 2/3 of patients (1). From a
patient perspective, walking is among the three most relevant
bodily functions (2). Thus, any treatment or approach to improve
walking ability is highly relevant for people with MS (pwMS).
Current immunotherapies have not conclusively been shown to
improve impairments and benefits in progressive MS are very
limited. While drug treatments such as fampridine have shown
only limited effects as well (3), physiotherapy through gait and
balance training is the key strategy to maintain safe mobility as
long as possible (4). Rehabilitation studies have shown short-
term effects on several MS symptoms, but implementing them
in patients’ everyday life has remained challenging (5).

In recent years, an increasing number of exercise intervention
studies, using endurance exercise but also strengthening and
balance trainings, has shown beneficial effects in pwMS as
summarized in the systematic review by Latimer-Cheung et al.
(5). However, here only 5 of 54 exercise intervention studies
have explicitly addressed progressive MS. High-intensity training
during short-term inpatient interventions has demonstrated
impressive effects not only on mobility outcomes but also on
cognitive functions in pwMS with advanced disability, i.e., EDSS
4-6 (6). In addition, a meta-analysis on exercise training in
advanced MS showed significant improvement in physical fitness
in pwMS with severe mobility disability in two out of five studies
Edward and Pilutti (7).

In addition, MRI analysis indicated the potential of exercise
interventions to slow down brain atrophy and possibly increase
cortical thickness (8). Exercise intervention studies in healthy
aging and early dementia indicate similar beneficial effects of
exercise, although there is ongoing debate about the clinical
relevance of observed effects (9). Despite encouraging in
individual, small-scale studies (10), a recent meta-analysis did
not find evidence that exercise improves cognitive function in
MS (11).

PwMS in transition to secondary progressive MS or within the
progressive phase are largely not eligible for disease-modifying
drug interventions and may even be urged to stop an ineffective
drug. They experience increased difficulties in mobility and
thus problems to reach treatment facilities associated with
fatigue, which may limit training capacity. On the other hand,
continuous training three to five times/week might be the best
available strategy to delay further motor impairments (5). As
endurance training has gathered the most convincing evidence
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on beneficial effects for motor function in MS, we asked
which training form might be best suitable for pwMS with
walking restrictions between 100 and 500 m. In a pilot study,
we compared rowing and arm ergometry with bicycle ergometry
(10). While bicycle ergometry showed the strongest effects,
even arm ergometry appeared to improve walking performance
in this study. However, the training two to three times/week
was performed at the University Medical Center Hamburg
Eppendorf (UMC) only for 8 weeks. Patients perceived traveling
as a substantial burden and overall training session number
was moderate. Arm ergometry has rarely been studied in MS.
However, in patients with substantial paraparesis, arm ergometry
could offer a chance to improve fitness and muscular function.
Here, we present results from a pilot study set up to clarify
if home-based intensive arm ergometry study is feasible in
advanced pwMS and if this approach can influence mobility,
fitness, and cognition.

MATERIALS AND METHODS

Study Design
The study was designed as a randomized single blinded
controlled trial of a 12-week daily home-based arm ergometry
exercise training program compared to a waitlist control group
(CG) (see Figure 1).

Participant Inclusion and Exclusion Criteria
Patients between the age of 18 and 60 were included if they met
diagnostic criteria for clinically definite MS (12) with primary-
progressive or secondary-progressive disease course and had
moderate disability (Expanded Disability Status Scale EDSS 4-
6.5) (13). Patients were included when they felt that they were
able to perform an arm ergometry exercise training. Any medical
conditions at risk during exercise training such as cardiac diseases
as well a substantial cognitive deficit by clinical impression
making patients presumably unable to understand and follow
study rules were set as exclusion criteria. Patients with electronic
implants, epilepsy, and pregnancy were excluded.

Recruitment

Patient recruitment was conducted by screening the registry
database of the MS Day Hospital at the UMC for patients who
met inclusion criteria and had indicated interest in information
about new clinical studies. We also recruited patients through
advertisements like the website of the local self-help society
German Multiple Sclerosis Society (DMSG) and leaflets in
neurological practices in Hamburg.
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TO (Baseline) T1 (12 weeks)

I Arm spiroergometry I Intervention: I Arm spiroergometry I
Inclusion: /" 12 week home-based
-PPMS/SPMS ' M training =
-EDSS 4.0-6.5 | otor tests I \ /I otor tests I
-Age 18 -60 R

] 12 week waitlist*

I Neuropsych. tests

[ Neuropsych. tests |

Patient-reported
outcomes

*: optional training after T1

FIGURE 1 | Study design: The figure shows the inclusion criteria, the examinations before randomization (TO, Baseline) to either an intervention group (IG) or a control
group (CG) and the examination of both groups after 12 weeks (T1). Between TO and T1, the IG completed a 12-week home-based training. After study completion
(T1), patients of the CG were offered the same 12-week home-based training (waitlist).

Patient-reported
outcomes

Randomization

Patients were consecutively randomized 1:1 using a computer-
generated algorithm list. To ensure concealed allocation, the
list was kept at an independent unit in another building
and randomization codes were provided over the phone after
determination of eligibility and assessment of baseline measures.

Outcome Measures

The primary endpoint of the study was the 6-min walking
test (6(MWT) (14). Patients could use a walking aid but were
instructed to use the same aid through all assessments.

Exploratory endpoints included additional mobility
parameters [5-time sit-to-stand test (5SST) (15), timed tandem
walk (TTW) (16), 25-foot walking test (25FWT) (17), and timed
up and go test (TUG) (18)]. Furthermore, the MS walking
scale 12 (MSWS-12) was used as a patient-reported measure of
walking ability (19).

In addition, we included Peak oxygen consumption (VOjpeak
in ml/min and rel. VO,/Bodyweight in ml/min/kg) as secondary
outcome, and exploratory maximum power was also determined
(Pmax in W and rel. P/bodyweight in W/kg). Spiroergometry
was performed with the arm crank ergometer Ergoselect 200
(Ergoline, Bitz, Germany). The ventilatory measurements were
implemented with the spirometry system Metalyser-3B (Cortex
Biophysik, Leipzig, Germany). Spiroergometry was performed
as a ramp test with a start power of 0W and an increase of 5
W/min. Lactate, blood pressure, and work load perception [rate
of perceived exertion (RPE), Borg Scale] were measured every
2min (20). The Borg Scale includes a score from 6 to 20 points
for the subjective assessment of the effort. Blood was taken from
the hyperemized earlobe with a capillary tube to measure lactate.
The heart rate was measured with a heart rate monitor.

The Verbal Learning and Memory Test [VLMT; (21)] was
applied as a secondary neuropsychological outcome. Exploratory
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neurocognitive measures were the “battery for Attentional
Performance” (TAP; (22)) and other measures of the German
adaptation of the BICAMS (23) such as the Brief Visuospatial
Memory Test-Revised (BVMT-R) (24) and the Symbol Digit
Modalities Test (SDMT) (25). Neuropsychological tests were
obtained by a trained medical student (who was not blinded to
group assignment).

Additional exploratory measures were obtained: Quality of life
was assessed by the Hamburg Quality of Life in MS Questionnaire
10.0 (26). To measure the possible intervention impact on
fatigue and depression, we used the Fatigue Scale for Motor
and Cognition (FSMC) (27), and the Beck Depression Inventory
(BDI-II) (28-30). The Frenchay Activity Index (FAI) (31) was
obtained to measure activities of daily living. EDSS was obtained
as another control measure.

Other outcomes obtained but not reported here were
accelerometry data, brain atrophy, and biomarkers.

All endpoints were obtained at the Multiple Sclerosis Day
Hospital at the UMC at baseline (week 0 = T0) and after the
intervention (week 12 = T1) by IH, who was not blinded to the
trial group of a given patient. Adherence data were recorded by
the Motomed tool and/or by written documentation of patients.

Intervention Group (IG): Individually
Tailored Arm Ergometry Training

Spiroergometry results at baseline provided the anchor for
the individualized training schedule. Specifically, the aerobic
threshold as described earlier was determined (32). To validate
the resulting training parameters, participants performed a
briefing and familiarization session on the training tool Motomed
(Reck, Betzenweiler, Germany) a few days later (see Figure 2).
This training introduction was carried out in the Department
of Sports Medicine under the supervision of trained staff. Based
on the result of this session, the individual starting point for the
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FIGURE 2 | Arm ergometer (Motomed, Reck). The figure shows the arm
ergometer used in the trial.

home training plan was customized to reach the aim performing
the training near the aerobic threshold level to improve aerobic
capacity (33). The training concept, developed by an exercise
physiologist, included one defined training interval of 6 min
cranking including change of direction every minute and 2 min
passive cranking by support of the device. The training plans
incorporate an increase in the number of the described intervals
of 8 min (see Table 1). Training at home took place for a total of
12 weeks. The overall goal was to increase both the performance
(in watts) and the number of training intervals over 12 weeks.

Using the Borg Scale, the patients were able to subjectively
evaluate the perceived training load. Every 4 weeks, the target
performance was increased by 20%, starting from the initial
performance. Subjects who rated the training to be “demanding”
according to the Borg Scale (>15 points) continued with lower
performance goals and increased performance only after 4-6 or
8-10 weeks. Heart rate was continuously monitored during the
training with an ear clip.

In order to increase feasibility of the training program,
splitting a training session consisting of several intervals was
allowed; i.e., patients were allowed to complete multiple sessions
per day. The patients were asked to rate their effort on the
Borg Scale for every session. The strain should be “light” to
“moderate” (11-14 points) to keep the training adherence as high
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as possible. For the exercise training, patients used the Motomed
with an integrated chipcard box for program and performance
documentation. To support and supervise the patients during
their home-based training, telephone calls and, if necessary,
house visits were provided according to individual needs.

Control Group (CG): Waitlist

Patients randomized to CG were offered the training intervention
after the last assessment (3 months post randomization).

Sample Size Calculation

A previous pilot study (10) had shown an increase of 63m
(SD 60.5) in the 6MWT in the arm ergometry training group
compared to a decrease of 6.5m (SD 36.0) in the non-exercising
CG. We estimated at least 66% of this effect with a similar SD.
To detect an expected difference of 49m with a SD of 46 m
with a power of 80% by applying 5% alpha error, 19 participants
would be required in each group (NCSS-PASS, 2008). Expecting
a dropout rate of up to 33%, we aimed to recruit 60 patients.

Long-Term Follow-Up (FU) of the Cohort

All patients were telephone interviewed about a possible long-
term impact of the study for their exercise behavior with self-
developed Likert scale items and multiple choice items. Activity
was estimated with 1 = not active, 2 = irregularly active, and
3 = regularly active. Motivation for being active (as a result of
participating in the study) was rated on a scale ranging from 1 =
very little to 4 = very much.

Statistical Analysis

The primary analysis compared changes from baseline to
week 12 between the IG and the waitlist CG. According to
guidelines for statistical analysis of clinical trials published by
The European Agency for the Evaluation of Medicinal Products
(CPMP/ICH/363/96 and CPMP/EWP/2863/99), we computed
the primary statistical analysis for all outcomes using ANCOVA
models adjusting for baseline measurements of the respective
outcome variable to evaluate treatment effects (measured as
change from baseline). No other covariates were included in this
primary analysis. As recommended, this model did not include
treatment by covariate interactions as well. All primary analyses
were conducted as intention-to-treat (ITT) including all patients
who had received group allocation. Every effort was made to
obtain week 12 and week 24 data from all participants (even if
they dropped out of the exercise program).

In case of missing data, primary ITT analyses were conducted
using a Last-Observation-Carried-Forward (LOCF) approach.
In case of a significant effect in the ITT analysis, the same
ANCOVA models were computed for the complete case sample
as a sensitivity analysis.

Standard Protocol Approvals, Recruitment,

and Patient Consent

The trial was approved by the ethics committee of the
Chamber of Physicians, City of Hamburg (Registration Number
PV5408). The study was registered at www.clinicaltrials.gov
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TABLE 1 | Overview of training intervals.

Chip card Week

Chip card 1 1-4 1,2,3,1,2,38,1
Chip card 2 (P+ 20%) 5-8 2,4,2,4,2,5,2
Chip card 3 (P+30%) 9-12 3,5,8,5,36,8

Arm Ergometry to Improve Mobility in pwMS

Training intervals per session
3,1,324,2,4 2,5,3,5,35,3 5,354,545
6,3,6,3,6,3,6 4,6,4,6,4,6,4 6,5,6,5,6,5,6
6,4,6,4,6,4,6 5,6,5,6,5,6,5 7,5,7,5,7,5,7

One training interval on the arm ergometer consisted of 6 min load and 2 min rest. Patients received 3 chip cards for the amm ergometer with increasing power. Chip cards were exchanged
every 4 weeks. Numbers listed in each column display the interval sessions for a 7-day period, where each number represents the numbers of training intervals on a given day. For
example: The first day of week 2 shows indicates “3" which means that the patient has to repeat a training interval three times that day with chip card 1.

Assessed for eligibility
(n=86)
Excluded (n=33)
- Not ing inclusion criteria (n= 15)
declined to participate (n= 8)
- other reasons (n= 10)
Randomized
(n=53)

Allocated to training (n= 25)

Received allocated
intervention (n=24)

I

Received T1
(n=17)
- discontinued trial (n=7)

Allocated to control (=27)
= included ITT

missing baseline (n=1)

Received T1 (n=22)
- discontinued trial (n=3)
- missed 12w follow up
(n=3)

FIGURE 3 | Flow chart. The figure shows the participant flow chart starting with the assessment for eligibility for participation and through to study completion.

(NCT03147105). Informed consent was obtained in all patients
before trial inclusion.

RESULTS

Recruitment started in December 2017 and the trial was
completed in January 2019. Eighty-six patients were interested to
participate in our study. After screening for eligibility, 53 patients
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fulfilled the inclusion criteria (for patient attrition, see Figure 3).
They were randomized 1:1 to the IG or CG. Patients in the IG
completed a mean of 67 (SD 26.4) training sessions.

Forty-nine patients had complete data at baseline as well as
the FU testing 12 weeks later. For the ITT analyses, all patients
randomized with baseline parameters of at least the primary
outcome measure were included (i.e., 25 patients in the IG and
26 in the CG). As intended, patients training intensity ratings

July 2021 | Volume 12 | Article 644533
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TABLE 2 | Clinical baseline characteristics.

G CG
N 25 27
Age (years) 51.9(7.9) 50.3 (6.9)
Sex (m/f) 8/17 12/15
Body weight (BMI) 22.4(5.6) 22.9(7.4)
Education (years) 11.7(1.5) 11.0(1.7)
EDSS 5.5(0.9) 5.3(0.9)
Disease duration (years)" 13.9 6.0 125(5.2)
Disease courses (PP/SP) 5/20 5/22
On immunotherapy (%)* 7 (28%) 14 (52%)

The following data were collected during the baseline assessment (week 0). Afterwards,
patients were using a ter-gel igorithm list to either a waitiist
control group (CG) or the intervention group (IG).

Data shown as mean (standard deviations). *From diagnosis. **Glatirameracetat,

b, Terifi

9 Rituximab. Alemt: ab. Natali
Fing: F

based on the Borg Scale were around 13 (SD 1.9) on a scale from
6 to 20 points (20). Seven patients in the IG and three of the CG
discontinued the study (see Safety section for details).

Overall, patients had moderate clinical disability (mean EDSS
5.5, SD 0.9, range 4.0-6.5) and a mean disease duration of 13.6
years (SD 6.2). Sex ratio was biased toward women (1.6:1) and
both groups showed comparable distribution of demographic
parameters (see Table 2). Cognitive deficits in at least one of the
neuropsychological tests (defined by >1 SD below the normative
data) were found in n = 41 participants, n = 20 of them in the
IG. Seventeen participants (nine of them in the IG) showed three
or more deficits in cognition.

Adherence and Feasibility

Overall training duration ranged from 10 to 48 h as documented
by the Motomed and 8-48h based on self-documentation
(see Supplementary Table 1). Self-documented and Motomed
documented training duration did substantially differ in some
patients possibly due to difficulties in handling the chipcard
reader system. Heart rate over all training sessions ranged from
87 to 109 (mean 94) while maximum heart rate ranged from 89
to 154 (mean 114). Mean Borg Scale over all training sessions
ranged from 10.7 to 16.3 (mean 13.2). Six patients split training
sessions throughout the day (mean 2.02 sessions/day).

Effects on Mobility and Arm Function

The primary endpoint, the 6MWT, increased by 18.2m in the
IG and 7.2m in the CG. This difference was not significant
according to the ITT analysis (p = 0.604, ANCOVA). IG and CG
showed similar performance in all exploratory motor-oriented
leg and arm function tests at baseline, and none of these tests
showed significant treatment effects (see Table 3). Self-reported
walking ability was measured by MSWS12, indicating moderate
impairment at baseline and no relevant change throughout the
study. We did not observe changes in EDSS over the course of
the training. To see the treatment effects the difference in the
6MWT, T25W and MSWS12 are shown as change from basline
to T1 in the IG and the CG (see Figure 4).
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Effects on Fitness Parameters

Although not significant, there was a trend toward a decrease
of the VO,peak/kg CG and toward an increase in the IG (see
Figure 4). Similarly, maximum power started from a higher
level in CG but declined for 3.7W while maximum power
increased for 3.5 W in the IG. This effect was small but significant
(ANCOVA, p = 0.021).

Effects on Quality of Life, Fatigue,
Depression, and Daily Functioning

MS-specific quality of life improved in the IG compared to the
CG, although the change again was small (0.1 points in IG and
0 points in CG, p = 0.045, ANCOVA) and could not be detected
in subscales (see Table 3 and Figure 4). Correspondingly, there
was an improvement in depression ratings in the BDI although
this was just a trend finding (ANCOVA p =0.091). However,
fatigue ratings that showed modest impairment at baseline were
not altered throughout the study. Daily functioning as measured
by the FAI in general did not change through the 3 months
study period.

Effects on Cognitive Function

Measures of verbal learning, information processing and
memory, spatial learning and memory, as well as attention
remained stable throughout the study period (see Table 4).

Safety
At T1 (at 3 months) and T2 (at 6 months), patients reported no
intervention-related injuries such as falls or accidents. General
worsening of the overall condition was reported by one patient
in the IG, which was not mirrored in EDSS change. One patient
experienced a lower leg fracture due to an accident, which was
not related to the training but led to the interruption of the
study. Another patient developed neck-shoulder pain during the
training, which resolved in the FU. Besides that, one patient
developed pyelonephritis and had to stay in the hospital for
a while, and another one started in-patient MS rehabilitation.
Two patients had no motivation to exercise over 12 weeks and
reported that the training took too much time.

Two patients of the CG noted that the waiting period was too
long and some indicated decreasing motivation in the 12 weeks.

Long-Term FU

A telephone-administered survey 1-2 years after the original
study asked patients about their activity level before the study
and thereafter. Sixteen patients (94%) from 17 who participated
in the IG could be contacted. Based on the applied three-point
Likert scale, the IG turned from a level of being not regularly
active (mean 2.1, SD 0.8) to a mean of being regularly active
(2.7, SD 0.6). To maintain being active, all 16 respondents would
have wished a telephone FU after the study. Nine participants
indicated on request that a web-based interactive platform might
be helpful. Also, all would recommend the study to other pwMS
after having terminated the study.
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TABLE 3 | Motor, fitness, and patient reported outcomes (ITT analyses with last-observation carried forward).

[}

Baseline Week 12
Motor function and aerobic fitness
BMWT (m) 231.2 (106.6) 249.4 (124.9)
T25W (sec) 12.5(10.1) 12.7 (10.2)
5SST (sec) 22.4(9.4) 20.5(7.8)
TTW (sec) 15.3 (6.6) 14.8 (6.9)
TUG (sec) 15.5 (8.4) 15.8(9.2)
9HPT right (sec) 27.9(8.2) 20.6 (14.6)
OHPT left (sec) 28.8(7.8) 30.1(12.8)
VOzpeak/kg (ml Oz/min) 1.01(0.26) 1.1(0.26)
Pmax (Watt) 47.5(13.7) 51.0(12.9)
EDSS 5.5(0.9) 55(0.8
Patient-reported outcome measures
BDI 9.4 (7.4 8.8(6.0
FSMC 68.8(13.2) 68.1(17.1)
MSWS12 34.0(8.1) 34.5(7.2)
HAQUAMS
Lower ex. 3.5(0.7) 3.3(0.8
Upper ex. 2206 23(06
Fatigue 2.8(1.0) 26(0.9)
Thinking 25(1.0) 24(1.0)
Comm. 22(0.7) 22(0.7)
Mood 2.7(0.7) 25(0.7)
Total 2.7 (0.4) 2.6(0.4)
FAI (total) 29.0(8.5) 28.2(9.5)

ca p
Baseline Week 12
275.0 (102.6) 2829 (115.3) 0.604
10,5 (12.1) 10.7 (12.8) 0.827
19.3(11.3) 19.4(11.7) 0.180
15.8 (8.8) 16.7 (8.9) 0.726
14.8 (13.9) 14.2(11.8) 0.259
28.2 (12.6) 28.8(13.0) 0618
31.8(20.2) 357 (39.9) 0.981
1.20 (0.36) 1.16(0.34) 0.174
53.80 (15.9) 50,08 (11.8) 0.021
53(0.9) 5.4 (0.9) 0.344
10.9(7.5) 11.9(8.0) 0.091
71.7 (11.5) 72.8(11.7) 0.410
32.5(8.9) 337 (9.7) 0.711
33(0.8) 33(0.7) 0.41
1.9(0.5) 1.9(0.6) 0.376
3.0(0.9) 3.0(0.9) 0.149
2.8(0.9) 2.8(09) 0.626
2.0(0.9) 22(09) 0.092
2.6(0.9) 26(0.9) 0.165
2.6(0.5) 2.6(0.5) 0.045
33.3(8.5) 32.4(9.0) 0919

The table shows results of motor function, aerobic fitness, and patient-reported outcome measures at baseline (week 0) and after 12 weeks both in the intervention group (IG) and the
control group (CG). Mean values and standard deviation (in brackets) are shown. P-values are shown on the right according to ANCOVA. The bold values show significance.

6 MWT, Six minute walking test; 9 HPT, Nine-Hole Peg Test; T25FW, Timed 25-foot walk; Pmax, maximal Power; BDI, Beck Depression Inventory; FSMC, Fatigue Scale for Motor and
Cognitive Functions; MSWS-12, 12-item MS Walking Scale; HAQUAMS, Hamburger Quality of Life Questionnaire in Multiple Sclerosis, higher scores indicate a worse quality of life; FAI,

Frenchay Activity Inventary.

DISCUSSION

Although pwMS show substantial limitations in doing leg-based
endurance exercise when they have entered the progressive phase
of the disease, limited research has explored the potential of
aerobic arm training in these patients. Based on an earlier trial
(10), we conducted a pilot study for arm ergometry in pwMS. In
contrast to previous center-based interventions (10, 32), AMBOS
aimed to establish a high-frequency home-based training.

This study showed that a high frequency at home training is
feasible for 3 months with a substantial number of 67 sessions. Of
note, this trial enrolled a cohort of progressive pwMS with a mean
EDSS of 5.5 referring to being able to walk 100 m without aid.
As we included patients with an EDSS up to 6.5, more advanced
disability in some patients might have contributed to the overall
lack of a detectable treatment effect.

However, our trial clearly missed its primary endpoint as we
could not detect treatment effects on our pre-specified measures
of walking ability. Was the goal of improving walking by arm
training too ambitious? Upper body training is firmly established
in spinal cord injury showing improved aerobic capacity and also

Frontiers in Neurology | www.frontiersin.org

functional benefit in enhanced wheelchair handling (34, 35). It
has been argued that high training intensity cannot be achieved
with upper limb training (36). This has been attributed to less
muscle mass than in lower limb training. However, studies
comparing hand and leg cycling ergometry in healthy female
individuals have shown that after 7 weeks of training, 75% of VO,
peak compared to leg ergometry can be reached (36). Central
adaptations as mirrored in an increase in cardiac output and
oxygen delivery to the muscles can be shown after upper body
endurance training (37). However, leg cycling performance was
not improved in the study of Hettinga et al. (36), indicating that
systemic adaption based on arm training might not be sufficient
to improve aerobic training performance in the legs.

On the other hand, work in elderly people has shown that
walking performance in patients with intermittent claudication
(~70 years) and in patients with peripheral arterial disease
improved after upper body endurance training, at least partly
due to a better lower limb O, delivery (38, 39). Although
pathomechanisms in spinal cord injury and claudication are very
different from MS, these data are in line with putative systemic
effects of arm ergometry. Thus, arm training might show transfer
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FIGURE 4 | Treatment effects (complete case analyses). Difference in the main outcomes are shown as change from baseline to T1 in the control group (CG, gray)
and intervention group (IG, blue). Negative values indicate a decrease from baseline to T1. Change in each group is displayed for the 6-min-walking test (A), in peak
oxygen consumption (B), maximum power performed (C) 25-foot-walking-test (D), quality of life measured by the hamburg Quality of Life in MS Questionnaire 10.0
(here, lower scores indicate higher Qol) (E) and the MS-walking-scale-12 (F). Each data point depicts the change of an individual participant from baseline to T1,
boxplots represent median and interquartile range. 6 MWT, Six minute walking test; VO, peak/kg, Peak oxygen consumption; Pmax, maximal Power, T25W, Timed
25-foot walk; HAQUAMS, Hamburger Quality of Life Questionnaire in Multiple Sclerosis; MSWS-12, 12-item MS Walking Scale.

TABLE 4 | Cognitive outcomes (ITT analyses with last-observation carried forward).

1G cG P
Baseline Week 12 Baseline Week 12
SDMT (points) 44.6 (15.4) 457 (14.3) 43.2 (16.7) 44.6(13.2) 0.970
VLMT 1-5 learning (points) 52.5 (8.6) 54.4 (8.7) 51.2 (12.0) 53,0 (12.5) 0.868
VLMT 5-7 delayed memory (points) 22(2.1) 1.5(1.8) 2224 19(2.4) 0.494
BVMT-R total learning (points) 225(7.9) 24.1(6.5) 20.0 @.1) 21.4 (8.5) 0.908
BVMT-R recall (points) 8.5(2.9) 8.9(2.9) 7.8(3.4) 8.3(2.8) 0.821
TAP Tonic Alertness (msec) 317 (71.1) 309 (63.0) 287 (64.1) 286 (61.8) 0.400
TAP Phasic Alertness (msec) 317 (83.7) 297 (65.9) 300 (64.2) 290 (65.8) 0.326

The table shows cognitive function at baseline (week 0) and after 12 weeks both in the intervention group (IG) and the control group (CG). Mean values of raw scores and standard
deviation (in brackets) are shown. P-values are shown on the right, based on the primary analysis (ITT ANCOVA).

SDMT, Symbol Digit Modalities Test; VLMT, verbal learning and memory test; BVMT-R, Brief Visuospatial Memory Test-Rrevised; TAP tonic alertness, Test battery for attention tonic
alertness; TAP phasic alertness, Test battery for attention phasic alertness.
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effects in low-intensity tasks such as walking in people with
a low fitness level. Future studies directly comparing arm vs.
leg ergometry may be informative regarding the possibility of
differential effects on walking ability.

Having said that, it should be noted that arm ergometry
training programs can differ substantially. Our arm cycling
spiroergometry as well as the training tool in our earlier study
needed more trunk and shoulder work, possibly explaining the
minor impact of the training despite the high volume of sessions.

While most secondary endpoints also showed no significant
treatment effects, we did observe some promising signals with
regard to increases in fitness indices in the training group,
particularly in Ppay. This effect was small, but mirrored the
findings in our earlier study (10).

As inpatient high-intensity training in pwMS with advanced
disability has been shown not only to be feasible but also to
show stronger effects than standard aerobic training (6), even a
higher training burden might be feasible for example in a closer
supervised initial phase of a longer-term training concept.

Although our patient cohort trained on their own with an
elaborate chip-card training program, a substantial amount of
telephone coaching was necessary to keep the patients adherent.
Most of them received telephone coaching at the beginning,
after 4 weeks, and after 8 weeks. For special questions, patients
could call or write an email at any time. Our adherence data
indicate that some patients had difficulties with the treatment
documentation. Splitting of the daily program into a number
of short sessions might have limited putative training effects in
that subgroup.

Therefore, we believe that any approach in progressive MS
stages needs a substantial amount of education and continued
personal support.

Qualitative evaluations are not standard in MS exercise trials,
and our data on these aspects are also limited. Future studies
might thus benefit from more detailed patient feedback to
gain the most information from pilot and feasibility studies on
exercise interventions (40).

Although the arm ergometry approach was justified by our
previous study (10), applying the intervention in a home-
based setting added another variable of uncertain weight to the
experimental approach.

Our study cohort was small and baseline data of 6MWT,
25FWT, and EDSS indicate a worse mobility status in the IG,
which might have blurred a possible differential effect of the
intervention. A longer trial duration might have led to stronger
effects. The long-term FU data of our study showed that more
patients became active through the trial and that they would
recommend the study to other pwMS, indicating that such
an extension might be feasible. Drug trials aiming to slow
progression hardly manage to show this effect through at least
2 years trial duration and several hundred patients (41). Most
work on exercise intervention studies in progressive MS were
administered in a rehabilitation or outpatient setting but not
attached to the daily lives of patients. Therefore, we believe
that longer durations are needed to show if exercise can slow
progression or even increase fitness and functioning. In fact, an
exercise training approach in progressive MS needs to aim for

Frontiers in Neurology | www.frontiersin.org
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a lifelong implementation, which might even need adaptation
when the disease worsens despite all efforts.

In contrast to earlier work (10), we could not show improved
performance on cognitive measures of verbal learning and
attention. Current evidence on exercise training on cognition in
MS does not indicate a benefit as summarized by a recent meta-
analysis (11). However, another small short-term study in RRMS
with low disability but significant cognitive impairment could
show some amelioration of deficits, although improvements
compared to controls could only be shown in two out of seven
neurocognitive measures (42).

Finally, although most current data exist with regard to
aerobic training, a combination of aerobic training with
resistance training or HIT training might be more potent to affect
brain functioning as measured by cognitive tests (43).

CONCLUSION

Taken together, our pilot RCT indicates that home-based training
in progressive MS is feasible, but the current format seems
too weak in intensity and overall duration to justify any valid
conclusion on the effect of especially arm aerobic exercise on
mobility and cognitive performance in progressive MS.
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Einleitung

Die Multiple Sklerose (MS) ist eine chronisch-entzindliche Erkrankung des
zentralen Nervensystems (ZNS), die durch Entziindungsprozesse im Gehirn und
Rickenmark gekennzeichnet ist, wobei es zu Demyelinisierungen der Axone
und zur Destruktion von Neuronen kommt. Unterschieden werden der
schubformige Verlauf von der primér progredienten sowie sekundér
progredienten Verlaufsform. Klinisch fuhrt die Krankheit bei der Mehrheit der
Patienten zu erheblichen Behinderungen (Thompson et al., 2018), wobei die
klinischen Symptome je nach Lé&sionsort vielféltig sein kdnnen. Aus Sicht der
Patienten gehort das Gehen zu einer der wichtigsten Korperfunktionen (Heesen
et al., 2018), sodass jede Behandlung oder jeder therapeutische Ansatz zur
Verbesserung der Gehféhigkeit fir Menschen mit MS von groRer Bedeutung ist.
Die derzeitigen Immuntherapien haben bisher nicht schliissig gezeigt, dass sie
die verschiedenen korperlichen und kognitiven Beeintrachtigungen verbessern
konnen. Daneben ist der Nutzen der medikamentdsen Therapie bei progredienter
MS begrenzt. Physiotherapie durch Gang- und Gleichgewichtstraining ist daher
die wichtigste therapeutische Saule, um die Mobilitat der Patienten, die an einer
chronischen MS erkrankt sind, so lange wie mdglich zu erhalten (Baird et al.,
2018). Rehabilitationsstudien haben kurzfristige Auswirkungen auf
verschiedene MS-Symptome gezeigt, allerdings ist die Umsetzung und
Integrierung der Therapien in den Alltag der Patienten, insbesondere bei
chronisch kranken MS-Patienten nach wie vor schwierig (Latimer- Cheung et
al., 2013). In den letzten Jahren hat eine zunehmende Zahl von Studien zu
Bewegungsinterventionen, bei denen Ausdauertraining, aber auch Kraftigungs-
und Gleichgewichtsiibungen zum Einsatz kamen, positive Auswirkungen bei
MS-Patienten gezeigt (Latimer- Cheung et al., 2013). Hochintensives Training
unter kurzzeitiger stationérer Betreuung hat nicht nur auf die Mobilitat, sondern
auch auf die kognitiven Fahigkeiten der MS-Patienten mit fortgeschrittener
Behinderung, d.h. einem Expanded Disability Status Scale (EDSS) von 4,0 bis
6,0 beeindruckende Auswirkungen gezeigt (Campbell et al., 2018). Dariiber
hinaus zeigte eine Meta-Analyse zum Mobilitatstraining bei fortgeschrittener

15



MS in zwei von funf Studien eine signifikante Verbesserung der korperlichen
Fitness bei Patienten mit MS, die unter einer deutlichen Einschréankung ihrer
Mobilitat leiden. (Edward und Pilutti, 2017). Eine Studie mit gesunden alteren
Personen konnte zeigen, dass Bewegung positive Auswirkung auf die Kognition
haben kann (Ludyga et al., 2020), wobei dagegen eine andere durchgeftihrte
Studie keine Beweise aufzeigte und Bewegung die kognitive Funktion bei MS
nicht verbesserte (Gharakhanlou et al., 2020). Patienten mit progredienter MS
haben oft eine zunehmende Mobilitatseinschrankung, sodass es nur mit grof3em
Aufwand mdglich ist, Behandlungseinrichtungen zu erreichen. Andererseits
kdnnte ein kontinuierliches Training drei- bis finfmal pro Woche der beste
verfligbare therapeutische Ansatz sein, um ein Fortschreiten weiterer
motorischer Beeintrdchtigungen zu verzégern (Latimer-Cheung et al., 2013).
Da Ausdauertraining die tiberzeugendsten Beweise fiir die positiven
Auswirkungen auf die motorischen Funktionen bei MS erbracht hat, stellten wir
uns die Frage, welche Trainingsform fiir Patienten mit MS, die eine Gehstrecke
zwischen 100m und 500m (EDSS 4,0 bis 6,5) zurlicklegen konnen, am besten
geeignet sein konnte. In einer Pilotstudie verglichen wir das Training am
Rudergerat, am Armergometer und am Fahrradergometer (Briken et al., 2014).
Wahrend die Fahrradergometrie die starksten Effekte zeigte, schien in der oben
genannten Studie auch die Armergometrie die Gehféhigkeit zu verbessern.
Allerdings wurde das Training zwei- bis dreimal pro Woche am
Universitatsklinikum Hamburg Eppendorf (UKE) Uber einen Zeitraum von
lediglich acht Wochen durchgefiihrt. Die Patienten empfanden die Anreise als
erhebliche Belastung. Die Armergometrie ist bei MS bisher nur selten
untersucht worden, obwonhl sie gerade bei Patienten mit einer Paraparese der
Beine eine Moglichkeit zur Verbesserung der Fitness und der Muskelfunktion
bieten konnte.

In dieser Arbeit stellen wir die Ergebnisse einer Pilotstudie vor, die klaren soll,
ob ein intensives Armergometrietraining zu Hause bei fortgeschrittenen MS-
Patienten durchfihrbar ist und ob dieser Ansatz Mobilitét, Fitness und
Kognition beeinflussen kann.

16



Material und Methoden

Studiendesign

Die randomisiert-kontrollierte Studie erfolgte als heimbasiertes Training am
Motomed-Armergometer tber insgesamt zwolf Wochen. Die Teilnehmer
wurden entweder in eine Trainingsgruppe oder eine Wartegruppe randomisiert.
Eingeschlossen werden konnten Patienten mit einer primar progredienten
Multiplen Sklerose (PPMS; Polman et al., 2011) (12) sowie einer sekundér
progredienten Multiplen Sklerose (SPMS) mit einem EDSS zwischen 4,0 und
6,5. Das Alter betrug zwischen 18 und 60 Jahren. Hochgradige
Herzerkrankungen, kognitive Defizite, Epilepsie oder Schwangerschaft zahlten
zu den Ausschlusskriterien.

Die Rekrutierung erfolgte tGber die MS-Datenbank der MS-Ambulanz des
Universitatsklinikums Eppendorf sowie tber Informationsflyer, welche in
verschiedenen neurologischen Praxen in Hamburg verteilt wurden.

Die Untersuchungen der Teilnenmer fanden jeweils in den entsprechenden
Raumen des Universitatsklinikum Eppendorf statt. Die Zeitpunkte umfassten d
Datenerhebung zu Beginn (Woche 0, TO) sowie nach der Intervention nach 12
Wochen (T1). Die Trainingsdaten wurden mit dem Motomed-Tool sowie
zusatzlich durch schriftliche Dokumentation der Patienten erfasst. Angestrebt
wurde ein tagliches Training anhand eines zuvor erstellen Trainingsplans, der
fur die Teilnehmer individuell angepasst wurde.

Die Randomisierung erfolgte anhand eines PC-generierten Algorithmus.

ie
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Messungen und Endpunkte

Der primare Endpunkt der Studie war der 6-Minuten-Gehtest (6MWT;
Goldmann et al. 2008). Es war den Patienten erlaubt, eine Gehhilfe wéhrend der
Untersuchungen zu verwenden. Wichtig war, dass die Patienten bei allen
Untersuchungen dieselbe Hilfe genutzt haben.

Zu den sekundéren Endpunkten gehorten zusatzliche Mobilitatsparameter, wie
der 5-time-sit-to-stand-test (5SST; Jensen et al., 2016), der Timed Tandem
Walk, (TTW; Stellmann et al., 2014), der 25-Foot Walking Test (25FWT;
Hobart et al., 2013) und der Timed Up and Go Test (TUG, Sebastiao et al.,
2016). Dartiber hinaus wurde der MS Walking Scale 12 (MSWS-12; Hobart et
al., 2003) zur subjektiven Einschatzung der Gehféhigkeit verwendet.

Weitere sekundare Endpunkte waren die Ergebnisse im verbalen Lern- und
Gedachtnistest (VLMT; Helmstaedter et al., 1999)], die ,,Batterie fiir
Aufmerksamkeitsleistung® (TAP; Zimmermann, 1994) und weitere Messungen
der deutschen Version des BICAMS (Filser et al., 2018), wie der Brief
Visuospatial Memory-Test-Revised (BVMT-R; Tam und Schmitter-
Edgecombe, 2013) und der Symbol Digit Modalites Test (SDMT; Lopez-
Gongora et al., 2015). Zusatzlich erfolgte eine subjektive Einschéatzung der
Lebensqualitat anhand des Hamburger Lebensqualitatsmessinstrument
(HALEMS 10.0; Schaffler et al., 2013). Um die mdglichen Auswirkungen der
Intervention auf Mudigkeit und Depression zu messen, verwendeten wir die
Fatigue Scale for Motor and Cognition (FSMC; Penner et al., 2009) und das
Beck Depression Inventory (BDI-II; Hautzinger et al., 1995; Fischer et al., 2015;
Hautzinger, 1991). Der Frenchay Activity Index (FAI; Ytterberg et al., 2008)
wurde zur Messung der Aktivitaten des taglichen Lebens herangezogen. Der
EDSS wurde als weiteres Kontrollmal erhoben.

Zusatzlich wurden mittels Spiroergometrie der Spitzen-Sauerstoffverbrauch
(VOzpeax) in Milliliter pro Minute (ml/min) und der relative Sauerstoffverbrauch
pro Kilogramm Kaorpergewicht (VO./kg Kdrpergewicht) in ml/min/kg als
sekundarer Endpunkt aufgenommen und die Maximalleistung Pmax in Watt (W)
sowie die relative Leistung bezogen auf das Korpergewicht (rel.
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P/Korpergewicht) in W/kg bestimmt. Die Spiroergometrie am
Armkurbelergometer wurde als Rampentest mit einer Startleistung von 0 W und
einer Steigerung von 5 W/min durchgefuhrt. Laktat, Blutdruck und
Belastungsempfinden (Rate of perceived extertion (RPE), Borg Skala; Borg et
al., 1982) wurden alle zwei Minuten gemessen. Zur Messung des Laktats wurde
mit einem Kapillarréhrchen Blut aus dem hyperdamisierten Ohrlappchen
entnommen. Die Herzfrequenz wurde mit einem Herzfrequenzmesser gemessen.

Weitere Untersuchungen, tber die in dieser Arbeit nicht nédher eingegangen
wird, waren eine Blutentnahme sowie eine Magnetresonanztomographie (MRT)
des Neurokraniums.

Interventionsgruppe (1G) und Kontrollgruppe (CG)

Die Patienten wurden jeweils in eine Interventionsgruppe (IG) oder eine
Kontrollgruppe (CG) randomisiert. Die Ergebnisse der Spiroergometrie, die im
Rahmen der Erstuntersuchung (TO) stattgefunden hat, dienten als Grundlage fir
die Erstellung eines fir jeden Patienten individuell angepassten Trainingsplan.
Die Teilnehmer der Trainingsgruppe bekamen im Anschluss eine Einweisung in
das Armergometer am UKE. AnschlieBend wurde der individuelle
Ausgangspunkt fir den Heimtrainingsplan gegebenenfalls angepasst, um das
Ziel zu erreichen, das Training nahe der aeroben Schwelle durchzufihren und
die aerobe Kapazitét zu verbessern (Westhoff et al., 2013). Ein
Trainingsintervall bestand aus sechs Minuten kurbeln mit Richtungswechsel pro
Minute gefolgt von zwei Minuten passivem Kurbeln durch Unterstiitzung des
Armergometers. Die Anzahl der Trainingsintervalle pro Trainingseinheit wurde
zuvor festgelegt und in bestimmten Abstadnden gesteigert. Zundchst wurde mit
einem Intervall begonnen. Das Training zu Hause erfolgte tiber einen Zeitraum
von insgesamt zwolf Wochen. Das Gesamtziel bestand darin, sowohl die
Leistung (in Watt) alle vier Wochen als auch die Anzahl der Trainingsintervalle
gemal des Trainingsplans Gber den Zeitraum zu steigern. Mit Hilfe der Borg-
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Skala konnten die Patienten die empfundene Trainingsbelastung subjektiv
einschatzen. Probanden, die das Training nach der Borg-Skala als
,,anspruchsvoll* bewerteten (> 15 Punkte), fuhren zundchst mit gleicher
Leistung fort und steigerten diese erst im Verlauf. Die Herzfrequenz wurde
wéhrend des Trainings kontinuierlich mit einem Ohrclip tiberwacht.

Zur Unterstutzung und Betreuung der Patienten wahrend des hauslichen
Trainings wurden Telefonate und bei Bedarf Hausbesuche nach individuellen
Bedirfnissen durchgefthrt.

Den Patienten, die in die Kontrollgruppe randomisiert wurden (CG), wurde die
Mdaglichkeit zum Training am Armergometer nach der Untersuchung nach zwolf
Wochen angeboten (T1).

Alle Patienten wurden telefonisch zu langfristigen Auswirkungen der Studie auf
ihr Bewegungsverhalten mit selbst entwickelten Likert-Skala-Items und
Multiple-Choice-ltems befragt.

Datenanalyse

In der priméren Analyse wurden die VVeradnderungen zwischen der IG und der
CG vom Ausgangswert bis zur Woche zwolf verglichen. GemaR den Leitlinien
flr die statistische Analyse klinischer Studien, die von der Européaischen
Agentur fir die Beurteilung von Arzneimitteln (CPMP/ICH/363/96 und
CPMP/EWP/2863/99) veroffentlicht wurden, berechneten wir die primére
statistische Analyse fir alle Ergebnisse unter der Verwendung von ANCOVA-
Modellen. In diese primére Analyse wurden keine weiteren Kovariablen
einbezogen. Alle Primaranalysen wurden als Intention-to-Treat (ITT)
durchgefuhrt und schlossen alle Patienten ein, die eine Gruppenzuweisung
erhalten hatten.

Im Falle fehlender Daten wurden die primaren ITT-Analysen mit einem LOCF-
Ansatz (Last-Observation-Carried-Forward) durchgefiihrt. Im Falle eines
signifikanten Effekts in der ITT-Analyse wurden dieselben ANCOVA-Modelle
fiir die gesamte Fallstichprobe als Sensitivitatsanalyse berechnet.

20



Genehmigung des Standardprotokolls, Rekrutierung und
Patienteneinwilligung

Die Studie wurde von der Ethikkommission der Arztekammer Hamburg
genehmigt (Registrierungsnummer PVV5408) und unter www.clinicaltrials.gov
(NCT03147205) registriert. Bei allen Patienten wurde vor der Aufnahme in die
Studie eine informierte Zustimmung eingeholt.
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Ergebnisse

Rekrutierung

Die Rekrutierung der Teilnehmer begann im Dezember 2017 und die Studie
wurde im Januar 2019 abgeschlossen. Nach dem Screening erfullten 53
Patienten die Einschlusskriterien. Sie wurden im Verhaltnis 1:1 in die 1G oder
CG randomisiert. 49 Patienten verfligten Gber vollstandige Daten bei
Studienbeginn. Fir die Auswertung wurden alle randomisierten Patienten mit
Baseline-Parametern von mindestens der primaren Ergebnismessung
eingeschlossen (d.h. 25 Patienten in der IG und 26 in der CG).

Demographie

Insgesamt zeigten die Patienten eine mél3ige klinische Beeintrachtigung
(mittlerer EDSS-Wert 5,5, SD 0,9, Spanne 4,0-6,5) und eine mittlere
Krankheitsdauer von 13,6 Jahren (SD 6,2). Das Geschlechterverhéltnis war mit
1,6:1 eher weiblich und beide Gruppen wiesen eine vergleichbare Verteilung der
demografischen Parameter auf. Kognitive Defizite in mindestens einem der
neuropsychologischen Tests (definiert durch >1 SD unterhalb der normativen
Daten) wurden bei 41 Teilnehmern festgestellt, 20 davon in der 1G. 17
Teilnehmer (davon neun in der 1G) zeigten drei oder mehr kognitive Defizite.

Training am Armergometer

Die Patienten der IG absolvierten durchschnittlich 67 (SD 26,4)
Trainingseinheiten. Die Gesamtdauer des Trainings reichte von 10 bis 48
Stunden, wie vom Motomed dokumentiert, und von 8 bis 48 Stunden, wie von
den Patienten selbst dokumentiert. Die selbst dokumentierte und die von
Motomed dokumentierte Trainingsdauer wichen bei einigen Patienten erheblich
voneinander ab, was maoglicherweise auf Schwierigkeiten bei der Handhabung
mit dem Chipkartenlesesystems zurtickzufiihren war. Die Herzfrequenz wéhrend
der Trainingseinheiten lag zwischen 87 Schlégen pro Minute (bpm) und 109
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bpm (Mittelwert 94 bpm), wahrend die maximale Herzfrequenz zwischen 89
bpm und 154 bpm (Mittelwert 114 bpm) lag. Der Mittelwert der Borg-Skala
wéhrend der gesamten Trainingseinheiten lag zwischen 10,7 und 16,3
(Mittelwert 13,2). Sechs Patienten verteilten ihre Trainingseinheiten tiber den
Tag (durchschnittlich 2,02 Einheiten/Tag).

Primarer Endpunkt

Der primare Endpunkt der Studie, der 6MWT, nahm bei der IG um 18,2 m und
bei der CG um 7,2 m zu. Dieser Unterschied war nach der ITT-Analyse nicht
signifikant (p=0,604, ANCOVA).

Sekundare Endpunkte

Beide Gruppen zeigten bei allen weiteren durchgefiihrten motorischen
Untersuchungen zu Studienbeginn dhnliche Leistungen und keiner dieser Tests
zeigte signifikante Behandlungseffekte. Die selbst eingeschatzte Gehfahigkeit,
die anhand des MSWS12 gemessen wurde, zeigte zu Beginn der Studie eine
méalige Beeintrachtigung, die sich im Verlauf der Studie nicht wesentlich
veranderte. Auch der EDSS zeigte sich im Verlauf des Trainings unverandert.
Anhand des HALEMS konnten wir eine Verbesserung in der IG im Vergleich
zur CG erkennen, obgleich die Veranderung wiederum gering war (0,1 Punkte
in der I1G und 0 Punkte in der CG, p=0,045, ANCOVA) und in den Subskalen
nicht nachgewiesen werden konnte. Eine Verbesserung zeigte sich im BDI,
obwohl es sich dabei nur um einen Trend handelte (ANCOVA p = 0,091). Im
FSMC sahen wir keine Anderung im Verlauf der Studie. Auch im FAI zeigte
sich keine relevante Anderung wihrend des Studienzeitraums.

Die Messungen des verbalen Lernens, der Informationsverarbeitung und des
Gedéachtnisses, des raumlichen Lernens sowie der Aufmerksamkeit blieben
wéhrend des gesamten Studienzeitraums stabil.

In der Spiroergometrie zeigte sich ein Trend bezliglich der Abnahme der
VO2peak/kg in der CG und eine Zunahme in der 1G. Passend hierzu nahm die
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maximale Leistung der Patienten in der IG um 3,5 W zu, wohingegen sie in der
CG um 3,7 W sank (ANCOVA, p =0.021).

Langfristige Nachbefragung der Teilnehmer

In einer telefonischen Befragung ein bis zwei Jahre nach der urspringlichen
Studie wurden die Patienten zu ihrem Aktivitatsniveau vor und nach der Studie
befragt. Von 17 Patienten, die in der IG teilggnommen hatten, konnten 16
Patienten (94%) kontaktiert werden. Auf Grundlage der angewendeten Drei-
Punkte-Likert-Skala gingen die Teilnehmer der IG von einem nicht regelmaRig
aktiven Niveau (Mittelwert 2,1, SD 0,8) zu einem regelmaRig aktiven Niveau
(Mittelwert 2,7, SD 0,6) Gber. Um weiterhin aktiv zu sein, hétten sich alle 16
Befragten nach der Studie eine telefonische Rickmeldung gewiinscht. Neun
Teilnehmer gaben auf Nachfrage an, dass sie eine webbasierte interaktive
Plattform als hilfreich erachtet hatten. Zudem gaben die Teilnehmer an, die
Studie ebenfalls anderen Betroffenen zu empfehlen.
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Diskussion

Obwohl ein Grofteil der Patienten mit progredienter MS erhebliche
Einschrankungen bei Ausdauertibungen mit den Beinen aufweisen, wurde ein
aerobes Armtraining bei diesen Patienten bisher nur in begrenztem Umfang
untersucht. Auf der Grundlage einer friiheren Studie (Briken et al., 2014), haben
wir eine Pilotstudie zur Armergometrie bei Patienten mit progredienter MS als
heimbasiertes Training durchgefiihrt. Diese Studie zeigte, dass ein
hochfrequentes Training zu Hause Uber drei Monate mit einer betréchtlichen
Anzahl von 67 Sitzungen durchfihrbar ist. Zu erwéhnen ist, dass an dieser
Studie eine Kohorte von Patienten mit MS mit einem mittleren EDSS von 5,5
teilnahm. Da wir Patienten mit einem EDSS von bis zu 6,5 einbezogen haben,
konnte eine fortgeschrittenere Behinderung bei einigen Patienten dazu
beigetragen haben, dass insgesamt kein Behandlungseffekt nachweisbar war.

Allerdings hat unsere Studie ihren primaren Endpunkt verfehlt. Wéhrend die
meisten sekundaren Endpunkte ebenfalls keine signifikanten
Behandlungseffekte zeigten, beobachteten wir eine Zunahme der maximalen
Leistung (Pmax) der Teilnehmer in der IG. Dieser Effekt war zwar gering,
spiegelte aber die Ergebnisse unserer friiheren Studie wider (Briken et al., 2014).
Da sich gezeigt hat, dass ein intensives Training bei Menschen mit
fortgeschrittener Behinderung nicht nur durchfihrbar ist, sondern auch starkere
Effekte zeigt als ein aerobes Standardtraining (Campbell et al., 2018), kénnte
sogar eine hohere Trainingsbelastung machbar sein. Obwonhl die Teilnehmer
unserer Studie mit einem Chipkarten-Trainingsprogramm selbststéandig
trainierten, war ein erheblicher Anteil an telefonischer Betreuung notwendig, um
die Patienten motiviert zu halten und etliche Fragen zu den Trainingsplanen oder
des Geréts zu beantworten. Zudem gestaltete sich die Trainingsdokumentation
bei einigen Patienten schwierig.

Insgesamt sollte also ein langerer Trainingszeitraum und idealerweise auch eine
groRere Intensitat gewahlt werden. Die Supervision der Patienten sollte tber
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einen engmaschigen Kontakt gewéhrleistet sein, insbesondere in der
Anfangsphase des Trainings.

Da einige Patienten eine Aufteilung der taglichen Trainingseinheiten vornahmen
und in mehreren, aber dafur kiirzeren Einheiten trainierte, konnte auch dies dazu
beigetragen haben, dass sich kein relevanter Trainingseffekt zeigte.

Obwonhl die Idee zur Durchfiihrung einer Armergometrie-Studie durch unsere
fruhere Studie (Briken et al., 2014) gerechtfertigt war, war das heimbasierte
Training in unserer Studie bislang nicht erprobt. Allerdings zeigen die Daten
eine plausible Adharenz.

Unsere Studienkohorte war mit insgesamt 53 Patienten eher klein und die
Ausgangsdaten von 6MWT, 25FWT und EDSS deuteten auf eine
eingeschranktere Mobilitat in der 1G hin, was einen moglichen Effekt durch
Intervention verhindert haben kdnnte. Mdglichweise hétte eine langere
Studiendauer zu starkeren Effekten gefiihrt. In der Nachbefragung gaben die
Teilnehmer der IG an, durch die Studie aktiver geworden zu sein und diese
ebenfalls weiterempfehlen wiirden. Die meisten Studien zu
Bewegungsinterventionen bei progredienter MS werden zudem in einem zeitlich
befristeten Rehabilitations- oder ambulanten Rahmen durchgefiihrt und sind
nicht in den Alltag der Patienten integriert. Daher denken wir, dass insgesamt
langere Zeitraume erforderlich sind, um zu zeigen, ob Bewegung das
Fortschreiten der Krankheit verlangsamt oder sogar die Fitness und
Funktionsfahigkeit verbessern kann. Ein Trainingskonzept bei progredienter MS
sollte auf eine lebenslange Umsetzung abzielen, die je nach Krankheitsaktivitat
angepasst werden sollte.
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Zusammenfassung
Zusammenfassung in deutscher Sprache

Fragestellung: Als eines der hdufigsten und als sehr belastendes Symptom im
Rahmen der chronischen MS gilt die Einschrankung der Mobilitat. Eine kirzlich
durchgefuihrte Studie zeigte, dass Armtraining die Gehféhigkeit der Patienten
verbessern konnte, sodass wir dies als Ansatz zur Durchfiihrung dieser Studie

nahmen.

Methodik: Nach Randomisierung der Patienten, die an einer chronischen MS
leiden (EDSS von 4,0 bis 6,5) in eine IG oder CG erfolgte ein heimbasiertes
Training am Armergometer tber insgesamt 12 Wochen. Als priméren Endpunkt

legten wir die zurtickgelegte Strecke im 6MWT fest.

Ergebnisse: 39 Patienten fiihrten die Studie vollstandig durch. Im
Ausgangspunkt wiesen die Teilnehmer der IG sowie der CG vergleichbare
demographische Parameter auf. Die IG trainierte mit durchschnittlich 67 (SD
26,4) Trainingseinheiten. Der primare Endpunkt unserer Studie, der 6MWT,
wurde leider verfehlt. Es zeigte sich eine Zunahme im 6MWT bei der IG um
18,2 m und in der CG um 7,2 m (p=0,604). In den weiteren Untersuchungen der
Mobilitat sowie den neuropsychologischen Untersuchungen zeigten sich keine

signifikanten Anderungen.

Diskussion: Insgesamt deutet unsere Pilotstudie darauf hin, dass ein hausliches
Training bei progredienter MS durchfiihrbar ist, aber die Anforderungen in
Bezug auf die Trainingsintensitat und die Gesamtdauer der Studie zu gering zu
sein scheinen, um eine mogliche positive Auswirkung des Armtrainings auf die
Mobilitat und kognitive Leistung darzustellen. Wir sind der Meinung, dass
nachfolgende Studien (ber einen ldngeren Zeitraum sowie unter enger

Trainingsbegleitung stattfinden sollten.
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Zusammenfassung in englischer Sprache

Background: Walking disability is one of the most common and burdening
symptoms in progressive MS. A recent study showed that arm ergometry could

also improve walking performance.

Methods: After randomization of patients with progressive MS (EDSS between
4.0 and 6.5) into an IG or CG, home based training on the arm ergometer was
carried out over 12 weeks. The primary endpoint was maximum walking
distance measured by the 6MWT.

Results: 39 patients completed the study. At the beginning the participants of the
IG and the CG had comparable demographic parameters, the mean EDSS was
5.5 (SD 0.9). The IG trained with an average of 67 (SD 26.4) training sessions.
Unfortunately, the primary endpoint of our study (6MWT) was missed. There
was an increase in the 6MWT of 18.2m in the IG and 7.2m in the CG (p=0.604).
Likewise, no significant changes were found in the further investigations of

mobility and cognitive functions.

Discussion: Overall, our pilot study suggests that a home-based training in
progressive MS is feasible, but the current format seems too weak in exercise
intensity and total duration to justify any valid conclusion on the effect of
especially arm aerobic exercise on mobility and cognitive function in
progressive MS. Follow-up studies should take place over a longer period of

time and with supervision.
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