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Resumen

Introducción: El ejercicio de alta intensidad (HIT) ha demostrado ser un modelo seguro y factible que ofrece beneficios en la 
salud de los pacientes con ictus. El objetivo de este metaanálisis fue examinar los efectos del ejercicio de alta intensidad sobre 
la recuperación funcional y la calidad de vida relacionada con la salud en las fases aguda y subaguda del ictus.
Material y método: Se realizó una búsqueda en seis bases de datos de hasta octubre de 2023 de ensayos clínicos que in-
vestigaron los efectos de HIT comparado con otras intervenciones de ejercicio en los primeros seis meses tras haber sufrido 
un accidente cerebrovascular. 
Resultados: Se identificaron siete artículos en los que se estudió a 163 pacientes con una media de edad de 65 años. Se 
hallaron diferencias estadísticamente significativas para las variables de calidad de vida y salud (diferencia de medias estan-
darizadas [DME] promedio 1,07, con un intervalo de confianza del 95% [IC95%] de 0,94-1,33; p <0,001), y para el equilibrio 
(DME 0.86, IC95% 0,41-1,30; p = 0,0002); mientras que para la variable salud mental (DME 0,05, IC95% -0,33-0,44; p = 0,79) y 
capacidad cardiorrespiratoria (DME 0.56, IC95% -0,01-1,14; p = 0,055) los resultados del metaanálisis fueron no significativos.
Conclusiones: Estos resultados sugieren que la implementación de un protocolo HIT es beneficioso para la mejora de la 
calidad de vida y la salud, así como mostrarse como una estrategia segura en pacientes en fases aguda y subaguda del ictus.
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Summary

Introduction: High intensity training (HIT) has been shown to be safe and feasible, and to report many health related benefits 
to stroke patients. The objective of this review was to examine the effects of high intensity exercise on functional recovery 
and health related quality of life in the acute and subacute phases of stroke.
Material and method: Six databases were searched up to october 2023, looking for studies that compared the effect of HIT 
to other exercise interventions in the first six months after having a stroke. 
Results: Seven papers were identified 163 patients were studied with a mean age of 65 years. Statistically significant diffe-
rences were found for the variables of quality of life and health (average standardized mean difference [SMD] 1.07, with a 95% 
Confidence Interval [95%CI] of 0.94-1.33; P <0.001), and balance (SMD 0.86, 95%CI 0.41-1.30; P  = 0.0002); while for the variable 
mental health (SMD 0.05, 95%CI -0.33-0.44; P = 0.79) and cardiorespiratory fitness (SMD 0.56, 95%CI -0.01-1.14; P = 0.055) 
the results of the meta-analysis were not significant.
Conclusions: These results suggest that the implementation of HIT protocol has positive results on quality of life and health 
of stroke patients, and is safe during the acute and subacute stages of stroke.
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Introduction

In recent decades, Western populations have aged gradually and 
significantly. This has led to an increase in the incidence of age-related 
ailments, with stroke being the third most relevant disease within the 
relevant group in 20191. That year, there were more than 12 million new 
cases of stroke worldwide and almost 7 million deaths2. Not just in Spain 
but throughout Europe, stroke is the second cause of dementia after 
Alzheimer’s disease and the first cause of disability3. 

The main sequelae in patients who have suffered a stroke are 
reduced motor control and changes in sensation4. Their cardiorespira-
tory capacity is also reduced by 50%5, which leads to greater physical 
inactivity6, increasing the risk of stroke recurrence7.

High-intensity exercise includes any exercise model in which at least 
70% of the reserve heart rate (HRR) or maximal oxygen consumption 
(VO2max), 75% of the maximum heart rate (HRmax) or a score of 14 on 
the Borg Rating Of Perceived Exertion (RPE) scale8 is reached. It can be 
applied continuously or at intervals through short bursts of vigorous 
activity followed by periods of low activity9.

Currently, rehabilitation programmes for stroke patients have 
a limited impact on the recovery of aerobic capacity10. However, in 
view of the benefits and degree of safety reported by HIT protocols 
in healthy individuals and patients with other chronic diseases11,12, the 
application of this exercise model has been proposed with the aim of 
reducing morbidity in stroke patients10. There is also evidence that it 
would be safe and beneficial for the cardiopulmonary health of these 
patients13–15 although what the best exercise protocol might be is still 
a subject of debate10,16. 

The potential for functional recovery has been shown to be greatest 
in the first months after the onset of stroke4, but the bulk of the existing 
evidence looks at the impact of high-intensity exercise on rehabilitation 
from the disease, including either all its phases or just the chronic phase. 
So, the aim of this review was to study the effect of HIT interventions in 
the acute and subacute phases of stroke.

Materials and methods

This systematic review with meta-analysis was conducted according 
to the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses)17. 

Search strategy

All clinical trials that studied the effects of HIT on patients in the acute 
and subacute phases were included. The studies were considered for 
inclusion regardless of size provided that they included a control group 
to compare outcomes.

We searched the Medline database via PubMed, Cochrane Library 
(Willey), Web of Science (Clarivate), and the Embase database via embase.
com (Elsevier), SportDiscus (EBSCOhost) and BVSalud (Literatura Latino 

Americana e do Caribe em Ciências da Saúde-LILACs) up to October 2023. 

Controlled vocabulary (MeSH terms) was used, employing keywords 

and synonyms to refine the search. The references in the articles inclu-

ded in systematic reviews were checked to identify other potentially 

eligible studies.  

The study was registered in the PROSPERO International Prospec-

tive Register of Systematic Reviews (CRD42023432785). Study titles and 

summaries which could be relevant to this review were obtained. Two 

authors verified the inclusion criteria of the studies found. In the event of 

disagreement in this regard, consensus was reached through common 

agreement. The full texts of the articles were then assessed applying the 

inclusion and exclusion criteria. 

Selection of the studies and eligibility criteria

The following inclusion criteria were established: 1) clinical trials, 2) 

with described intervention including high intensity exercise according 

to ESC criteria, and 3) stroke in acute or subacute phase. 

The following exclusion criteria were chosen: 1) stroke in chronic 

phase, 2) measurement of intensity which was a variable other than 

VO2max, HR or RPE, and 3) interventions that did not include aerobic 

exercise, defined as any activity that uses large muscle groups, can be 

maintained continuously and is of a rhythmic nature18.

Data extraction and bias and quality risk analysis

The following information was collected from the original studies 

selected: authors, year of publication, characteristics of the patients 

(age and mean time elapsed after the onset of stroke), characteristics of 

the intervention (duration and intensity of the sessions) and outcome 

measures with their statistical significance.

The quality of the studies was assessed using the PEDro scale19 and 

the level of evidence with the appraisal sheet provided by the University 

of Oxford’s Centre for Evidence-Based Medicine (OCEBM)20.

Statistical analysis

Jamovi v2.3.21 was used for this meta-analysis. For all the studies 

which presented continuous data variables, the standardised mean 

difference (SMD) between pre and post-intervention values was chosen 

with a 95% confidence interval as outcome measure (Table 1). For a va-

riable present in more than two studies, the random effects model was 

used as a statistical approach. Regarding the other variables, when only 

comparing two studies, the fixed effects model was used for analysis21.

Secondary studies on the same trial were included in this meta-

analysis, so, despite the existence of comparable variables between 

them, these could not be analysed, thereby limiting the size of this 

study. This was an impediment when performing the analysis because 

having taken them into account would have magnified the effect, since 

they are variables measured in the same patients.
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Results

Systematic review

2052 studies were identified initially, of which 122 were considered 

potentially eligible. Finally, 7 articles met the inclusion criteria and were 

selected for the review (Figure 1).

Characteristics of the studies included

Of the 7 articles included, 3 are randomised controlled trials (RCTs) 

(Krawcyk, et al.22, Hornby, et al. 201623 and Sandberg, et al.24). Of those 

remaining, Wijkman, et al.25 is a secondary analysis of Sandberg, et al.24, 

and Leddy, et al.26, Mahtani, et al.27 and Hornby, et al. 202228 are secondary 

analyses of Hornby, et al. 201623.

Variables Title of the 
article

Outcome 
measured

No. of 
subjects

Intervention Control

Ni SMDi SD SMDi Nc SMDc SD SMDc

Capacidad cardio-
rrespiratoria 

Sandberg 2016 6MWT (m) 56 29 105.1 76.2 27 35.9 93.2

Hornby 2016 6MWT (m) 32 15 116.0 101.4 17 29.0 77.5

Krawcyk 2019 GCT-TT (Watts) 63 31 7.7 31.7 32 6.7 32.7

Calidad de vida y 
salud

Sandberg 2016 EQSD VAS 56 29 14.9 16.6 27 0.7 12.9

Hornby 2016 Physical SF36 32 15 9.0 4.9 17 2.0 5.3

Mental health Krawcyk 2019 WHOS (mental well being) 63 31 4.0 15.3 32 5.0 12.4

Hornby 2022 Subdominio Mental Health 44 27 3.0 13.1 17 0.0 10.6

Balance Sandberg 2016 SLS (Single Leg Stand) 56 29 10.4 7.4 27 0.9 7.6

Hornby 2016 Escala Berg 32 15 8.0 10.6 17 5.0 10.8

Variables Title of 
the article

Outcome  
measured

Intervention

Ni PREi 
value

SD PREi POSTi 
value

POSTi 
SD

SMDi SD SMDi

Cardiorespiratory 
capacity

Sandberg 2016 6MWT (m) 29 394.7 114.7 499.8 93.1 105.1 76.2

Hornby 2016 6MWT (m) 15 116.0 88.0 232.0 149.0 116.0 101.4

Krawcyk 2019 GCT-TT (Watts) 31 118.5 43.1 126.2 46.3 7.7 31.7

Quality of life and 
health

Sandberg 2016 EQSD VAS 29 72.3 22.3 87.2 9.1 14.9 16.6

Hornby 2016 Physical SF36 15 35.0 7.3 44.0 6.1 9.0 4.9

Mental health Krawcyk 2019 WHOS (mental well being) 31 65.0 23.0 69.0 16.0 4.0 15.3

Hornby 2022 Subdominio Mental Health 27 51.0 19.0 54.0 18.0 3.0 13.1

Balance Sandberg 2016 SLS (Single Leg Stand) 29 9.6 10.3 20.0 10.6 10.4 7.4

Hornby 2016 Escala Berg 15 32.0 16.0 40.0 11.0 8.0 10.6

Variables Title of  
the article

Outcome  
measured

Control

Nc PREc 
value

SD PREc POSTc 
value

POSTc 
SD

SMDc SD SMDc

Cardiorespiratory 
capacity

Sandberg 2016 6MWT (m) 27 384.3 131.9 420.2 131.6 35.9 93.2

Hornby 2016 6MWT (m) 17 131.0 108.0 160.0 111.0 29.0 77.5

Krawcyk 2019 GCT-TT (Watts) 32 119.5 44.0 126.2 47.9 6.7 32.7

Quality of life and 
health

Sandberg 2016 EQSD VAS 27 80.4 18.9 81.1 17.5 0.7 12.9

Hornby 2016 Physical SF36 17 36.0 7.5 38.0 7.4 2.0 5.3

Mental health Krawcyk 2019 WHOS (mental well being) 32 64.0 18.0 69.0 17.0 5.0 12.4

Hornby 2022 Subdominio Mental Health 17 63.0 12.0 63.0 16.0 0.0 10.6

Balance Sandberg 2016 SLS (Single Leg Stand) 27 11.8 10.8 12.7 10.7 0.9 7.6

Hornby 2016 Escala Berg 17 33.0 16.0 38.0 14.0 5.0 10.8

Ni: sample size of intervention group; SMDi: Standardised mean difference in intervention group; SD SMDi: Standard deviation of standardised mean difference in intervention group; Nc: sample 
size of control group; SMDc: Standardised mean difference in control group; SD SMDc: Standard deviation of the standardised mean difference in control group: PREi value: Pre-intervention 
mean in experimental group: SD PREi: Pre-intervention standard deviation in experimental group: PREc value: Pre-intervention mean in control group: SD PREc: Pre-intervention standard 
deviation in control group.

Table 1.  Standardised measures for the meta-analysis variables.
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The studies were published between 2016 and 2022. They were 

carried out in different countries, namely Denmark, Sweden and the 

United States.

Characteristics of the participants

The participants in the studies analysed were aged between 18 

and 75. They were required to have the minimal degree of stability 

and mobility to do the exercise in question (ability to walk five metres 

with minimal or moderate assistance) and the ability to understand 

written and spoken instructions, including the ability to give informed 

consent22–28.

Characteristics of the interventions and conditions of 
the control groups

Table 2 shows the information collected on the interventions in the 
studies reviewed here, including RCTs and secondary analyses. Three 
studies22,24,25 focussed on interval-based exercise interventions, while 
the other four used continuous exercise. Different instruments were 
used for rehabilitation: a treadmill was used in four of the studies23,26-28, 
an ergometer in three22,24,25 and steps or walking on flat ground were 
used in the other three23,26,27.

Different parameters were used to measure the intensity of the 
exercise, most studies using more than one: VO2max and HRmax were 

Figure 1. PRISMA flow diagram.
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used in two studies24,25, HRR in five23,26-29 and RPE in the other five22,23,25-27.

The interventions lasted between eight and twelve weeks. Turning 

to session frequency, there were sessions two days a week in two publi-

cations24,25 and sessions four-to-five days a week in the rest. The sessions 

in only one study lasted less than 40 minutes22. Finally, six studies were 

conducted in an outpatient setting and only one in a hospital setting25.

A “(+12)” is added in parentheses in some sections. This refers to 

patients who completed the protocol described by Holleran et al.29, a 

pilot study which was conducted to gauge the feasibility of the trial 

described by Hornby et al.23, and which, therefore, followed the same 

intervention but did not involve a control group, meaning that the 

participants were not included in the tables.  

Quality assessment 

The PEDro (Physiotherapy Evidence Database) scale was used to 
evaluate the methodological quality of the studies included in this 
review (Table 3). Of the seven articles included, five scored 6-8 points 
out of 10, meaning that their methodological quality can be considered 
good. Of the remaining two articles, one obtained a score of 5 and the 
other, 4, indicating an acceptable degree of quality.

The selection criteria were specified in all the studies and they all 
started with groups of patients who shared similar baseline characteristics. 

In all but one case26, subject allocation was randomised and 
concealed. The assessors were blinded in some cases22-24,26. Bar two 
exceptions26,27, results were presented for all the participants assigned 
to the intervention or the control group. When this was not possible, 
the data were analysed by “intention to treat”. Finally, in no case were 
the measures of the outcomes obtained in more than 85% of the 
participants. This was because they did not attain that percentage or 
because no explicit mention was made of it. 

All the trials met the requirements of a randomised clinical trial, 
classified as level 1b. 

Meta-analysis

Cardiorespiratory capacity

Three studies reported pre- and post-intervention cardiorespira-
tory capacity data. The SMDs ranged from 0.03 to 0.95, all estimates 
being positive. The estimated mean SMD was 0.56, with a 95% confi-
dence interval (95% CI) of between -0.01 and 1.14, using the random 
effects model. The mean result showed no significant differences 
(z = 1.92, P = 0.055). Cochran’s Q test was not significant, but a mean 
heterogeneity was observed in the results (Q(2) = 5.83, P = 0.05,  
T² = 0.16, I² = 64.8%). The 95% prediction interval for the results ranged 
from -0.42 to 1.54 (Figure 2).

Quality of life and health
A total of two studies reported pre- and post-intervention quality 

of life and health data. The SMDs ranged from 0.94 to 1.33, all estimates 

Intervention Sub-type RCTs &
secondary
analyses

Participants

Type HIT 
HIIT 

4 
3

86 (+12) 
98

Method Treadmill
Cycle ergometer
Floor/steps

4 
3 
3

86 (+12) 
98 

63 (+12)

Intensity 
measure

VO2max

HRmax

HRR
RPE (Borg)

2 
2 
5 
5

58 
85 

99 (+12)  
128 (+12)

Time < 40 min
≥ 40 min

1 
6

40 
144 (+12)

Frequency <4 days/week
4-5 days/week

2 
5

58 
126 (+12)

Duration of the 
programme

8-12 weeks 7 184 (+12)

Training  
environment

Hospital
Outpatients

1 
6

29 
155 (+12)

RCTs Randomised controlled trials; HIT: High intensity training; HIIT: High intensity interval 
training. “(+12)” refers to patients in the Holleran, et al. protocol29.

Table 2. Comparison of the interventions

Table 3. PEDro (Physiotherapy Evidence Database).

1: eligibility criteria; 2: random allocation; 3: allocation concealed; 4: baseline similarity; 5: blinded subjects; 6: blinded therapists; 7: blinded assessors; 8: key outcome measures in >85% subjects; 
9: monitoring and analysis by “intention to treat”; 10: between-group comparisons; 11: point measures and measures of variability. “X” indicates “yes” and blank means “no”.

STUDIES 1 2 3 4 5 6 7 8 9 10 11 PEDro scale score

Hornby, et al. 2022 X X X X X X X 6/10

Leddy, et al. 2016 X X X X X 4/10

Krawcyk, et al. 2019 X X X X X X X X 7/10

Sandberg, et al. 2016 X X X X X X X X 7/10

Mahtani, et al. 2017 X X X X X X 5/10

Wijkman, et al. 2018 X X X X X X X 6/10

Hornby, et al. 2016 X X X X X X X X 7/10
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being positive. The estimated mean SMD was 1.07, with a 95% CI of 
between 0.62 and 1.52, using the random effects model. The mean 
result showed significant differences (z = 4.69, P = 0.0001). According 
to Cochran’s Q test, there was no significant heterogeneity in the true 
results (Q(1) = 0.67, P = 0.41, I² = 0.00%) (Figure 3).  

Mental health
Two studies reported pre- and post-intervention mental health 

data. The SMDs ranged from -0.07 to 0.24, half of the estimates being 
negative. The estimated mean SMD was 0.05, with a 95% CI of between 
-0.33 and 0.44, using the random effects model. The mean result showed 
no significant differences (z = 0.27, P = 0.79). According to Cochran’s  
Q test, there was no significant heterogeneity in the true results 
(Q(1) = 0.61, P = 0.44, I² = 0.00%) (Figure 4). 

Balance

A total of two studies reported pre- and post-intervention 
balance data. The SMDs ranged from 0.27 to 1.25, all estimates 
being positive. The estimated mean SMD was 0.86, with a 95% CI of 
between 0.41 and 1.30, using the random effects model. The mean 
result showed significant differences (z = 3.79, P = 0.0002). According 
to Cochran’s Q test, the true results were apparently heterogeneous 
(Q(1) = 4.49, P = 0.03, I² = 77.75%) (Figure 5). 

 
Publication bias

Egger’s test only produced evidence of publication bias for the 
balance variable (P = 0.03).

Figure 3.  Forest plot for quality of life and health.
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Adverse events

The adverse events found were analysed in depth without ob-
serving significant differences between groups, these being similar in 
terms of number of events. Such events involved fractures, wounds, falls 
without injury and joint and muscle pain, along with cardiorespiratory 
events (high blood pressure, angina and pulmonary aspiration) requiring 
hospitalisation23,26. Two articles did not report this information at all27,28, 
one article recorded an absence of intervention-related adverse events22 
and two reported that there had been no serious adverse events at any 
point in their trials24,25.

Discussion

From the data presented in this meta-analysis, we suggest that a 
high-intensity exercise protocol has beneficial effects on quality of life 

and health, and balance in the early phases of stroke patients compa-
red to conventional interventions, but no significant effects in terms of 
mental health or cardiorespiratory capacity. It was possible to include 
four of the seven articles in the quantitative analysis section with a good 
quality of evidence..

Cardiorespiratory capacity and haemodynamic 
variables

We found positive but not significant results for cardiorespiratory 
capacity in the intervention group. A previous meta-analysis including 
chronic patients reported significant beneficial effects on cardiorespi-
ratory fitness from HIT13. This could be because patients in this phase 
of recovery usually start with reduced cardiovascular capacity, so the 
margin for improvement is greater. In the early stages of stroke, the 
potential for recovery of capacity to pre-stroke values is greater because 

Figure 5.  Forest plot for balance.
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the patients have not been suffering the consequences of the disease 
for so long, and therefore have not suffered deterioration through 
inactivity for such a long time. Furthermore, greater aerobic capacity 
has been associated with a reduction in cardiovascular risk factors and 
stroke recurrence, in part due to the lower blood pressure and serum 
cholesterol levels it causes30. Our analysis did not study haemodynamic 
variables, but, in their original articles, Krawcyk, et al.22 and Wijkman, et 
al.25 observed a significant drop in heart rate, indicating a favourable 
outcome of intervention.

Quality of life and health

Previous studies have confirmed, with a strong level of evidence, 
that aerobic exercise improves not only cardiorespiratory fitness and 
disability but also mobility and balance in all stages of recovery7,16, di-
rectly affecting quality of life. In our study, we were able to confirm that 
HIT significantly improved quality of life and health in the intervention 
groups compared to the control groups. However, this is not consistent 
with outcomes described previously by other authors31. This discrepancy 
could be explained by the lower intensity to which the intervention 
group in said study was subjected (60-80% HRR). 

Mental health and cognition

Our study did not observe any benefits from HIT above those 
registered with traditional rehabilitation protocols. So the results con-
cerning any impact that aerobic exercise may have on current degree 
of depression and mental well-being are inconclusive16. This could be 
due to the limited number of patients recruited, so we can only say that 
the results provided may not be definitive. 

Balance

Our quantitative analysis agrees with the conclusions of the review 
by Saunders, et al.16 ,which establishes with a strong level of evidence 
that aerobic exercise produces a greater improvement in terms of balan-
ce than conventional rehabilitation interventions in all stages of recovery. 

Kinematics

Changes in kinematics have been studied from different pers-
pectives. Holleran, et al.29 reported a significant improvement in stride 
speed, cadence and length. This suggests that high-intensity exercise 
may be a factor which can improve the prognosis when recovering the 
ability to walk efficiently, although the evidence to date is limited by 
the number of studies found. 

Adverse events 

No serious adverse events were observed in any of the studies 
included in this review. However, it should be noted that, of the 
seven articles, only two analysed these in depth. They did not show 
any clear relationship with the intervention23,26. Two studies observed 

an absence of serious adverse events during their trials24,25; Krawcyk, 
et al.22 saw no type of adverse event at all and the other two did not 
touch on the subject27,28. 

Other reviews back up the safety of HIT in stroke patients in all 
stages of recovery, such as Luo, et al.13, Anjos, et al.15 and Fahey, et al.33 
where no significant differences were found between high-intensity 
exercise and control groups, and no increase was observed in the rate 
of adverse events compared to conventional rehabilitation.

The evidence available suggests that this model is safe and well 
tolerated. However, despite the safe nature of the protocols, Wijkman 
et al.25 observed a significant rise in systolic blood pressure in response 
to exercise. For this reason, we consider it essential that this exercise 
model be prescribed and supervised by trained professionals, and 
carefully adapted to the individual needs of each subject, and that 
the physiological variables of each patient be rigorously monitored 
during the intervention.

Strengths and limitations

It should be noted that different definitions can be used to describe 
intensities of effort. We chose to follow the indications of the European 
Society of Cardiology (ESC), so some studies were ruled out, mainly 
because the intensity levels they proposed were less demanding than 
those sought. On the other hand, the search was carried out in the 
leading databases, so we believe that we managed to group together 
the most relevant studies on the subject.

Because this is a relatively new line of research (first study found in 
2016), there is not much literature available. This is a limitation and we 
must be cautious about the contributions presented here. However, the 
methodological quality analysis confirms that five trials were of good 
quality and the other two presented an acceptable level of evidence.  

Conclusions

Our meta-analysis suggests that the implementation of an HIT 
protocol may be beneficial in terms of improving quality of life and 
health, and that it is a safe strategy in patients in the acute and subacute 
phases of stroke. 

Conflict of interest

The authors declare no conflict of interest.

Bibliography

	 1.	 Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M, et al. Global burden of 
369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic 
analysis for the global burden of disease study 2019. The Lancet. 2020;396:1204-22.

	 2.	 Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, et al. Global, regional, 
and national burden of stroke and its risk factors, 1990–2019: a systematic analysis for 
the global burden of disease study 2019. Lancet Neurol. 2021;20:795-820.

	 3.	 Soto Á, Guillén-Grima F, Morales G, Muñoz S, Aguinaga-Ontoso I, Fuentes-Aspe R. 
Prevalence and incidence of ictus in Europe: systematic review and meta-analysis. 
An Sist Sanit Navar. 2022;45:0979.



Pedro Diez Solórzano, et al.

162 Arch Med Deporte 2025;42(3):154-162

	 4.	 Yochelson MR, Cullen Dennison A, Kolarova AL. Rehabilitación de los accidentes cere-
brovasculares. Cifu DX. Braddom Medicina física y rehabilitación, 6ª edición. Barcelona: 
Elsevier España; 2022. p. 954-971.

	 5.	 MacKay-Lyons MJ, Makrides L. Exercise capacity early after stroke. Arch Phys Med Rehabil. 
2002;83:1697-702.

	 6.	 Bailey RR. Promoting physical activity and nutrition in people with stroke. The American 
Journal of Occupational Therapy. 2017;71:7105360010p1.

	 7.	 Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, Johnson CM, et al. Physical activity 
and exercise recommendations for stroke survivors. Stroke. 2014;45:2532-53.

	 8.	 2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular 
disease [Internet]. Sophia Antipolis Cedex: The European Society of Cardiology, 1950 
[actualizada 1 marzo 2023; citado 28 de marzo de 2023]. Disponible en: www.escardio.
org/guidelines.

	 9.	 Mezzani A, Hamm LF, Jones AM, McBride PE, Moholdt T, Stone JA, et al. Aerobic exercise 
intensity assessment and prescription in cardiac rehabilitation: a joint position state-
ment of the European association for cardiovascular prevention and rehabilitation, 
the American association of cardiovascular and pulmonary rehabilitation and the 
Canadian association of cardiac rehabilitation. Eur J Prev Cardiol. 2013;20:442-67.

	 10.	 Crozier J, Roig M, Eng JJ, MacKay-Lyons M, Fung J, Ploughman M, et al. High-intensity 
interval training after stroke: an opportunity to promote functional recovery, cardio-
vascular health, and neuroplasticity. Neurorehabil Neural Repair. 2018;32:543-56.

	 11.	 Milanović Z, Sporiš G, Weston M. Effectiveness of high-intensity interval training (HIT) 
and continuous endurance training for VO2max Improvements: a systematic review and 
meta-analysis of controlled trials. Sports Medicine. 2015;45:1469-81.

	 12.	 Martin-Smith R, Cox A, Buchan DS, Baker JS, Grace F, Sculthorpe N. High intensity 
interval training (HIIT) improves cardiorespiratory fitness (CRF) in healthy, overweight 
and obese adolescents: a systematic review and meta-analysis of controlled studies. 
Int J Environ Res Public Health. 2020;17:2955.

	 13.	 Luo L, Meng H, Wang Z, Zhu S, Yuan S, Wang Y, et al. Effect of high-intensity exercise 
on cardiorespiratory fitness in stroke survivors: A systematic review and meta-analysis. 
Ann Phys Rehabil Med. 2020;63:59-68.

	 14.	 Wiener J, McIntyre A, Janssen S, Chow JTY, Batey C, Teasell R. Effectiveness of high-
intensity interval training for fitness and mobility post stroke: a systematic review. 
PM&R. 2019;11:868-78.

	 15.	 Anjos JM, Neto MG, dos Santos FS, Almeida K de O, Bocchi EA, Lima Bitar Y de S, et 
al. The impact of high-intensity interval training on functioning and health-related 
quality of life in post-stroke patients: a systematic review with meta-analysis. Clin 
Rehabil. 2022;36:726-39.

	 16.	 Saunders DH, Sanderson M, Hayes S, Kilrane M, Greig CA, Brazzelli M, et al. Physical 
fitness training for stroke patients. Cochrane Database Syst Rev. 2016;3:CD003316.

	 17.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The 
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372.

	 18.	 Wahid A, Manek N, Nichols M, Kelly P, Foster C, Webster P, et al. Quantifying the associa-
tion between physical activity and cardiovascular disease and diabetes: a systematic 
review and meta-analysis. J Am Heart Assoc. 2016;5:e002495.

	 19.	 Sherrington C, Herbert RD, Maher CG, Moseley AM. PEDro. A database of randomized 
trials and systematic reviews in physiotherapy. Man Ther. 2000;5:223-6.

	 20.	 Systematic Review Appraisal Sheet [Internet]. Centre for Evidence Based Medicine. 
University of Oxford, 2023 [citado 3 de mayo de 2023]. Disponible en: https://www.
cebm.ox.ac.uk/resources/ebm-tools/critical-appraisal-tools.

	 21.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane handbook 
for systematic reviews of interventions. Oxford: The Cochrane Collaboration; 2019.

	 22.	 Krawcyk RS, Vinther A, Petersen NC, Faber J, Iversen HK, Christensen T, et al. Effect of 
home-based high-intensity interval training in patients with lacunar stroke: a rando-
mized controlled trial. Front Neurol. 2019;10:664.

	 23.	 Hornby TG, Holleran CL, Hennessy PW, Leddy AL, Connolly M, Camardo J, et al. Variable 
intensive early walking poststroke (VIEWS). Neurorehabil Neural Repair. 2016;30:440-50.

	 24.	 Sandberg K, Kleist M, Falk L, Enthoven P. Effects of twice-weekly intense aerobic 
exercise in early subacute stroke: a randomized controlled trial. Arch Phys Med Rehabil. 
2016;97:1244-53.

	 25.	 Wijkman MO, Sandberg K, Kleist M, Falk L, Enthoven P. The exaggerated blood pressure 
response to exercise in the sub-acute phase after stroke is not affected by aerobic 
exercise. J Clin Hypertens. 2018;20:56-64.

	 26.	 Leddy AL, Connolly M, Holleran CL, Hennessy PW, Woodward J, Arena RA, et al. Alte-
rations in aerobic exercise performance and gait economy following high-intensity 
dynamic stepping training in persons with subacute stroke. Journal of Neurologic 
Physical Therapy. 2016:239-48.

	 27.	 Mahtani GB, Kinnaird CR, Connolly M, Holleran CL, Hennessy PW, Woodward J, et al. 
Altered sagittal-and frontal-plane kinematics following high-intensity stepping training 
versus conventional interventions in subacute stroke. Phys Ther. 2017;97:320-9.

	 28.	 Hornby TG, Rafferty MR, Pinto D, French D, Jordan N. Cost-effectiveness of high-intensity 
training vs conventional therapy for individuals with subacute stroke. Arch Phys Med 
Rehabil. 2022;103:197-204.

	 29.	 Holleran CL, Straube DD, Kinnaird CR, Leddy AL, Hornby TG. Feasibility and potential 
efficacy of high intensity stepping training in variable contexts in subacute and chronic 
stroke. Neurorehabil Neural Repair. 2014;28:643-51.

	 30.	 Rundek T, Sacco RL. Risk Factor Management to prevent first stroke. Neurol Clin. 
2008;26:1007-45.

	 31.	 Pang MYC, Charlesworth SA, Lau RWK, Chung RCK. Using aerobic exercise to improve 
health outcomes and quality of life in stroke: evidence-based exercise prescription 
recommendations. Cerebrovasc Dis. 2013;35:7-22.

	 32.	 Fahey M, Brazg G, Henderson CE, Plawecki A, Lucas E, Reisman DS, et al. The value of 
high intensity locomotor training applied to patients with acute-onset neurologic 
injury. Archives of Physical Medicine and Rehabilitation. 2022;103:178-88.


