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Abstract

Objective: To determine the effects of Exergaming on qualitiife (QoL), motor, and clinical
symptoms in sub-acute stroke patients.

Design: A pseudo randomized clinical trial, using a befafter test design.

Settings: University hospital setting.

Participants: Of 3,857 sub-acute, ischenstroke outpatients, 680 were randomized and 641
completed the study.

Interventions: We determined the effects of 5x/week twice (EX2sB6sions, n=286) and once
daily (EX1, 25 sessions, n=272) Exergaming and ilensity standard care (CON, 25 sessions,
n=83) on clinical, mobility, blood pressure (BP)daQolL outcomes.

Main Outcome M easures. The primary outcome: Modified Rankin Scale (mMR®c&dary
outcomes: Activities of daily living (ADL), five g®cts of health-related QoL(EQ-5D), Beck
Depression Inventory (BDI), six-minute walk tesi@/T), Berg Balance Scale (BBS) and static
balance (center of pressure, COP).

Results: During exercise, peak heart rate was 134, 134186c- mif' in EX2, EX1, and CON.
MRS improved similarly in EX2 (-1.8, effect sizes-d.0) and EX1 (-1.4, d=-2.6) but more than
in CON (-0.7, d=-0.6). QoL, Barthel index, Bergdmate scale, six-minute walk test, and
standing posturography improved in a pattern of BX21=CON. Systolic and diastolic rBP
decreased more in EX2 and EX1 than CON. The inteiwe effects did no differ between males
(n=349) and females (n=292).

Conclusion: Twice daily compared with once daily high-integdixergaming or once-daily
lower intensity standard care produced superi@cé$fon clinical and motor symptoms, BP, and

QoL in male and female sub-acute ischemic strokecgzants.
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Abbreviations

ADL, activities of daily living

ANOVA, analysis of variance

BBS, Berg balance scale

Bl, Barthel index

BDI, Beck depression inventory

BMI, body mass index

BP, blood pressure

CON, control group, receiving one standard physitaitapy session daily, 5 days per week for 5
weeks (25 sessions)

COP, centre of pressure

DBP, diastolic blood pressure

EEG, electroencephalography

EQ5-VAS, 100 mm visual analogue measure of healdted quality of life
EQ-5D, EuroQol questionnaire, measuring healthtedlguality of life

EX2, Two Exergaming sessions daily, 5 days per week weeks (40 sessions)
EX1, One Exergaming session daily, 5 days per i@ek weeks (20 sessions)
F, female gender

HR, heart rate

M, male gender

MMSE, mini mental state examination
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MRS, modified Rankin Scale

MS, multiple sclerosis

NEO, COP path while standing in a narrow stanch eytes open
NEC, COP path while standing in a narrow stancé ej§es closed
PD, Parkinson’s disease

PwS, People with Stroke

pn?, partial eta squared

rBP, resting blood pressure

rDBP, resting diastolic blood pressure

rHR, resting heart rate

RPE, rate of perceived exertion

rSBP, resting systolic blood pressure

6MWT, six minute walk test

SBP, systolic blood pressure

SD, standard deviation

SPSS, Statistical Package for the Social Sciences

WEO, COP path while standing in a wide stance ejyths open

WEC, COP path while standing in a wide stance ejtbs closed
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While stroke incidence and mortality in Westerndpean countries have been declining, in
Central-Eastern Europe these rates are still isgrgq1). In 2009, the incidence of stroke was
43.3/10,000 people in Hungary, twice the rateatyland Finland. The high incidence produces
10% of all deaths and high disability-adjusted-fisars (DALY) scores (2). Even though policy-
makers recognize the importance of prevention ireliging countries, most of these efforts are
ineffective, leaving people with stroke (PwS) witle next best option: reducing symptoms and

risks for recurrent strokes.

Recommendations for sub-acute stroke participaxisicise rehabilitation advise therapists
toward moderate intensity exercise (3,4). Recemids, however, emphasize exercise intensity
in the rehabilitation of a number of patient groupsluding Parkinson’s disease (PD) (5,6),
multiple sclerosis (7), spinal cord injury (8), astdoke (9,10) and also after ischemic heart
attacks (11). Heart rates (HR) above 60% of agdiped maximum and rates of perceived
exertion (RPE) over 15/20 denote high exercisensitg. Another marker of high exercise
intensity is frequency, i.e., consecutive dailyss@ss or even multiple sessions within a day
(12). This latter paradigm has not been systenibtiessted in the rehabilitation of PwS. There
is also considerable debate whether exercise gpecifot specific to mobility impairments
should be used in sub-acute stroke participanksibifitation and to what extent technology
should be incorporated (3,13-17). Indeed, impiidigarning and re-learning stepping and
balance sequences in a technology-aided gamingosmvéent seems to accelerate neurological

patients’ exercise-based rehabilitation (17-20jwiite effects lasting for months in PD (21).
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Sex differences in the responsiveness to exerelsgbilitation in sub-acute stroke participants
are an understudied area due to small sample amzkdifferences in hormonal profiles, age, and
mortality between male and female PwS (22,23). difextiveness of physical exercise in
reducing risks for first and recurring strokes igher in males than females and the
responsiveness to exercise for improving clinicalctions after a stroke tends to be higher for

males than females (24,25).

The purpose of the present pseudo randomized alitrial was to determine and compare the
effects of an unusually high intensity and frequeBgergaming mobility rehabilitation program
on sub-acute stroke participants’ clinical symptpBR, mobility, and quality of life. Intensity
was set by HR and RPE and also by within-day sed$stgiuency. One group attended the
program twice daily for a total of 50 high-interysiéxergaming sessions. A second group
attended one high-intensity Exergaming sessiomagffor a total of 25 visits. A third group
received low-intensity standard care in 25 sessifeshypothesized that all programs would be
effective but based on favorable experience wiktleiopatient groups in terms of responsiveness
and adherence (5,13,14,21,26-28), we expectedartiecal response pattern according to

exercise intensity and frequency.

METHODS

Design and participants

This is an assessor-blinded, pre-post, pseudo naizéd clinical trial. Using a consecutive
selection from the hospital’'s medical records, araegist identified and examined participants

for admission to the study conducted during théopdirom September 2014 to September 2018.
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Patients admitted to the emergency departmentavstiispected stroke underwent a neurological
exam, which included the National Institutes of He&troke Scale. This examination helped to
determine, among others, the level of impairmemhability and sensory function (range: 6-21,

median: 16).

All participants were outpatients. Inclusion crigerFirst-ever ischemic stroke diagnosed by a
neurologist based on CT or MRI scans; time afterkst 2 to 4 weeks; mobility and postural
limitation determined by neurological exam, and@lified Rankin Scale (MRS) score?.
Exclusion criteria: A history of multiple strokesystolic resting blood pressure (BP) <120 or
>160 mm-Hg; orthostatic hypotension; carotid arstenosis; severe heart disease; hemophilia;
traumatic brain injury; seizure disorder; uncor@dldiabetesabnormal EEG; Mini Mental

State Examination (MMSE) score <22; an abnormabdblpanel; use of sedatives; irregular
medication schedule; serious aphasia (Western AgpBadtery,<25); serious visual or hearing
impairments; serious sensory dysfunction; seriatisopaedic problems; neurological conditions
affecting motor function (PD, multiple sclerosis )} multiple system atrophy, Guillain—Barré
syndrome); alcoholism; recreational drug use; smpkifter stroke diagnosis; inability to walk a
minimum of 100 m with or without a walking aid ixsninutes; Berg Balance Scale (BBS)
score<32; Barthel Index (BI) scorg70; inability to understand verbal instructiongpoompts

from a TV screen or current participation in a gktected or formal group exercise program

other than standard physical therapy.

Fig. 1 shows the flow of participants. Those wht ot consent to be randomly assigned to

Exergaming, were assigned to the control group (C@Nese individuals were motivated for
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and interested in receiving rehabilitation but wenevilling to be randomized. The remaining
participants were randomized to one session pe(kEdY) or two sessions per day (EX2) high-
intensity Exergaming. A physical therapist not ilweal in the trial performed the concealed
randomization by drawing a colored ribbon from sered box and attached one ribbon to each
patient folder. Before the start of the study paliticipants were enrolled in standard physical
therapy provided by government insurance. EX1 ax# &opped this care and CON continued
to receive this care. Participants gave writtenrimied consent and the Institutional Research

Ethics Committee approved the study protocol thed vegistered (NCT03736200).

Outcomes

Primary and secondary outcomes were measured kaidrafter the interventions by the same
certified physical therapists who were blindedrti@ivention allocation and were trained by the
primary investigator. The testing order was stadidad among participants and testing sessions.
Pretests and posttests were performed within 1 wé#ie intervention. Patients were instructed
not to drink caffeinated drinks 2h before measur@sier exercise. The primary outcome was
MRS, which measures independence in activitiesity iving (ADLs) and discriminates

among less severe levels of disability. mRS idiable and valid measure and is sensitive to

change over time. A change of one unit in MRS msmtered clinically meaningful (29-31).

Secondary outcomes addressed life domains. Thetseate reliable, valid, and are sensitive to
change over time in PwS. Bl measures ADL perforraai€-5D measures five aspects of
health-related QoL. The Beck Depression InventBiIf measures depression. BBS measures

fall risk. The six-minute walk test (6MWT) measufgsess and walking capacity. Therapists
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equipped with a stopwatch, administered this test50-m-long hallway that had wide tape
marks on the floor every 10 m and short, thin tayaeks every 2 m, within which the distance
walked was measured by a measuring tape to thestean as patients stopped at 6 min.
Patients were not verbally encouraged during teeltecause in our experience some patients
responded negatively to the stress associatedhdgtperformance demand by freezing and
becoming confused. Instructions were: ‘Walk asafayou safely can for 6 min. Stop only when
instructed at 6 min.” There were no falls or meteraergencies during this test. Static balance
was measured by the center of pressure (COP) patanding on a force platform in the
following order and conditions: 1) wide stance egpsn, 2) wide stance eyes closed, 3) narrow
stance eyes open, and 4) narrow stance eyes ¢tms2@s, one trial each (Posture Evaluation
Platform, MED-EVAL Ltd., Budapest, Hungary). RegtiHR (rHR, Polar model RS800CX HR
watch; Polar Electro Co. Ltd., Kempele, Finlandjl aasting BP (Omron M7 Intelli IT, OMRON
Healthcare UK Ltd., Milton Keynes, UK) were meaglne sitting 10 minutes before and after
each session and peak HR was measured during eacise session. In Visit 1 participants
became familiar with Exergaming by watching andgrening modules and completed

guestionnaires. Visit 2 included the measurement®dy height and mass, COP, and 6MWT.

Interventions

EX2 exercised twice daily at 8.00-9.00h and 14.8®Qh. The 1-h-long sessions comprised 5
minutes of warm-up, 25 minutes of Exergaming, 2Butes of agility training, and 5 minutes of
cool-down. The intervention consisted of 5 conseewgessions per week for 5 consecutive
weeks, i.e., 50 sessions for EX2 and 25 sessiarisXa in the hospital’s outpatient physical

therapy gym. In EX2 and EX1 exercise intensity wseisin each session to a rate of perceived
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exertion (RPE) of 14-16/20. RPE was also recorddd®N. EX1 and EX2 performed the same

program except that EX2 performed it twice per day.

Two physical therapists, who did not perform theeasments, delivered the interventions for
groups of 6-8 participants who exercised barefoaait gym mats. Warm-up included spinal
mobilization, stabilizing exercises, and steppiatigrns, and gait variations. Exergaming used
three modules of the Xbox 360 core system. Reflieig&prompts users to reflexively respond
to visual stimuli. Space Pop prompts performengézh targets with the extremities and the
entire body to improve spatial orientation. Jush@aprompts users to generate and combine
movement sequences, illustrated previously by vidigs (5). The agility component included
the manipulation and transport of hand-held sensig, weighted bars, fithess balls, and
Pilates equipment. These routines require attengpecutive function, and high speed of
cognitive processing of oncoming visual and augtitares, affording a high cognitive load. The
program also provides a strong neuromuscular stisndiie to ever-changing sensory
environment (soft/hard surfaces, weighted/unwemintgplements, slow/fast movement
execution, reactive/self-initiated responses tasgu@ool-down included walking and breathing
exercises. CON received government-prescribed atdrahre, which includes daily 30 minutes
of group exercises in sitting and 30 minutes ofvirailal physical therapy using walking and
balance exercises at local clinics. Exercisestiimgitarget upper extremity and trunk muscle
strength by lifting, lowering, and rotating medieiballs and end-weighted sticks. Exercise in
standing targeted lower extremity function, inchgistepping variations (forward, backward,
diagonally while standing on one leg), weight shdt coordinative movements with arms while

walking with and without various sensory implemestyuatting movements with arm support
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on chairback to strengthen the lower extremity e mechanism. After the exercise sessions,
every participant in each group received 20 minafesedical massage of the lower extremities.
We asked participants to record their symptomslogdhat was checked by therapists daily and

not to change their diet, medication, or physicaivéty habits for the duration of this study.

Statistical analyses

Data are expressed as mean +SD. Variables wer&eghéar normal distribution with the
Shapiro—Wilk test. We compared EX2, EX1, and CONaaeline using a one-way parametric or
a Kruskal-Wallis ANOVA. We interpreted Group (EX2X1, CON) by Sex (males, females)
interactions on the post minus pre absolute changees as a Group by Sex by Time interaction.
We used Tukey’s post-hoc contrast to identify theans that were different at p<0.05. The
effect sizes for Group, Sex, and Group by Sex effeere characterized by partial eta squared
(pn®). We used Cohen’s within group effect size, d (§Ma20; moderate: 0.50; large: 0.80), to
determine the size of the effects over time. ThérHoethod was used to correct for family-

wise error.

RESULTS

Participant characteristics

Table 1 shows the frequency, medical, and co-mdyhilhta for the 349 male and 292 female
(n=641) PwS enrolled in the study 2.9 (£0.75) wesfksr an ischemic stroke. In both sexes,
~50% or 326 strokes occurred in the left hemispHetlwed by a stroke in the cerebellum,
brainstem, or the right hemisphere. No particigeat more than two of the 23 most common co-

morbidities of which of hypertension (27%), ischerheart disease (19%), and atherosclerosis
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(10%) occurred at the highest rates. 54% of maldd@males smoked and ~32% of participants
consumed 1-3 drinks per day. 93% of participan& toedications. A similar proportion of
participants in each group took antihypertensiwegdyincluding thiazide diuretics (38-45%),
calcium channel blockers (15-20%), angiotensin-eoting enzyme inhibitors (10-15%),
angiotensin receptor blockers (10-15%), or recep@githerapy by taking three or more drug

classes (18-22%). The type and frequency of othegdparticipants took were not available.

Intervention effects

Groups and sexes were similar at baseline (TabléH2) 1.8 points (+0.81; d=4.0) and 1.4 points
(x0.95; d=2.6) improvements in MRS in EX2 and EdEkpectively, did not differ but exceeded
the -0.7 points (x0.73; d=0.6) change in CON (Grmain effect: p<0.001, Table 3, Fig. 2).
Except for body weight, sex did not affect the méntion-induced changes. Males lost more
weight (-6.0% 8.69, d=-1.1) than females (1.3%949d=0.20) but males vs. females lost more
weight in EX1 (males: -6.5% £8.54 vs. females: 249692) and CON (males: -5.9% +10.53 vs.
females: 11.5% +14.94) compared with EX2 (maledarsales: n.s.). Improvements in Bl
differed (p<0.001) among groups (EX2: d=5.6, EX32®, CON: d=1.2). EQ5-VAS (but not
EQ5-Sum) improved in EX2 (d=1.6) more (p<0.05) tira&kX1 (d=0.8) or CON (d=0.7).
Improvements in BBS differed (p<0.001) among gro{p$2: d=2.2, EX1: d=1.4, CON:

d=1.2). Improvements in 6MWT differed (p<0.001) armg@roups (EX2: d=2.9, EX1: d=2.7,
CON: d=1.6). The COP path revealed a uniform Groagn effect in WEO, WEC, NEO, and
NEC (all p<0.018): in these four measures combined EX2 shedt€@OP path (d range: -1.2 to -

2.4) more than EX1 and CON. No changes occurrddNISE, DBI, and EQ5-SUM.
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Intervention effects on HR, BP, and RPE

Sex did not affect any of the changes. The redelsw are presented for data pooled across 25
days. rHR increased (p<0.003%0.11) in each group (d=1.2 to 2.2) but more in BX2 EX1
vs. CON (Table 4). rSBP decreased (d=0.8 to 2.4)ligroups (p=0.001,115=0.41) but more in
EX2 and EX1 than CON. In EX2, from before Sessida &fter Session 2, the total reduction in
rSBP was 4.2 mm-Hg (p=0.001, d=2.6) or 3.2% (+4.M3BP decreased (d=1.3 to 3.7) in all
three groups (p=0.0015f=0.63) but more in EX2 and EX1 than CON. In EX®nfrbefore
Session 1 to after Session 2, the total reductioDBP was 5.8 mm-Hg (p=0.001, d=3.2) or
5.8% (+6.08). Peak HR during exercise was lowed(@&1; p>=0.48) in CON than EX2 and
EX1. RPE during exercise was lower (p=0.00§’50.96) in CON than EX2 and EX1. Peak HR

and RPE did not differ between EX2 and EX1.

DISCUSSION

We compared the effects of high intensity and fezapy agility Exergaming and lower intensity
standard care programs on clinical symptoms, nmgpBP, and QoL in PwS. Due to an
ischemic stroke ~3 weeks earlier, PwS (n=641) kxadiet walking limitations but completed

all sessions without adverse events. The preponderaf evidence supported the hypothesis:
Twice daily compared with once daily high-intendibyergaming or once-daily lower intensity
standard care produced superior effects on cligodlmotor symptoms, BP, and QoL in male
and female sub-acute ischemic stroke participdigs(2, Tables 3,4, Supplemental Digital

Content S1).

Primary outcome
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We included sub-acute (2 to 4 weeks after strakatead of chronic PwS who have greater
potential for responsiveness to exercise therapg.3I[4 mRS and 56.1 Bl score at baseline
indicated that participants had moderately sevéde-8pecific disability (Table 1). However,
walking disability was severe because the ~182n64a¥distance over 6 minutes is the shortest
among age- and sex-similar PD (232m) and MS pati@#0m), older adults with mobility
disability (334m), and healthy older adults (52948,14,26). Despite sub-acute status, severity
of disability, and moderate hypertension (Tablerzgnsive and frequent exercise proved to be

an effective therapy option for these subacute B2%

Improvements of 1.8 (EX2) and 1.4 (EX1, Table 3)nRS, the primary outcome, exceeded the
clinically meaningful change of one unit irrespeetbdf sex (29-31). Against expectations these
changes in mRS were the only improvements thahadidliffer between the twice vs. once-daily
interventions. Perhaps the sensitivity of mRS hesilang at once-weekly training or a total of
25 sessions (29-31). Only a handful of studies lexanined the effects of high intensity
exercise on mRS in sub-acute PwS but the gaindyaereed were much greater. For example,
Exergaming plus standard therapy (n=100) compartddstandard therapy (n=100) for seven
consecutive days for 1h/day improved mRS by 0.5&\23, respectively in sub-acute PwS who
suffered a stroke 7 days earlier (33). Likewisghtintensity physical exercise 48h after a stroke
(n=86) improved mRS at 3 months follow-up more teandard (n=80) or very early
mobilization 24h after a stroke (n=82) (34). Theéadsuggest that high intensity exercise therapy
especially with an Exergaming element is effecfor@mproving ADL independence in sub-
acute PwS but such improvements can be especadigide if therapy is administered twice

daily (Table 3). The intervention effects in thegent study could be also greater than in
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previous studies because in those the time aftdrgimoke was 1-7 days, whereas we started the
intervention 3 weeks post-stroke on average. Wadao evidence for the responsiveness to

exercise in terms of rMS being higher in males tteamnales (24,25).

Secondary outcomes

Secondary outcomes addressed life domains, whidgm@doved by a clinically meaningful
margin in the expected hierarchical response pa#tecording to exercise intensity and
frequency (Fig. 2, Table 3). Bl measures the peeckability to perform ADLs, which improved
by 8-9 points, strongly favouring exercise inteysibhd frequency vs. standard care. The
improvements in 6MWT were particularly impressiwzause PwS in EX2 walked ~125m
longer distance than at baseline. This gain wadyh&eice -ef the gain in the lower frequency
(EX1) and intensity (CON) groups (Table 3). Thelsarnges are substantially greater than the
highest change of 37m reported in a meta-analgticew of four studies also using high-
intensity but not twice-daily training (32). Thepnovements in Bl, BBS, 6MWT, and standing
balance were paralleled by changes in EQ5-VAS,ymglthat participants perceived an
increase in their QoL due to being more effectivexecuting ADLs, lower likelihood of a fall,
greater walking ability and fitness, and highendiag stability. The changes contrast with a
lack of reductions in depression, which might hbeen too low at baseline to reflect

improvements from exercise.

Participants had Stage 1 hypertension (130/89mmwiitg)a somewhat elevated rHR (86 b-min
! Table 2). As expected, rHR was about 10 b”neilevated 10min after exercise but SBP and

especially DBP decreased 10min after exercise. Mopertantly, rBP chronically decreased by
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up to ~4 to 6 mm-Hg in EX2. The acute reduction®BiR are related to the postexercise
hypotension, which can last up to 24h after an@sgerbout in PwS (35). Because SBP at the
start of the 28 session was ~5 mm-Hg lower than at the starteoE%k2 program (131mm-Hg,
Supplemental Digital Content S1), the exercise ogafforded an anti-hypertension benefit,
which is most likely due to a reduction in peripddeesistance (35). Such reductions in rBP
pressure are known to reduce risks for a recursehemic event. Our data are in clear support
of recent recommendations for prescribing vigormtensity exercise for hypertensive adults

(35).

Exercise intensity

A novel element of the present study was the useioé-daily exercise sessions. Our rationale
was that most PwS in the early, sub-acute phasscofiery responds well to exercise stimuli.
The ensuing adaptations induce brain plasticity dose-dependent manner that last beyond the
immediate training period and underlie motor recg\{86). The unusual twice-daily paradigm
does indeed go against recent recommendationgxaonple, a meta-regression of exercise
frequency revealed that high frequency was act@a$pciated with a reduced effect on a
number of outcomes in PwS (37). The conceptuaklasiusing low vs. high exercise frequency
for sub-acute PwS’s mobility treatment is that gxai$ need to rest for neuroplasticity to emerge,
allowing them to learn new and re-learn impairedsements (37). However, we did not observe
any signs that the high exercise frequency andsitie (Table 4) would have interfered with
clinical or motor adaptations. Just the opposités of 6 outcomes EX2 improved the most
compared with EX1 and CON. In addition, neurolobatients are physically so deconditioned

that PwS adapt rapidly to the high-intensity stinsiwhich in fact facilitates motor learning
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even if the conditioning stimulus is not specificat given motor deficit (3,13-17). This could be
the reason for uniform increases across the outsdiable 3). However, we point out that there
is also evidence in support of low intensity exeedbeing effective to improve gait and balance

in PwWS, increasing participants’ treatment opti(88).

Limitations

While stroke prevalence is highest among older fesgyaho are underrepresented in exercise
trials, we also were unable to include such Pw&ck of difference between groups in the
outcomes at baseline dampens the severity ofrfitation that the study was a pseudo and not a
fully randomized trial, which could bias the resuttr CON. We did not control physical activity
and diet. Indeed, males were 7 kg heavier thanlesva baseline (Table 1). While males lost ~5
kg, females were weight-stable or gained weightoup7kg (Table 3), implying an interaction
between diet or physical activity or both and $&xS often present with fatigue but we did not
measure it (3). While the 95% adherence and 5%oditapake high exercise intensity feasible,
therapists delivered exercise sessions in a hosaadity. Many PwS have no access to such
facilities, a setting that counters trends to redeare costs by having PwS exercise at home.
However, the efficacy of high intensity rehabilitat of sub-acute PwS at home is uncertain (10).
Assessors were blinded to participants’ group assent but we did not assess if the blinding
was maintained and assessments remained unbiagedntlear if the current paradigm is
feasible in a home setting using remote monitoand off-the-shelf technology. Without neural,
biomechanical or behavioral markers, we were untbtketermine the mechanisms of

improvements in clinical and motor symptoms.
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368 Conclusions

369 Twice-daily compared with once-daily high-intendityergaming or once-daily lower intensity
370 standard care produced superior effects on climindlmotor symptoms, BP, and QoL in male
371 and female sub-acute stroke participants.
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Figure 1. Flow of participants.

Figure 2. Improvements in primary (mRS, modifiechkia Score, shaded gray) and secondary
outcomes after twice-daily Exergaming (50 sessi&X2), once-daily Exergaming (25 sessions,
EX1), and once-daily standard care physical the(@pysessions, CON) on 5 consecutive days
for 5 consecutive weeks. (Bl, Barthel Index; EQ58/Aealth-related quality of life visual
analogue scale; BBS, Berg Balance Scale; 6MWTpnsiute walk test; COP, center of pressure
path). In each outcome the changes in the thragpgreere significantly different from one

another (p<0.05).

Supplemental Digital Content S1. Resting systdioot pressure before (filled symbols) and
after (open symbols) Sessions 1 (A) and 2 (B) asdirg diastolic blood pressure before and

after Sessions 1 (C) and 2 (D) in the twice dadgilgaming (EX2) group (n = 283)
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- Participants ~3 weeks after an ischemic stroke were able to exercise at a high intensity twice
aday for 25 consecutive days without adverse events

- Clinical symptoms, blood pressure, motor function, and quality of life improved most after
high intensity twice-daily vs. high intensity once-daily virtual reality training or low intensity
standard care

- Exercise prescription of acute ischemic stroke patients could include high intensity and high
frequency exercise aided by technology

- Future studies will examine how the feasibility of such rehabilitation programsin a home
environment supported by remote monitoring



Table 2. Group and sex comparisons at baseline.

EX2 EX1 CON All
Variable Sex Mean *SD Mean *SD Mean *SD Mes&SD
Age, y M 675 544 656 6.10 652 6.10 664 5.89
F 67.7 556 66.2 6.10 64.7 549 66.7 5.86
Both 67.6a 549 659 6.10 649 580 665 5.87
Height,tcm M 177.3 526 178.1 4.48 1779 423 174.81
F 169.2 410 170.0 4.00 169.8 2.96 169.6b 3.94
Both 173.6 6.25 1744 587 1743 550 174.0 6.00
Mass, kg M 76.6 817 773 756 773 841 77.0 7.93
F 720 693 704 788 640 6.68 703 7.72
Both 745 7.95 742 841 714 10.15 74.0 8.50
BMI, kg-m? M 244 276 244 230 244 241 244 252
F 252 278 244 288 222 238 245 293
Both 24.8 279 244 257 234 263 244 271
MMSE M 272 131 269 145 270 133 270 1.37
F 269 153 271 149 271 134 270 149
Both 27.1 141 270 147 270 133 270 143
HR, b-mint M 89.8 986 832 588 836 526 86.2 8.46
F 875 888 836 6.07 836 507 854 7.60
Both 88.7 9.47 834 596 836 515 858 8.08
SBP, mm-Hg M 131.6 886 1295 847 134.1 8.81 138.80
F 130.5 9.57 1278 6.32 131.6 897 1295 8.37



Both 131.1 9.19 128.7 7.61 133.0 891 130.3 8.64
DBP, mm-Hg M 875 684 884 7.70 905 7.40 883 37.3
F 895 795 89.0 836 946 6.08 90.0 8.09
Both 884 7.43 887 800 923 710 89.0 7.73
Bl M 56.1 8.01 556 867 583 652 56.2 8.14
F 56.4 8.11 550 8.87 573 8.05 559 844
Both 56.2 8.04 554 875 578 721 56.1 8.28
BDI M 122 3.03 124 280 120 3.06 122 293
F 129 293 126 282 127 260 127 284
Both 125 3.00 125 281 123 287 125 290
EQS5-VAS, M 63.6 942 650 951 608 947 638 9.53
mm F 63.6 943 641 9.64 66.0 6.11 641 9.17
Both 63.6 9.41 646 956 631 850 639 09.37
EQS5-Sum M 131 175 136 169 13.7 165 134 1.73
F 137 165 136 161 140 168 13.7 1.64
Both 134 174 136 165 138 166 135 1.70
BBS M 22.1 440 232 451 223 468 226 450
F 222 460 228 491 218 411 224 468
Both 222 4.49 23.0 469 221 442 225 458
6MWT, m M 179.9 48.50 183.1 48.05 171.2 55.37 18@9.26
F 188.5 43.91 181.2 45.41 185.1 43.60 185.0 44.49
Both 183.9 46.56 182.2 46.80 177.4 50.65 182.3 747.1

COP path, cm



WEO M 88 595 75 468 78 388 81 522

F 58 334 79 493 77 431 6.9 431

Both 74 514 77 479 78 405 76 4386

WEC M 104 525 80 419 95 6.03 92 506

F 64 414 86 446 79 593 75 464

Both 85 516 83 431 88 6.00 85 494

NEO M 92 581 84 537 84 472 87 549

F 83 540 87 451 97 644 86 520

Both 88 564 85 499 90 556 87 536

NEC M 11.0 601 96 536 10.2 6.29 103 5.80

F 10.0 6.15 10.6 599 100 4.26 10.3 5.86

Both 10.6 6.08 10.1 566 10.1 545 103 5.82

EX2, Two Exergaming sessions daily, 5 days per vieek weeks (50 sessions)

EX1, One Exergaming session daily, 5 days per vieek weeks (25 sessions)

CON, One standard physical therapy session daiygys per week for 5 weeks (25 sessions)
M, Males

F, Females

a, EX2 different from EX1 and CON

b, Males different from females

BMI, body mass index

MMSE, Mini-Mental State Examination (range: 0 tg B@yher is better)

Bl, Barthel Index (0 to 100, 0-20: total dependerid+60: severe dependency: 61-90: moderate



dependency, 91-99: slight dependency

BDI, Beck depression inventory (0-63, 0-7: norn&al2: mild depression; 13-17: moderate
depression; >18: severe depression.

EQ5-VAS, 100 mm visual analogue measure of healdited quality of life (higher score, a

better perceived quality of life)

EQ5-Sum, sum of the EuroQol questionnaire mobitiglf-care, usual activities,
pain/discomfort, and anxiety/depression subescadach scored 1-5 (worst-best), with 5 being
the best and 25 the worst score

BBS, Berg Balance Scale (0 to 20: high fall risk:40: medium fall risk; 41-56 (maximal
score) = low fall risk

6MWT, six-minute walk test

COP, centre of pressure, lower values denote \eag & cm

WEO, COP path while standing in a wide stance ejts open

WEC, COP path while standing in a wide stance ejtbs closed

NEO, COP path while standing in a narrow stanch eytes open

NEC, COP path while standing in a narrow stancé ejtes closed



Table 4. Changes in resting heart rate and bloesispre and peak heart rate and rate of

perceived exertion during exercise.

EX2 EX1 CON
Variable Session X +SD X +SD X +SD
Rest HR 1 10.5 858 107 837 35 7.79

2 94 889 NA NA NA NA

SBP 1 -3.6 1054 -19 1086 -25 12.53
2 -26 940 NA NA NA NA

DBP 1 -6.0 10.84 -6.1 11.29 -45 121
2 -29 10.09 NA° NA NA NA

Exercise HR 1 1339 7.58 133.6 8.35 126.2 7.53
2 1336 764 NA NA NA NA
RPE 1 153 156 152 153 95 158

2 150 155 NA NA NA NA

‘Session’ refers to an intervention session in egolup with a morning and an afternoon (i.e., 2)
sessions per day in EX2 and one session per da}1mand CON.

Values for the top, ‘Rest’ panel, are post-intetimnminus the pre-intervention values averaged
across the 25 days

Values for the bottom, ‘Exercise’ panel, are therage during 25 days of exercise

HR, hear rate, b-mih

SBP and DBP, systolic and diastolic blood pressure; Hg

RPE, rate of perceived exertion

NA, Not applicable because these groups complatedrstead two sessions of exercise
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Table 1. Frequency, medical, and co-morbidity dat®41 stroke participants.

EX2 EX1 CON All

Sex X,n #SD% X,n *SD,% X, 3% X,n *SD,%
Frequency, n M 154 149 46 349

F 132 123 37 292

M, F 286 272 83 641
Time after M 29 074 29 077 28 072 29 0.75
stroke, weeks F 28 074 29 076 31 061 29 407

M,F 28 074 29 077 29 070 29 0.75
RH stroke, n,% M 25 16 36 24 12 26 73 21
LH stroke, n,% M 78 51 74 50 22 48 174 50
Cerebellar, n,% M 42 27 34 23 9 20 85 24
Brainstem, n,% M 9 6 5 3 3 7 17 5

All 154 100 149 100 46 100 349
RH stroke, n,% F 21 16 22 18 6 16 49 17
LH stroke, n,% F 70 53 65 53 17 46 152 52

Cerebellar, n,% F 36 27 27 22 9 24 72 25

Brainstem, n,% F 5 4 9 7 5 14 19 7
All 132 100 123 100 37 100 292 100
RH stroke, n,% M, F 46 16 58 21 18 22 122 19
LH stroke, n,% M,F 148 52 139 51 39 a7 326 51
Cerebellar, n,% M,F 78 27 61 22 18 22 157 24
Brainstem, n,% M,F 14 5 14 5 8 10 36 6



Hypertension,

n, %

Ischemic heart

disease, n, %

Atherosclerosis,

n, %

mRS

Smoking,

n, %

Alcohol,

n, %

All 286

M 38
F 35
Both 73
M 31
F 20
Both 51
M 20
F 9
Both 29
F 3.4
M 3.4
Both 3.4
M 88
F 74
Both 162
M 53
F 40
Both 93

100

25

27

26

20

15

18

13

10

0.65

0.63

0.64

57

56

57

34

30

33

272

47

19

66

28

21

49

11

17

28

3.3

3.3

3.3

79

63

142

48

39

87

100

32

15

24

19

17

18

14

10

0.66

0.67

0.67

33

51

52

32

32

32

83

21

13

34

11

12

23

3.6

3.5

3.6

20

20

40

17

9

26

100

46

35

41

24

32

28

11

0.61

0.51

0.57

43

54

48

37

24

31

641

106

67

173

70

53

123

36

28

64

3.4

3.4

3.4

187

157

344

118

88

206

Values in the ‘X, n’ columns denote values as M@gror frequency (n)
Values in the ‘+SD, %’ columns denote values as&tad Deviation or percent

EX2, Two Exergaming sessions daily, 5 days per week weeks (50 sessions)

EX1, One Exergaming session daily, 5 days per i@ek weeks (25 sessions)

100

30

23

27

20

18

19

10

10

10

0.65

0.64

0.65

54

54

54

34

30

32



CON, One standard physical therapy session daiygys per week for 5 weeks (25 sessions)

M, Males

F, Females

RH, right hemisphere

LH, left hemisphere

MRS, Modified Rankin Scale, range: 0 (healthy) {d€ath)

Alcohol, 1-3 drinks per day



Table 3. Effects of interventions on outcomes.

EX2 EX1 CON All
Variable Mean +SD Mean +SD Mea®D Mean +SD  Group Sex
mRS M -18 079 -14 094 -0.8 074 -15 0.92 F355. n.s.
F -18 084 -14 09 -06 073 -15 095 p=0.001
Both -1.8 0.8la -14 095 -0.7 0.73 -1.5 0.937°$0.15
Mass, M -48 726 -55 740 -52 932 -52 7.60 1F% 127.8
kg F -20 370 10 6.08 6.7 841 04 6.17 p=0.001 0.001
Both -35 6.05 -26 756 0.1 10.68 -2.6 7.51n°90.04 0.17
Bl M 27.0 8.85 193 1222 109 7.02 216 11.61 FE897 n.s.
F 275 9.03 19.0 1259 9.6 9.01 21.7 12.25 p=0.001
Both 27.2 8.92 19.2 1237 10.3 7.94 216 11.912=O.24
EQ5, M 9.9 8.47 5.3 8.09 54 942 7.3 8.72 F=25.6 4.8
mm F 9.0 9.05 5.0 840 1.5 588 6.4 881 p3D.O 0.028*
Both 95 874 52 822 37 823 69 8.77n99.08 0.00
BBS M 7.3 6.28 4.7 593 21 3.53 55 6.10 F=32.4 S. n
F 6.3 6.25 4.4 6.71 3.7 541 5.2 6.42 p=0.001
Both 6.8 628 46 629 28 451 53 6.24n99.10
6MWT, M 117.3 77.71 108.9 78.74 61.8 60.93 106.40F8F=21.8 n.s.
m F 132.5 78.10 108.4 68.91 64.0 73.18 113.7 27p#0.001
Both 124.3 78.13 108.6 74.32 62.8 66.25 109.7 777p4°=0.14
WEO, M -24 6.07 -12 544 -0.1 658 -25 6.13 FE8l1 n.s.
cm  F 0.4 400 -14 581 -04 572 -05 511 peDd.o



Both -1.4 575 -1.3 560 -02 6.17 -16 5.77799.20
WEC, M  -48 684 -1.0 570 -13 6.06 -27 653 HB=4. ns.
cm F 04 440 -24 544 -02 574 -12 512 .p8

Both -28 6.23 -16 562 -08 591 -20 5.97n99.12
NEO, M  -32 633 -14 745 -04 588 -21 684 PR=4. ns.
cm F 25 544 -14 642 -15 752 -19 6.16 p%0.

Both -29 593 -14 699 -09 664 -20 6.53n%9.11
NEC, M -39 684 -18 664 -19 667 -28 679 P=7. ns.
cm F 45 621 -30 631 -16 566 -35 624 P80

Both -42 655 -24 651 -1.8 6.21 -3.1 6.551%0.22

Values are post minus pre mean £SD change scoedssolute units computed from individual
change scores

EX2, Two Exergaming sessions daily, 5 days per vieek weeks (50 sessions)

EX1, One Exergaming session daily, 5 days per vieek weeks (25 sessions)

CON, One standard physical therapy session daiygys per week for 5 weeks (25 sessions)
M, Males; F, Females

* Did not survive Holm correction for family wiserer (p=0.02 cut-off)

Footnote in Table 2 shows the key to other abbtievia



¢ SIS CNCE T O -~ Excluded, n=3,140
[ Screened for ehglblht}'? 1= 3,857 ] -Mot meetinginclusion criteria, n=1,345
r -Dedinedto participate, n=1,795
L 4
L PPN, P L, Fr o — 717 Excluded, n=37
[ Assessed for ellglblllt}_.ll 717 ] -Not meetinginclusion criteria, n=22
I = -Declinedto participate, n=15
v
[ Enrollment ]
‘ Willing to be randomized, n = 580 ‘ ‘ Unwilling to be randomized, n =100 ‘
L 4 l
[ Random allocation ] [ Control ]
L 4 4 l
‘ Exergaming 2x, n = 290 Exergaming 1x,n =290 ‘ Control,n=100 ‘
[ S-week intervention ]
—| Lost to follow-up Lost to follow-up Lost to follow-up
n=4 n=18%§ " n=17
k4 v
| Exergaming 2x, n= 286 ‘ Exergaming lx. n= 272 ‘ Control,n =83 ‘
[ Analysis ]
k4 v L 4

Analyzed, n =272 Analyzed, n = 83

Analyzed, n = 286 ‘
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