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Abstract
Objective Secondary vasculaisk reduction is critical to preventing recurrent stroke. We aimed to evaluate the
effect of exercise interventions on vascular risk factors and recurrent ischaemic events after stroke or transier
ischaemic attack (TIA).
Design Intervention systematicaview and meteanalysis.
Data sourcesOVID MEDLINE, PubMed, The Cochrane Library, Web of Science, The National Institute for Hea
and Care Excellence, TRIP Database, CINAHL, PsycINFO, SCOPUS, UK Clinical Trials Gateway and the China
Knowledgenfrastructure were searched from 1966 to October 2017.
Eligibility criteria’ Randomised controlled trials evaluating aerobic or resistance exercise interventions on
vascular risk factors and recurrent ischaemic events among patients with stroke or Tparedwith control.
Results Twenty studies (n=1031) were includeBlxercise interventions resulted in significant reductions in
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events with exercise, but was insufficientigwered.

Summary Exercise interventions can result in clinically meaningful blood pressure reductions, particularly if

initiated early and alongside education.



Introduction
Stroke is the second leading cause of death and adult digaBiliA}Eo A] U (( S]VP %o % E}AE]
individuals annually. Kv  Jv (JA % }%0 AZ} spu(( & «SE} 3§ ard]&vdl ¥0%Df tiig E o 3
E ulv E E o (85 (uv 3]}v 0oC *mnnual ditect &nd dijack dosks toaHJK are estimated

§ 200 Y00AJEZ 1}+8« }( !160 ]oo]FPWhese&Epatients icatly ave atherosclerotic disease and
classical vascular risk factors such as hypertension, diabetes, dyslipidemia, obesity and physical ithettavity;
also seen in patients with coronary heart disease (CHI»)e in four strokes are reaqent,® associated with
greater morbidity, mortality and economic consequericéisan primary stroke. Therefore, secondary stroke
prevention is paramount.

Evidence relatingto the secondary prevention of stroke hasvolved concentrating on pharmalogical
(antithrombotics® antihypertensives, lipid-lowering® and surgical (carotid endarter&mmy, stenting}*
interventions. The evidence base for npharmacological intervertins, particularly exercise, is less clear.
Physical inactivity is an ingdendent predictor of primary strok&. Despite this, only around a half of adults over
the age of 65 years in the UK meet nationally recommended levels of weekly physical activiG/u(lé } (
moderate intensity activity, eg, brisk walkingyand this declines further after stroke or transient ischaemic attack
(TIA)* There is overwhelming evidence that aerobic exercise and health education delivered as cardiat
rehabilitation, reducesblood pressure, rénfarction rates, cardiovascular and overall mortality among patients
with CHD" Cardiac rehabilitéon is now anestablished part of CHD managent, with the US and UK registry
data showing sustained improvements in physical actigC & (3§ E & ] @& Duelm]thes]}v>
similarties between coronary and cerebrovascular disease, risk factor management after stroke or TIA coul
benefit from aligning to a similar structure to that of CHD.
Physical fitness training afterreke is safe and improves walking speed and baldhtmwever, less attention
has been paid to whether exercise can reduce secondary vascular risk. A Cochrane review conducted in 2013
and systematic review in 203%nly included two randomised contrell trials (RCTs), thesults of which were
inconclwsive regarding the impact of exercise on secondary vascular risk. Since then, interest in this area h:
increased. This systematic review aims to evaluate the effect of exercise interventions on sec@sdaigr risk

factors (blood pressure, lipid profile, plasma fasting glucose and body mass index (BMI)) and risk of recurre



stroke.

Methods
This study was undertaken in accordance with the Preferred Reporting Items for Systematic Reviews and Met
Andyses guideliné* Operational defirtions were detailed prior to search initiation based recommendations

from the Cochrane Harmbok of Systeratic Reviews on Interventiorfs.

Selection criteria

We included studies evaluating adults (aged >18 years)hadosuffered a stroke (ischaemic or haemorrhagic) or
TIA according to the WHO definitiéhOnly RCTs assessing the effects of exercise or physical fitness interventions
compared with usual care or sham were included. Exercise therapy included -gesgdiatory (aimed at
improving fitness), resistance (aimed at improving muscle strength or endurance) or mixed components
/v EA v8]}ve § EBu Z &} ][ ]JvA}oA o0 E Ju 8} VZV %ZCe] o (
respiratory rate, for exaple, running, walking, circuits, cycling. Studies of physical therapy (therapies used to
promote, maintain or restore physal function, eg, walking, balance, etc), were only included if they involved
cardiorespiratory or resistance components. Only stadieporting on systolic blood pressure (SBP), diastolic
blood pressure (DBP), total cholesterol (TC)-dansity lipoprotein cholesterol (LBL), highdensity lipoprotein
cholesterol (HDIC), fasting glucose (FG), BMI or secondary cerebrovascular emdntaraiovascular death were

included.

Search strategy

Electronic databases search included OVID MEDLINE, PubMed, Web of Science, The Cochrane Library,
National Institute for Health and Care Excellence, TRIP Database, CINAHL, PsycINFO, SCORaS TiiHsClin
Gateway and the China National Knowledge Infrastructure, from 1966 to October 2017. Selected medical subje
headings were combined with free text terms relating to stroke (eg, cerebrovascular accident, cerebral infarction)
TIA (eg, transienischaemic attack, mirstroke), exercise (eg, physical activity, aerobic exercise) and secondary

prevention (eg, outcomes, vascular events, death, BP, lipid profiles, glucose, weight or BMI), to create a sear



strategy finalised for MEDLINE (see onbapplementary material)This was adjusted for use in other databases
using appropriate Boolean operators and search symbols. Chinese translations were used for Chinese databa:
(see onlinesupplementarymaterial) Reference lists of all relevant studies and systematic reviews were scanned

for additional potentially redvant studies. Our search did not extend to grey literature.

Study selection and data extraction

Two review authors (CW and ANA) independently eliminated duplicate and irrelevant studies from title and
abstract. Full texts of the remaining studies werdaied and critically reviewed by both authors independently
for inclusion. Both reviewers ingendently extracted data into a prepiloted spreadsheet. Data included
participant demographics, study setting and timeframe, intervention arms and their dessriphd outcome
measures. The Consensus on Exercise Reporting Template {GERT)sed to characterise the reporting of
exercise specifics (eg, equipment required, group vs individual, level of supervision, etc) (see onlin
supplementary material) Data required for metanalysis were collected, including mean differences and
associated SD between baseline and pin&rvention outcome assessments. Basic unit conversions for lipid and
glycaenic profiles were undertaken to ensure international system of units for analysis (see safipiementary
material) Discrepancies in study selection or data extraction were discussed byehv@ivers and adjudicated by

a third reviewer (MS).

Quality appraisal

All studies meeting inclusion criteria for the review were assessed independently by both reviewers (CW an
ANA) for risk of bias using a checklist developed by the Cochrane Catiabarstablishing bias attributable to
patient selection, randomisation, blinding, attrition and reportfigstudies at high risk of bias in one or more
domains were classed as high risk overall, while those with unclear information in any domain agsestl cs
moderate risk. Lowisk studies met lowisk criteria for each domain. Quality assessment of evidence for each
outcome measure that pooled data (SBP, DBP, TGCCLBIDIC, FG and BMI) was also undertaken using the
GRADE (Grading of RecommendatioAssessment, Development and Evaluations) appréath.initial grading
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concerns) about the risk of bias, inconsistency, indirectness, ingwacdr publication bias relating to combined

evidence for each outcome (see onlisigpplementary material)

Data analysis

A qualitative synthesis of study characteristics was undertakertistBtal analyses of outcome data were
performed using RevMan 5 (V.5.3 from the Cochrane Collaboration).-Metigses for continuous variables (SBP,
DBP, TC, LEL, HDIC, FG and BMI) used the mean difference and the SD of the mean difference, betweer
intervention and control groups. Not all trials reported changes in the SDisif@reention and posintervention.

In these instances, trial authors were contacted directly to request missing data, and where this was not possiblc
we used indirect methods taestimate missing valuédWe calculated the 12 statistic to assess statistical
heterogeneity’® A random effects model was applied due to anticipated heterogeneity in population (stroke
severity, TIA) and exercise interventions. For ramialysis of outcmes reported by 10 trials or more, we
assessed publication bias using tests by Egger’efmatl Begg and MazumdArin STATA statistical saftare
(V.14.0, StataCorp), although we acknowledge that funnel plot asymmetry can be due to reasons other tha
publication bias. Prespecified subgroup analyses were undertaken to estimate the effects of variables such e
inclusion of studies at high risk of bias, the effect of early (within 6 months) versus late (after 6 months) exercis
initiation, incorporationof health education and partipant type (TIA/nordisabling stroke vs severe stroke).

Further details on the complete statistical tests used are available in the online supplementary material.

Results
Following removal of duplicateU ii0668 |3 & ppntfiedl; fldm hich 39 fullext articles were retrieved
(figure 1).

After exclusions were applied, 20 RCTs were retained for review andanatgsis involving 1031 patients>°

Quiality appraisal

43739 44648 S0 gaven were at moderate risk of bfasnd three were at high

Ten studies were at low risk of bi&
risk of biad® *® *(table 1). GRADE assessment of the quality of evidence for eackamaigsed outcome ranged

from moderate to very low (see onlirmipplementary material)
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Study characteristics

Twenty selected RCTs reited 1031 patients from 10 codries, details of which are summarised in table 2.
Average ages of study participants ranged from 52 to 69 years. Sixteén ibvolved only patients who had
sufferedstroke 3 126 38440 42 4446 48150 5 included only patients with TFA* and two included both stroke and TtA.

*3 Eleven trials recruited patients to interventions within 6 morti&3® *“*4’and nineS E] o+ (3§ E BBu}vs.
4046 4850 of the index event. The majority of studies recruited only ambulant participants (with or without walking
aids), while five studies recruited patients with more severe stroR&** “*Five studies excluded patits on the
basis of cognitive impairmerit.®® *°** “Exercise interventions were compared with usual care in 12 stdoifés?

38 4012 4719 therapeutic activities in 4 studies (eg, standing and balance traiffii§f{® stretching in 3 studie®d 33*°

and an education programme in 1 stutl}Exercise interventions varied considerably as reported according to the
CERT (see onlirsupplementary material)Overall programme duration rangdtbm 6 weeks to 6 months and

A 10C (E <uv C }( = *e]}ve (E}u i 8} AU A]sZ Z » e+]}v &E VP]VP Jv uE
Jvd EA v3]}ve JVA}OA i?2i0Z}uEOC + ee]}ve % E A | ~u v A 10oC u]vpus
weekly % E}P E uu £ E ]- §]A18C & vP (E}u 01 8} iAIOU]JvX o0 A v e
exercise duration or intensity 32 3 37 39 40 40 5|y three did not include target heart rate chande$' “°Four
interventions included health edational®* " *® “*and only two involved any home programme contéht?
Studies reported poorly on qualifications of supsing health professionals, intervention fidelity and whether
exercise was delivered individually or in groups. All studies tegasutcome measures relevant to secondary
vascular risk, most commonly blood pressure (13 studies), with lipid profile, fasting glucose and BMI reported in «
least eight studies. One study reported on vascular events FafBso studies referred to theame intervention

and group of patients, but reported on different outcome measufe¥,thus were viewed as one study for

statistical purposes.

Quantitative synthesis (metanalysis)
Blood pressure

Data on SBP and DBP were pooled from 12 studies inglyitients (intervention n=305§,32 3437 39 40 43 47 48 50


https://dx.doi.org/10.1136/bjsports-2017-098903

Blood pressure data from one stuflydid not include measures of variability and was excluded from meta

analysis. There were significantly greater reductions in SBP with exercise intervesdrapared with controls

~>9XT1i0uu ,PU 690 / >0X606 8§} >iX6i0uu ,PU /TATI9V 'Z }( Al v W u

by Begg and Mazumdar (Pr>|z|=0.373) and Egger et al (P>|t|=0.226) suggested low risk for publication bias

There were signf v80C PE 5§ E & p §]}ve Jv W A]8Z £ E ]+ ]Jvs EA vi]}ve

,PU 6790 / >3X66 §} >iXid0uu ,PV 'Z }( Al v W o}A o A o ~(]JPuUCE

(12=68%) and evidence of publication bias (testBygg and Mazumdar Pr>|z|=0.047, test by Egger et al
WENSnAiIXiiiU 6A90 / >6X606 8§} >i1X06+X
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12=0%).31 32 35 36 47 48 50 Exclugsibone study at high risk of bias3535 did not significantly effect overall

results (see onlinsupplementary material)

Lipid profiles
Nine RCTs reported on total cholesterol (n=370 patieimi®rvention n = 185)385 42 43 45 46 49 50 (figure
4A). Pooled analysis showed significant overall reductions in total cholesteradxeitbise compared with control

~>IXT60uulol>tiXFOEY iXii0uulol>U /TA6I9U %AIXiAV 'Z }( Al v W

however disappeared with the exclusion of two studies that were at high risk ofBfas >1Xii uu}ol>U 8f

%).40to 0.14, onlinesupplementary material)

Levels of LDC have stronger correlations with risk of future stroke and are the main target ofldipeting

interventions>* Seven RCTs reporteh LDEC (n=303 patients; intervention n=181§° 42 * ¢ 49 figure 4B).

There was no effect of exet e }u% E A13Z }v8E}o ~>iX7160uu}ol>U 6/A90 / >iXt

GRADE of evidence: very low), except among interventions involving health education.


https://dx.doi.org/10.1136/bjsports-2017-098903
https://dx.doi.org/10.1136/bjsports-2017-098903

Higher levels of HBC have been associated with reduced risk of stroke among diverseatiopsf” Nine
RCTs reported on HEL (n=394 patients; intervention n=187§ 3% 42434449 Wigyre 4C). There was no effect of
£ E ]+ Iu% E Al8Z }v3E}o ~=iXid6Ouu}ol>U 890 / >iXii &} iXi60uu

low).

Fasthg blood glucose
Seven RCTs measured fasting glucose changes (n=364 patients; intervention*hZ138j.** *® *There was no
effect of exer ]+ }v ( *3]vP Pop }* Ju% E A]3Z }v3E}o ~>iXidOuu}lol>U ¢

heterogeneity 1242%; GRADE of evidence: moderate; figure 4D). Subgroup analyses did not alter these findings.

Body mass index
Eght RCTs (n=446 patients; intervention n=225) measured BMI at baseline andupitod > *° ***°*there was
no effect of exercise on BM }u% & A]3Z }v3E}o ~>idXKIREUINEFO®IPAuiU /TATTOV

evidence: moderate; figure 4E), nor any effects from subgroups.

Secondary vascular events

One study randomised 70 patients with noardioembolic stroke to a 2deek programme of exercise including

salt reduction and dietary education or to usual care with health educdtitinvas terminated early after results
showed significantly fewer hospitalisations or deaths secondary to stroke, myocardial infarction or periphera
ate ] o ] ¢ ]Jv §Z ]Jvs EA v3]}v PE}u% ~ ipes ,Z iXi6doU 8f90 / iXili

this trial also resulted in greater reductions in SBP, DBP and increased levels@f HDL

Adverse events

Three patients from the 20 RCTs swgfitradverse events. All adverse events were unrelated to the exercise
interventions (see online supplementary material). One ‘triséported benign ECG abnormalities on exercise

testing prior to exercise interventions, and one patient went on to have pgan@ous coronary intervention for



underlying CHD.

Discussion

Effect of exercise on vascular risk factors

Exercise interventions can lead to clinically meaningful reductions in SBP and DBP after stroke or TIA. Thi:
important because SBP and DBP mayebeally important predictors of secondary stroke ridkVhile exercise
causes immediate elevations in heart rate, cardiac output and peripheral vasodilatation through nitric oxide
release’* the longlasting effects that may mediate blood pressure redumtinclude enhanced endothelial
sensitivity to nitric oxide, a reduction in sympathetic tone and salt load, all ultimately reducing systemic vascula
resistance’”

Antihypertensive therapy reduces the risk of secondary stroke by 24% and myocardialdnfénct?1% when
compared with placebd® A recent metaanalysis of 10 RCTs evaluating antihypertensive therapy after stroke
«Z}A §Z 5382+« (( §«} PEE A]$8Z E p 8]}ve Jv AW }( AXiOuu ,P v
antihypertensive classe’ Thus, the blood pressure reductions associated with exercise interventions in our
meta- v 0Ce]s ~~ W &8XiOuu ,PU W iXAOuu ,Pe }u% E ( A}JpE oC A]5Z
effects of exercise may be additive to pharmacological intervenfton.example, a trial evaluating the effects of

an exercise programme in patients with drgpistant hypertension (patients already taking three
antihypertensives) revealed mean SBP and DBP reductions of 6 (x12) mm Hg and 3 (x7) mm Hg, respectivel
the exercise group compared with controls (p=0.83).

Exercise is associated with increased calorific expenditure, peripheral insulin seAS#ivityenhanced muscle
metabolism of cholesterdf Our analysis suggested that exercise may have beneficiatetieclipid profiles in
patients after stroke, although heterogeneity in these data means the results should be interpreted cautiously.
Exercise programmes initiated within 6 months after stroke or TIA had greater blood pressure reductions
compared with pogrammes initiated after 6 months. This may be because individuals are more likely to engage
A13Z Z AJ}ME u} J(] 8]}V *}}v (8 & ]Joov *¢ }u% E A]J3Z o 8 GEU }(8 v

as is evidenced for smoking cessation inteti@rs following myocardial infarctioff.Early intervention may be of



increased benefit after stroke and TIA as the risks of recurrence are highest within the first few ffonths.
However, significant reductions in SBP were still observed when interventters started later. Therefore,
promoting exercise, even in the chronic phase after stroke, may still lead to clinically important benefits. The
inclusion of a health education component alongside exercise interventions also appeared beneficial. Indeec
meta-analyses of education interventions targeting diet result in clinically meaningful in blood pressure and

lipids®3 ®%and may be an important part of a holistic secondary stroke prevention programme.

Secondary vascular events

One study reported on vastar outcomes, reporting that exercise participants were approximately 80% less likely
to suffer a vascular death or hospitation over a median followt % }( TX0 C E*X dZ EoC ]v]
postevent), long intervention duration (24 weeks), inclusion of salt reduction education and the use of activity
monitors (which may themselves improve overall levels of physictiVity’®) may have contributed to the

} o« EA (( 8]A vee v 8Z 0 EP & p 8]}ve ]Jv W ~iiXiOuu ,Pe v
including patients with noitardioembolic ischaemic stroke only, the investigators may have selected a group of
patients standing to benefit most from classical vascular risk reduction. Nevertheless, this was a small, singl
centre study and further research to establish the link between exercise and reduced secondary vascular even

remains a priority.

Future regarch

Another priority area for research relates to enhancing the uptake of exercise as an intervention. In the UK
despite the strong evidence base for cardiovascular mortality reduction with exdragss cardiac rehabilitation,

and its provision freelywithin the National Health Service, fewer than half of eligible patients take up the
intervention®® ®” This may be due to a number of factors such as multimorbidity, problems with-pamsand

poor social support® To extend the potential benéits of exercise, future research should evaluate facilitators
and barriers to participation in exercise interventions among patients with stroke, and the role of emerging
assistive technologies in enhancing intervention delivery, for example, smartphonbss, fitablet PCs. Future

trials should also include full descriptions of intervention characteristics (ie, following the CERT) so clinicians knc



which types and intensities of exercise should be prescribed in clinical practice.

Safety of exercise

Patientsand clinicians may have concerns about engaging in physical activity soon after stroke or TIA. Our resu
suggest that exercise interventions are safe to undertake in patients with stroke or TIA, even in the very earl
phases. A Cochrane review of 58 Igiaf physical fithess training for functional recovery after stroke also reported

excellent safety data with no reports of severe adverse events.18

Limitations

Owing to the significant variation in the type of exercise intervention, it is difficult¢eréain the ideal design for
effectiveness. The relatively small number of studies and participants precluded investigating the effects o
specific components of exercise interventions (eg, single vs group sessions). However, exercise interventio
initiated early rather than late, and those combined with health education appeared more effective for reducing
SBP. It is still uncertain if the effects of the interventions relate to behaviour change outside of the exercise
sessions. Only one study used atyivionitors to link exercise with increased overall step codhts.

Since vascular risk factors were measured at the end of the study interventions, we do not know if the beneficial
effects of exercise extend beyond the intervention duration. Studies atisein other patient cohorts have
suggested a decline in beneficial effects soon after intervention termin&tiatthough data from cardiac

rehabilitation studies demonstrate reductions in cardiovascular mortality and hospitalisation that persist at 12
months followup.” "* The majority of participants in included trials were relatively young (average age 69 years)
with mildly disabling stroke or TIA who were ambulant. This may limit the generalisability of our findings to older,
more disabled patienta/ith stroke. Our analysis suggested only modest SBP reductions among exercise studies
that included more disabled patients with stroke, with no changes in DBP. These patients, who often experience
greater fatigue, functional and cognitive impairment, niisyg it more difficult to comply with the frequency,

duration and target heart rates of prescribed exercise that lead to beneficial effects.

The quality of evidence (GRADE) for the outcomes ranged from moderate to very low, primarily due tc

inconsistency ad imprecision of results. All of the included studies were small pilot trials, none powered



independently to detect significant differences in any of the vascular risk factors measured. These small studie
may also be subject to inherent exaggeration @& sizes due to variations in methodological quality and
heterogeneity of patient cohorts. Although we performed funnel plots for publication bias, we did not search grey
literature nor included manuscripts outside of the English and Chinese languagye-fdre, there is a risk of
publication and language bias.

Our results suggest that clinicians managing patients with stroke or TIA should recommend aerobic exercise (¢
brisk walking, cycling, stepping), aiming for target heart rate reserves of betd@¥nand 70%, for around 150
i6iou]v % E A | ~ ]A3sesspAs)EEXercise sessions should be prioritised to start early (ie, within 6
months) after stroke or TIA. One way to deliver the suggested aerobic exercise interventions in combination witl
Z 08Z pn S]l}vU u C §} & ( E 8} A]*S]vP 0} 0 %Z « [///l/sO E ] & -
the UK are already accepting stroke referfdlslowever, in order for this to become an established service,-high
quality RCTs, recriilg larger, less selected groups of stroke survivors, and incorporating longer-fgl|oare

desperately needed to investigate the effects of exercise on cardiovascular events and mortality.

Conclusion
Exercise interventions postroke and TIA are safnd contributed to clinically meaningful reductions in blood
pressure, the strongest modifiable predictor of secondary stroke. This was most pronounced among intervention

initiated within

What is already known
Exercise after stroke has been shown to ioyar walking speed and balance, but its effect on secondary vascular

risk factors is less well studied.

What this study adds
Exercise programmes after stroke or TIA are safe and result in clinically meaningful reductions in systolic at

diastolic blood presure.



The beneficial effects of exercise programmes are enhanced if started within 6 months ofstroke or TIA an

incorporate health education.
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Figure 1  Flow diagram for study selection process. RCT, randomised controlled trial.
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Forest plots of the effects of exercise vs control interventions on (A) systolic blood pressure, including effects of (B) early (<6 months) vs late

initiation (>6 months), (C) inclusion of an educational component and (D) population condition (stroke vs transient ischaemic attack).



Figure 3  Forest plots of the effects of exercise vs control interventions on (A) diastolic blood pressure, including effects of (B) early (<6 months) vs late

initiation (>6 months), (C) inclusion of an educational component, and (D) population condition (stroke vs transient ischaemic attack).



Figure 4  Forest plots of the effects of exercise vs control interventions on (A) total cholesterol, (B) low-density lipoprotein
cholesterol, (C) high-density lipoprotein cholesterol, (D) fasting glucose and (E) body mass index.



Table1  Risk of bias assessed using Cochrane risk of bias tool (high, low, unclear)

Blinding of Incomplete
Sequence Allocation Blinding of outcome outcome data Free of selective

Study generation concealment  participants assessment addressed outcome reporting  Other bias  Risk of bias
Potempa et al31 Unclear Unclear Unclear Unclear Low Low Low Moderate
Katz-Leurer et al*2 Low Unclear Low Unclear Low Low Low Moderate
Ivey et aI33 Low Low Low Low Low Low Low Low
Lennon et al34 Low Low Low Low Low Low Low Low
Rimmer et al35 High Unclear Low Unclear Low Low Low High
Toledano-Zarhi et al*® Unclear Unclear Unclear Unclear Low Low Low Moderate
Faulkner et al37 Low Low Low Low Low Low Low Low

Liu and Yan*® High Unclear Low Low Unclear Unclear Unclear High
Kono et aI39 Low Low Low Low Low Low Low Low

Jin et aI40 Low Low Low Unclear Unclear Low Low Moderate
Boss et al* Unclear Unclear Yes Yes Low Low Low Moderate
Xinzhou*? High Unclear Low Low Unclear Unclear Unclear High

Kirk et aI43 Low Low Low Low Low Low Low Low
Wang et al44 Low Low Low Low Low Low Low Low
Wang et al Low Low Low Low Low Low Low Low
Tang et al46 Low Low Low Low Low Low Low Low
Woolley et al”’ Unclear Low Low Low Unclear Low Low Moderate
Lee et al48 Low Low Low Low Low Low Low Low

Zou et al®® Low Low Low Low Unclear Low Low Moderate

Moore et aI50 Low Low Low Low Low Low Low Low




Table2  Summary characteristics of studies included in the review

Intervention

Participant characteristics initiation
Study (N, diagnosis, average age, % male)  Setting (poststroke/TIA) Intervention and control description Frequency and duration Outcome measures
Potempa et al™ n=42 (19 intervention) Exercise laboratory ! x PRQW KV Intervention: aerobic exercise training programme using leg cycle ergometer aiming Frequency: 3xper week %DVHOLQH DQG DW
USA Hemiplegic stroke for30%+ x+55 Session length: 30 min yy BP

Agerange 21+ x\HDUV Control: passive range of motion protocol.

Male 54.8%
Katz-Leurer et aI32 n=92 (46 intervention) Outpatient clinic xKRXUV ,QWHUYHQWLRQ DHURELF SURJUDPPH RI OHJ F\FC Frequency: 3 $5xper week Baselineandat xZHHNYV
Israel Moderate severity stroke (SSS) WLPHV SHU ZHHN WR iD ZHHN DLPLQ Sessionlength: 10480 min yy BP

Age 63 years Control: passive stretching.

Male 54.3%
Ivey et aI33 n=46 (26 intervention) Unclear I xPRQWKYV Intervention: progressive treadmill exercise training (T-AEX) aiming for 40% + Frequency: 3xper week %DVHOLQH DQG DW
USA Hemiplegic stroke x+55 Session length: 40 min yy FG

Age 63.1 years Control: passive stretching. yy Body weight

Male 2 unclear
Lennon et al34 n=46 (23 intervention) Outpatient cardiac ! x\HDU Intervention: upper or lower limb cycle ergometry aiming for 50% + Frequency: 2xper week %DVHOLQH DQG DW
Ireland $00 VWURNH VHYHULW rehabilitation with 2xlife skills sessions (stress and relaxation). Session length: 30 min yy Cardiac risk score

Age 60 years programme Control: usual care (functional activities, balance and gait). yy BP

Male 60.9% yy BMI

yy Lipids

Rimmer et aI35 n=41 (14 MISD, 14 LILD, 13 TE) University-based I xPRQWKYV Intervention: MISD2 LQFUHDVLQJ WDUJHW +5 HY HW55xZHH Frequency: 3xper week %DVHOLQH DQG DW
USA Hemiplegic stroke medical centre x+55 + x+55 /[, /' DLPHG WR LQFUHDVH H[HUFLV Session length: 30 60 min yy BP

Age 59.6 years 45, 60 min). yy Lipid profile

Male 40% Control: balance and gait activities (TE). yy BMI

Toledano-Zarhi et al36
Israel

Faulkner et aI37
New Zealand

Liu and Yan38
China

Kono et aI39
Japan

Jinet al40
China

Boss et al41
The Netherlands

)(inzhou42
, China

n=28 (14 intervention)
Minor stroke

Age 65 years

Male 75%

n=60 (30 intervention)
TIA

Age 69 years

Male 52%

n=98 (50 intervention)
Moderate to severe stroke
Age 55 years

Male 49%

n=70 (35 intervention)

Mild stroke (non-cardioembolic)
Age 63.5 years

Male 68.6%

n=128 (65 intervention)
Mild stroke (ambulant)
Age 57 years

Male 71.2%

n=20 (10 intervention)
Mild stroke or TIA
Age 63 years

Male 70%

Outpatient clinic

Outpatient cardiac
rehabilitation clinic

Hospital clinic

Hospital clinic or home
based

Outpatient
rehabilitation clinic

Outpatient stroke clinic

n=45 (15 aerobic exercise, 15 aerobic and Hospital clinic

resistance, 15 control)
Mild stroke

Age range 39 168 years
Male 2 unclear

1+ xZHHNV

XZHHNV

XZHHNV

I xPRQWK

xPRQWKYV

XxZHHN

xPRQWKYV

Intervention: 2xweekly sessions of treadmill, arm and leg cycle ergometry aiming for
target 50%+ x+55 DQG VHVVLRQ RI VWUHQJWK
Control: usual care (stretching and functional activities).

,QWHUYHQWLRQ 1 ZHHNO\
for50%+ x+55 LQFUHDVLQJ LQFUHPHQWDOB\ HZARK
health education session (vascular risk, stroke prevention, nutrition, BP, medication

compliance, stress).

Control: routine care and secondary prevention advice

Intervention: treadmill exercise programme aiming for target HR (170-age)/min.
Control: standard rehabilitation programme not involving aerobic exercise

Intervention: clinichased? xPLQ ZDUP*X8PLQ F\FOH HUJRP
resistance exercises, 5 min cool down. Alternatively, home based 2 6000 steps daily,

30+ xPLQ ZD G3%peRwueek.

Lifestyle modification education (diet, smoking, alcohol).
Control: lifestyle modification education only.

Intervention: aerobic cycling training aiming for 50% +
Control: passive stretching and walking (20% *

Intervention: aerobic exercise and strength training, with incremental intensity.

Control: usual care.

Intervention: 5x weekly sessions of aerobic treadmill training aiming for 50% +
80 x+55 ZLWK RU ZLWKRXW HODVWLF EDQG U

Control: usual care.

Frequency: 3xper week
Session length: 35 455 min

xPLQ VHVVLRQV RI : Frequency: 3xper week

Session length: 30 990 min

Frequency: 5xper week
Session length: 30 #0 min

Frequency: 1 2xper week clinic
based or 3 5xper week home

Session length: 60 min

Frequency: 5xper week
Session length: 40 min

Frequency: 3xper week
Session length: 60 min

Frequency: 5xper week
Session length: 40 60 min

%DVHOLQH DQG xPF
yy BP

%DVHOLQH xZHHNV
yy BP

yy Lipid profile

yy FG

yy BMI

%DVHOLQH DQG DW
yy FG

%DVHOLQH DQG xPRQW
yy CV death or hospitalisation
yy BP

yy Lipids

yy BMI

%DVHOLQH DQG xZ
yy BP

yy BMI

%DVHOLQH DQG DW
yy BP
yy LDL-C

%DVHOLQH DQG DW
yy Lipid profile



Table 2

Continued

Intervention

Participant characteristics initiation
Study (N, diagnosis, average age, % male) Setting (poststroke/TIA) Intervention and control description Frequency and duration Outcome measures
Kirk etal"~ n=24 (12 intervention) Outpatient cardiac <1 month Intervention: circuit training (walking, running, press-ups, squats, shoulder press,  Frequency: 1 £2xper week %DVHOLQH DQG DW
UK Mild stroke or TIA rehabilitation clinic bicep curls, step ups, arm raises) aiming for 50% + x+55 Session length: 60 min yy CVD risk score

Age 67 years Health education (exercise, alcohol, diet, medications). ‘XUDWLRQ xZ1 yy Lipid profile

Male 79.2% Control: usual care. yy FG

yy BP
yy BMI

Wang et al44 n=48 (24 intervention) Outpatient 2+ xZHHNV Intervention: leg cycle ergomtery aiming for 50% + x+55 Frequency: 3xper week %DVHOLQH DQG xZt
China Severe stroke rehabilitation clinic Control: usual care (physiotherapy, occupational therapy, Chinese manipulation). ~ Session length: 40 min yy FG

Age 56 years 'XUDWLRQ xZH yy Lipid profiles

Male 73%
Wang et a®® n=54 (27 intervention) Outpatient 1+ xPRQWK" Intervention: leg cycle ergomtery aiming for 50% + x+55 Frequency: 3xper week %DVHOLQH DQG xZtF
China Severe stroke rehabilitation clinic Control: usual care (physiotherapy, occupational therapy, Chinese manipulation).  Session length: 40 min yy FG

Age 53 years 'XUDWLRQ xZH yy Lipid profiles

Male 70.4% yy Weight
Tang et al46 n=50 (25 intervention) Outpatientresearch ! x\HDU Intervention: progressive intensity exercises involving incline walking, cycle  Frequency: 3xper week %DVHOLQH DQG xPF
Canada Mild stroke facility ergometry, sit to stands, step ups. Intensity increase from 40%to 70% + x+55 Session length: 60 min yy Lipid profiles

Age 66 years HYHU\ xZHHNV 'XUDWLRQ xPR yy FG

Male 58% &RQWURO EDODQFH IOH[LELOLW\ VWUHWF
Woolleyetal47 n=25 (13 intervention) Outpatient xZHHNV ,QWHUYHQWLRQ xPLQ VHVVLRQ RI DHURELF H[F Frequency: 2xper week %DVHOLQH DQG DW
New Zealand TIA rehabilitation clinic aiming for50% + x+55 )R O ORZ Han &%sion of upper and lower body ~ Session length: 90 min yy BP

Age 66 years resistance, balance and core-stability exercises. '‘XUDWLRQ xZH

Male 84% Control: usual care.

Lee et al48 n=26 (14 intervention) Community ! x\HDU Intervention: combined aerobic (20 min incline walk, steps) and resistance (20 min  Frequency: 3xper week %DVHOLQH DQG xPF
Korea Hemiplegic stroke rehabilitation clinic VTXDWV OXQJHV IOH[LRQ H[WHQVLRQxVKRXOGHUY Session length: 90 min yy BP (peripheral and central)
Age 64 years x+55 DORQJ ZLWK VWUHWFKLQJ 'XUDWLRQ xZl yy BMI

Male 2 unclear Control: walking, playing Korean chess.
Zou et al49 n=56 (28 intervention) Outpatient I xPRQWKYV Intervention: resistance leg training (leg press, extension, curls) aiming for muscle ~ Frequency: 3xper week %DVHOLQH DQG DW
China Mild stroke rehabilitation clinics failure between 10 and 12 repetitions. Session length: 40 min yy BMI

Age 52 years Control: active and passive stretching. 'XUDWLRQ xZH yy FG

Male 39.3% yy Lipids
Moore et al50 n=40 (20 intervention) Community leisure I xPRQWKYV Intervention: mixed balance and strength training (40% + x+55 LQFUHD Frequency: 3xper week BaselineaQG DW xZHH

UK

+55 KHDUWXxUDWH QRIFGUS/UHH \WA/3X UEH
WRWDOXxFKROHVWHURO 7(

Mild stroke
Age 69 years
Male 85%

+5

centres

KHDUWXxUDWH )*

IDVWLQJIJxJOXFRVH %0,
VT KowttBrSity Kpaprofeitidhalesterol, HDLAT, high-density lipoprotein cholesterol.

70%+ x+55 E\ ZHHN
Control: matched-duration home stretching programme.

Session length: 45 460 min
'XUDWLRQ xZI

yy Lipid profile
yy BMI
yy BP

ERG\xPDVV in@Gity[shart duraboR; S ISQSWandd\ian Stoke SchletyTG XUDWLRQ 0,6°
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