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ABSTRACT
Background Leisure- time physical activity (LTPA) 
protects against vascular diseases. Whether and to what 
extent different levels of LTPA, including lower ones, 
benefit stroke prevention is still unclear.
Methods We searched prospective cohort studies, 
indexed on PubMed and Scopus, published in English 
up to 22 April 2023, that investigated, in a general 
healthy population, the relationship between different 
predefined LTPA levels, compared with inactivity, and 
the risk of any type of stroke. We applied random 
effect modelling for meta- analyses and meta- 
regression to control for the impact of age and sex.
Results Out of 3064 screened articles, 15 articles on 
16 cohorts of subjects were included in meta- analyses, 
with a total of 752 050 followed- up subjects. Mean 
follow- up was 125.7±77.5 months. Included studies 
identified three (none, below target and ideal) to five 
(none, insufficient, low, moderate and intense) levels 
of LTPA. In the five studies identifying three levels 
of LTPA, compared with no LTPA, below target (risk 
ratio (RR)=0.82, 95% CI=0.75 to 0.88) and ideal 
LTPA significantly reduced stroke risk (RR=0.71, 95% 
CI=0.58 to 0.86).
Lower levels of LTPA also mitigated stroke risk in studies 
reporting on four (n=6; RR=0.73, 95% CI=0.62 to 
0.87 favouring moderate LTPA over no LTPA) and five 
levels (n=2; RR=0.71, 95% CI=0.58 to 0.88 favouring 
moderate LTPA over no LTPA). The benefits of LTPA were 
independent of age and sex.
Conclusions According to our results, all levels of LTPA 
can be beneficial for stroke prevention, including levels 
currently regarded as low or insufficient. People should 
be encouraged to be physically active even at the lowest 
levels.
PROSPERO registration number CRD42023425302.

INTRODUCTION
Stroke represents a leading cause of morbidity 
and mortality in the worldwide population 
resulting in significant individual, social and 
economic burden1; therefore, primary stroke 
prevention remains an important goal in the 
worldwide agenda.

Despite some conflicting results, most obser-
vational studies have demonstrated that physical 
activity (PA) is associated with reduced stroke 

risk. PA can be performed in a wide range of 
intensities, duration and frequency. To compute 
the level of PA, studies mainly considered leisure- 
time physical activity (LTPA, or structured PA or 
properly called exercise), excluding or separating 
the occupational PA (also called incidental, as the 
result of daily activities at work and home).2–4 
There is a clear benefit of moderate–high level 
of LTPA to prevent both stroke incidence and 
mortality.4 The magnitude of the effect is consid-
erable: highly active individuals have a 21% 
lower risk of ischaemic stroke and a 34% lower 
risk of haemorrhagic stroke when compared 
with low- active individuals.3 4 Several biological 
mechanisms can explain the beneficial role of PA 
in preventing stroke, including increased levels 
of neurotrophins (such as brain derived neuro-
trophic factor and insulin- like growth factor 1) 
involved in neuroprotection, promotion of neoan-
giogenesis, synaptic plasticity, neurogenesis, anti- 
inflammatory and antithrombotic processes.5 PA 
has been also shown to have indirect beneficial 
effects by counteracting common cardiovascular 
risk factors such as hypertension, dyslipidaemia, 
diabetes and obesity.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Moderate to high leisure- time physical activity 
decreases the risk for stroke. However, research 
gaps exist in understanding the protective 
effects of low leisure- time physical activity and 
its association with stroke subtypes, age, and 
sex.

WHAT THIS STUDY ADDS
 ⇒ Our study showed that even low levels of 
leisure- time physical activity can prevent stroke 
in the long term and that the effect of physical 
activity is independent of sex and age.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our data might contribute promoting 
campaigns to encourage physical activity in the 
general population and even in subjects who 
can meet the goals of physical activity only in 
part.

http://jnnp.bmj.com/
http://orcid.org/0000-0002-8059-6427
http://orcid.org/0000-0001-8009-8543
http://orcid.org/0000-0002-0321-7155
http://orcid.org/0000-0002-6794-3850
http://orcid.org/0000-0003-1328-3620
http://orcid.org/0000-0003-0631-8506
http://orcid.org/0000-0003-0651-1939
http://orcid.org/0000-0001-9501-4031
http://dx.doi.org/10.1136/jnnp-2023-332457
http://dx.doi.org/10.1136/jnnp-2023-332457
http://dx.doi.org/10.1136/jnnp-2023-332457
http://crossmark.crossref.org/dialog/?doi=10.1136/jnnp-2023-332457&domain=pdf&date_stamp=2024-01-18


2 De Santis F, et al. J Neurol Neurosurg Psychiatry 2024;0:1–11. doi:10.1136/jnnp-2023-332457

Cerebrovascular disease

International recommendations suggest ≥150 min per week 
of moderate activity or ≥75 min per week of vigorous activity 
to prevent all cardiovascular diseases, including stroke.6 
There is evidence of a dose–response effect of LTPA for the 
primary prevention of ischaemic stroke7; the higher level 
of LTPA provides the better prevention. However, a dose–
response effect of LTPA was found for stroke only, as the 
association between LTPA and cardiac disease is most likely 
U- shaped and too much LTPA might increase cardiovascular 
risk.8 Besides, despite the beneficial effects of PA on the risk 
of stroke and many other diseases, there are several reports 
showing that adequate levels of LTPA are not met by the 
general population.9 According to the American Heart Associ-
ation 2023 report, only one healthy adult out of four achieves 
the minimum LTPA level recommended by guidelines.10 The 
potential benefits of smaller than the recommended target 
amounts of LTPA is unclear. Previous systematic reviews 
compared moderate and high levels of PA to lower levels,3 4 
showing their protective role, but did not take into account 
low LTPA levels or inactivity. Demonstrating that also a low 
level of LTPA has a protective role against stroke is relevant 
for public health perspective as not all people can achieve 
moderate–high levels of LTPA because of psychophysical or 
social limitations. Besides, there are no thorough accounts 
on the association between LTPA levels and the risk of stroke 
subtypes—ischaemic or haemorrhagic—and on the modifying 
effect of age and sex.

The aim of the present systematic review and meta- analysis 
is to provide updated data on the effect of each level of 
LTPA compared with inactivity and to specifically address 
if low levels of LTPA can have a beneficial effect on stroke 
prevention. Additionally, the present study aimed to assess 
the effect of different levels of LTPA on stroke subtypes and 
to assess whether age and sex modify the association between 
LTPA and the risk of stroke.

MATERIALS AND METHODS
Search strategy and selection criteria
The present systematic review and meta- analysis followed the 
Preferred Reporting Items for Systematic reviews and Meta- 
Analyses (PRISMA)11 guidelines and the Cochrane Handbook 
for Systematic Reviews of Interventions.12 The protocol was 
registered in PROSPERO with code CRD42023425302. We 
formulated the clinical question and planned search strategy 
according to the Population–Intervention–Comparison–Out-
come scheme reported in table 1.

We made a literature search on articles published in English 
language up to 22 April 2023 on PubMed and Scopus, using 
these main keywords: ‘physical activity’ OR ‘exercise’ OR 
‘cardiorespiratory fitness’ OR ‘motor activity’ OR ‘leisure- 
time activity’ OR ‘physical conditioning’ AND ‘stroke’ OR 
‘cerebrovascular disease’ OR ‘cardiovascular disease’ AND 
‘cohort’.

We selected articles that fulfilled the following inclusion 
criteria: prospective cohort studies on a general adult healthy 
population, comparing, as exposure variable, different levels 
of PA to inactivity or insufficient LTPA, having as outcome 
the incidence of any type of stroke. LTPA could be reported 
through any validated method, from self- reported question-
naires to in- person interviews to wearable devices. Adjusted 
relative risk (RR) estimates and 95% CIs were required for 
inclusion. The exclusion criteria were wrong design (not 
cohort studies, not comparing exercise with no- less exer-
cise), wrong exposure (not physical exercise), wrong outcome 
(no stroke), wrong population (not general population) and 
wrong publication type (letters, editorials, comments, narra-
tive reviews). We excluded, for the quantitative meta- analysis, 
the studies that identified PA levels in tertiles, quartiles and 
quintiles. The main findings of those studies were reported 
as a qualitative synthesis. For clarity, we used throughout the 
text the term ‘articles’ referring to papers retrieved from the 
literature search and the terms ‘cohort’ or ‘cohort study’ or 
‘study’ when referring to the populations of subjects consid-
ered for quantitative (meta- analysis) or qualitative synthesis.

As a first step, four authors (RO, FDSantis, MF, FDScian-
calepore) independently screened for title and abstracts all the 
records, using Rayyan Systematic Reviews web- based tool.13 
Then the same authors selected the articles after examining 
the full text. Disagreements on eligibility were resolved by 
consensus among all the authors involved.

Quality assessment
The quality of the cohort studies included in meta- analyses 
was assessed with the ROBINS- I tool.14 According to the 
recommendations of the tool, we evaluated five aspects: 
confounding domains, selection criteria, classification of 
intervention, missing data and measurement outcome. By 
applying those criteria, the tool attributes low, moderate or 
high risk of bias to each of the considered studies.

Data extraction
Data extraction was conducted by two authors, independently 
and blinded and thereafter compared, (RO and MF) using an 
electronic spreadsheet with the following prespecified vari-
ables: first author’s name, publication year, country where 
the study was conducted, study period, number of subjects, 
months of follow- up, sex proportion, mean age, race/ethnicity, 
confounders considered for statistical adjustment, type of 
stroke (any, ischaemic, haemorrhagic) and effect sizes with 
95% CIs for each LTPA category. Cohort studies included in 
the articles were grouped across comparable definitions of 
LTPA, despite some slight discrepancies due to heterogenous 
methods of measure (most frequently American Heart Associ-
ation PA categories or the number of minutes/hours per week 
of moderate or vigorous intensity activity based on Metabolic 
Equivalent of Task) or cut- offs of PA intensity and frequency. 
We distinguished, in three subgroups of studies, up to five 
levels of LTPA comparing all of them to a reference level 
called ‘none’ corresponding to complete inactivity or very 
insufficient level (details in the online supplemental tables 
1–5). Cohort studies applying relative measures of LTPA—
tertiles, quartiles or quintiles—were excluded as those catego-
ries were not predefined and referred to the characteristics of 
each population, thus decreasing comparability.

When an article reported more than one analysis on the same 
cohort study, we included in meta- analyses all cohorts, provided 
that their populations did not overlap.

Table 1 Population–Intervention–Comparison–Outcome chart

Population General population/healthy subjects.

Intervention Physical activity/physical fitness/physical conditioning/motor 
activity/leisure- time activity/aerobic activity.

Comparison Inactivity/very low level.

Outcome Stroke/cerebrovascular diseases/ischaemic stroke/haemorrhagic 
stroke.
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Statistical analysis
Meta- analysis was performed according to random effects 
modelling15 to take into account unmeasured confounders and 
differences in setting across studies.

Heterogeneity across cohort studies was assessed with 
Cochrane’s Q statistics and I2 statistics.

Random effects models were used to estimate summary risk 
ratio (95% CIs) using Cochrane’s Review Manager (RevMan 
V.5.3) software and R studio V.4.2.2 (RStudio PBC) for meta- 
regression. Subgroup analysis was performed basing on the 
number of PA levels of intensity and stroke subtypes (ischaemic, 
haemorrhagic), when available. We classified the studies into 
three subgroups according to the number of LTPA categories 
(from three to five levels of LTPA intensity) according to the 
number of categories, irrespective of the definition of the different 
categories. Where applicable, we performed subgroup analyses 
according to stroke subtype (ischaemic and haemorrhagic).

Meta- regression was performed by grouping participants into 
three predefined activity strata: none, low to moderate and high 
or vigorous. Studies with three LTPA categories were all included 
in meta- regression, while those with four or five categories were 
included if three of those categories fit the definitions of ‘none’, 
‘low’ or ‘moderate’ and ‘high’ or ‘vigorous’, respectively. Age 
and gender were tested for their impact on the relationship 
between variables.

In addition to subgroup analyses by stroke subtype and meta- 
regression analyses, we performed sensitivity analyses grouping 
studies with homogeneous definitions of LTPA levels to consider 
the heterogeneity of those definitions. Where applicable, we 
also performed sensitivity analyses by excluding studies with 
moderate or high risk of bias.

Forest plot for meta- analyses were generated with Cochrane 
Review Manager, V.5.3, while meta- regression was performed 
with R statistical software (V.4.2.2).

RESULTS
Literature search
Our search identified a total of 3064 articles. After removal 
of duplicates, 2785 articles remained for title and abstract 
screening; 445 were eligible for full- text screening. After full- 
text assessment, 15 articles, on a total of 16 cohorts (because 
on 1 article reporting on 2 cohorts), were included in the meta- 
analyses; additionally, 6 articles were included in the qualitative 
analysis. Figure 1 shows the PRISMA flowchart for literature 
search.

The 16 cohorts selected for the meta- analysis included overall 
752 052 followed- up subjects, with a mean follow- up length 
of 125.7±77.5 months. 14 cohort studies reported cumulative 
RR data of any stroke16–29 either ischaemic or haemorrhagic; 3 
cohort studies reported the RR for ischaemic17 25 30 and 2 the 
RR for haemorrhagic stroke.17 25 The main characteristics of 
the cohort studies reporting stroke incidence are summarised in 
table 2 (details on the comparison of different levels of LTPA 
in each subgroup of cohort studies are accessible in the online 
supplemental tables 1–5). Notably, all cohort studies included 
in meta- analyses measured LTPA with self- report questionnaires, 
while two studies21 23 performed in- person interviews to ascer-
tain LTPA levels. All studies included in meta- analyses used 
self- reported measures of LTPA; only one study31, which was 
included in the qualitative synthesis as it contained data strati-
fied in tertiles, used an accelerometer as an objective measure of 
LTPA. Among the 15 articles included in the meta- analysis, we 
judged 4 (26.6%)16 17 19 22 to be at moderate risk of bias, while 
no article was at high risk of bias. We judged the remaining to be 
at low risk of bias (figure 2).

In table 3, we summarised the characteristics of the articles 
included in the qualitative synthesis.

Figure 1 Flow chart of the systematic review process of study selection. LTPA, leisure- time physical activity.

https://dx.doi.org/10.1136/jnnp-2023-332457
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Meta-analysis of risk of any stroke: studies with three LTPA 
levels
Five studies16 17 19 23 25 26 identified three levels of LTPA (none, 
below target and ideal). As compared with no LTPA, below 
target LTPA had a pooled RR for any stroke of 0.82 (95% CI 
0.75 to 0.88; I2=16%, not important heterogeneity) and ideal 
LTPA had a pooled RR for any stroke of 0.71 (95% CI 0.58 to 
0.86; I2=81%, considerable heterogeneity) (figure 3).

Meta-analysis of risk of any stroke: studies with four LTPA 
levels
Six studies18 20 21 24 27 28 identified four levels of LTPA (none, 
low, moderate and intense). As compared with no LTPA, low 
LTPA had a pooled RR of any stroke of 0.76 (95% CI 0.63 to 
0.90; I2=77%, considerable heterogeneity), moderate LTPA had 
a pooled RR of 0.73 (95% CI 0.62 to 0.87; I2=73%, consider-
able heterogeneity) and intense LTPA a pooled RR of 0.75 (95% 
CI 0.61 to 0.92; I2=78%, considerable heterogeneity) for any 
stroke (figure 4).

Meta-analysis of risk of any stroke: studies with five LTPA 
levels
Two studies22 29 identified five levels of LTPA (none, insuf-
ficient, low, moderate and intense). As compared with no 
LTPA, insufficient LTPA had a pooled RR of 0.89 (95% 
CI 0.79 to 1.0; I2=0%, not important heterogeneity) with 
limited statistical significance, low LTPA had a pooled RR of 
0.87 (95% CI 0.77 to 0.98; I2=0%, not important heteroge-
neity), moderate LTPA had a pooled RR of 0.71 (95% CI 0.58 

to 0.88; I2=0%, not important heterogeneity) and intense 
LTPA a pooled RR of 0.98 (95% CI 0.73 to 1.32; I2=12%, 
not important heterogeneity) for any stroke compared with 
no LTPA (figure 5).

Meta-analysis of risk of ischaemic stroke
Three studies17 25 30 reported the risk of ischaemic stroke with 
three levels of LTPA. As compared with no LTPA, below target 
LTPA had a pooled RR of 0.87 (95% CI 0.80 to 0.95; I2=0%, 
not important heterogeneity) and ideal LTPA had a pooled RR 
of 0.80 (95% CI 0.64 to 1.01; I2=71%, considerable heteroge-
neity) (figure 6).

Meta-analysis of risk of haemorrhagic stroke
Two studies17 25 reported the risk of haemorrhagic stroke with 
three levels of LTPA. As compared with no LTPA, below target 
LTPA had a pooled RR of 0.84 (95% CI 0.68 to 1.04; I2=12% not 
important heterogeneity) and ideal LTPA ha a pooled RR of 0.87 
(95% CI 0.72 to 1.04, I2=0%, not important heterogeneity) 
compared with no LTPA (figure 7).

Qualitative synthesis risk of any stroke in studies with more 
than five categories
Only one study32 reported six LTPA categories and was not 
included in meta- analyses. The characteristics of the study are 
reported in online supplemental table 6). Overall, the study 
showed a significant effect of LTPA on stroke prevention only in 
the highest category (online supplemental table 6).

Figure 2 Data on the risk of bias judgment in each domain for the outcome of stroke. 
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Qualitative synthesis of studies reporting relative measures 
of LTPA (tertiles, quartiles, quintiles)
The characteristics of studies reporting LTPA according to 
relative measures—tertiles,3133 34 quartiles33 and quintiles20—
are reported in online supplemental tables 7–9. Evidence from 
studies was conflicting. None of the cohorts clearly found a 
dose–dependent relationship between the levels of LTPA and 
the decrease in the risk of stroke (online supplemental tables 
7–9).

Qualitative synthesis of studies reporting the risk of stroke 
according to the weekly frequency of LTPA
Two studies reported the risk of stroke according to LTPA 
weekly frequency,35 36 without information on the total duration 
(online supplemental table 10). The results of those two studies 
could not be pooled in a meta- analysis due to differences in the 
reporting of frequency of LTPA. No clear weekly frequency 
pattern of LTPA was associated with a more relevant decrease in 
the risk of stroke, all patterns had a comparable protective effect 
on stroke incidence, compared with no LTPA (online supple-
mental table 10).

Meta-regression
Meta- regression analysis revealed no impact of age on the 
advantage of moderate versus no exercise (pmeta- regression=0.5) and 
high versus moderate exercise in terms of incident stroke (pmeta- 

regression=0.4) . The male/female ratio did not impact the benefit of 
activity (pmeta- regression=0.6 for moderate vs none, pmeta- regression=0.5 
for high vs moderate) (see online supplemental figure 1).

Sensitivity analyses
The sensitivity analysis, grouping studies with homogeneous 
definitions of LTPA, could be applicable to studies with three 
levels of LTPA. It showed similar point estimates to those 
derived in the main analysis and confirmed the advantage of 

any LTPA level over none LTPA for the risk of stroke (online 
supplemental figure 2).

The sensitivity analysis by excluding studies with moderate 
risk of bias was possible only for studies with three LTPA 
categories. Studies with four categories of LTPA all had a 
low risk of bias, while among those with five categories of 
LTPA one had a low risk and the other a moderate risk of 
bias, thus preventing the possibility of a sensitivity analysis. 
The analysis excluding studies with moderate risk of bias did 
not change the direction of association between LTPA levels 
and the risk of stroke (online supplemental figure 3).

DISCUSSION
The main finding of our systematic review and meta- analysis of 
prospective cohort studies is that all levels of LTPA, irrespective 
of categorisation across different studies, were associated with 
a reduced risk of stroke (in the range of 18% to 29% lower 
risk) as compared with no activity. It is worth noting that even 
low levels of LTPA resulted in reduced stroke risk and that the 
effect of LTPA on primary stroke prevention was independent 
of age and sex. These findings have important implications and 
allow to conclude that LTPA is an effective measure to prevent 
stroke and that even a very low level of LTPA is better than being 
completely inactive.

According to global reports, more than one quarter of the 
world population is physically inactive,37 38 contributing to 
about 8% of global mortality.39 In this context, campaigns 
such as Life’s Essential 838 40 are important to favour a healthy 
lifestyle in the population, including an adequate level of PA. 
However, there is no consensus about the minimum level of 
LTPA helpful to decrease the risk of stroke in the long term. 
This information would be relevant for individuals affected by 
socioeconomical, psychological and physical limitations in their 
PA capacity. According to the results of our systematic review 
and meta- analysis, even small amounts of LTPA are able to 
decrease the risk for stroke in the long term, even if we did not 

Figure 3 Forest plots of the pooled risk ratio for any stroke, from the three LTPA levels studies, comparing below target and ideal LTPA versus none. NR, 
not reported; LTPA, leisure- time physical activity.

https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
https://dx.doi.org/10.1136/jnnp-2023-332457
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make a network meta- analysis between different levels, there-
fore allowing an extended recommendation of being as active 
as possible only for individuals who cannot attain the recom-
mended levels of LTPA, without falling in the mistake of encour-
aging to practice the slightest useful activity in sedentary people.

Our results are in line with a key principle of the 2020 
WHO evidence- based recommendations for PA,41 that is, 
that some PA is better than none. The same recommen-
dations underlined some knowledge gaps, including the 
precise shape of the dose–response curve between PA and 
health outcomes, the health benefits of light- intensity PA 
and the health effects of different types and domains of 
PA.42 In that regard, we aimed at quantifying the contribu-
tion of low levels of LTPA in decreasing the risk of stroke. 
We could not retrieve the shape of any dose–response curve 
of LTPA in relation to stroke risk as data from the retrieved 
studies did not allow such an estimate. A dose–response 
curve was retrieved, with some approximation estimating 
both occupational and recreational activity, by a previous 
meta- analysis of the Global Burden of Disease on the risk of 
ischaemic stroke and other diseases.7 That previous meta- 
analysis concluded that increasing levels of total daily PA 
are associated with decreasing risk of ischaemic stroke. 
However, small amounts of PA were associated with a steep 

decrease in the risk of ischaemic stroke, while the decrease 
was less pronounced with higher amounts of PA.7

Our systematic review also included two studies35 36 that 
reported the association between the frequency of LTPA and the 
risk of stroke. There is much debate about the best pattern of PA 
that can prevent disease and mortality. The findings of the two 
included studies,35 36 which reported that stroke is prevented by 
LTPA of any frequency, are in line with previous studies that 
found that a ‘weekend warrior’ pattern of PA—ie, infrequent 
and intense—was associated with disease prevention as well as a 
more distributed PA pattern.43

Our analyses also addressed the effect of sex and age 
on the relationship between LTPA and the risk of stroke. 
Interestingly, there is a gender imbalance in LTPA levels, in 
that women are usually less active than men.44 Our meta- 
regression analysis found that the preventive activity of 
LTPA over the risk of stroke was independent of sex. There-
fore, our results strengthen the importance of promoting 
any level of PA to reduce the risk of stroke in both sexes. We 
also found that the preventive effect of LTPA on the risk of 
stroke was independent of age, which suggests that LTPA is 
beneficial for stroke prevention at any age.

Our systematic review and meta- analysis included a large 
number of individuals from studies that were strictly selected 

Figure 4 Forest plots of the pooled risk ratio of any stroke comparing, from the four LTPA levels studies, low, moderate and intense PA versus none PA. 
NR, not reported; LTPA, leisure- time physical activity.
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to represent the general population. A few studies discrim-
inated between stroke subtypes, the meta- analysis showed 
a protective role of two levels of LTPA against ischaemic 
and haemorrhagic stroke, despite it is supposable that LTPA 
affects haemorrhagic and ischaemic stroke differently, due 
to different aetiologies. Besides, to our knowledge, this one 
of the first meta- analysis that consider the risk of haemor-
rhagic stroke in relation to LTPA. Indeed, a previous work,45 
matching both cohort and case–control studies, also found 
that the protective effects of PA were similar in both haem-
orrhagic and ischaemic stroke.

We recognise that our study has several limitations. 
Studies were included based on the number of categories 
of LTPA, regardless of their specific definitions which were 
highly heterogeneous about unit measure types and cut- 
off. Methods for reporting LTPA levels were also hetero-
geneous: under the term ‘none’ we included also minimal 
levels for some studies,18 21 24 26 not reporting a true ‘none’ 
level; only one study28 reported a cumulative index on 
both LTPA and occupational PA. Most cohort studies in the 
meta- analysis only (13/16) used periodic self- report ques-
tionnaires during follow- up, while only two used interviews 

Figure 5 Forest plot of the pooled risk ratio of any stroke comparing, from the five LTPA levels studies, insufficient, light, high, very high LTPA versus none 
LTPA. NR, not reported; LTPA, leisure- time physical activity.

Figure 6 Forest plot of the pooled risk ratio of ischaemic stroke comparing in two levels below target and ideal LTPA versus none LTPA and ideal LTPA 
versus none. NR, not reported; LTPA, leisure- time physical activity.
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and none confirmed self- reports with objective methods, 
thus exposing to recall bias. Only one study31, included in 
the qualitative synthesis, used an accelerometer, as objec-
tive method to measure total light- intensity physical activity 
and total moderate- to- vigorous intensity PA, concluding 
that both levels of PA were significantly and independently 
associated with a reduction in the risk of incident stroke 
compared with sedentary behaviour. Besides, stroke 
outcomes were adjudicated by experts in only 10 out of 
16 studies (table 2). Many studies were also excluded from 
meta- analyses because they reported LTPA with relative 
measures such as tertiles, quartiles and quintiles that were 
not prespecified. Together with statistical heterogeneity, 
clinical and methodological heterogeneity of the included 
studies were also high, due to the different population size, 
race/ethnicity, age ranges, sex prevalence and lengths of 
follow- up. We focused on studies reporting LTPA, while 
other types of PA can influence the risk of stroke, including 
occupational PA which is more difficult to measure and 
standardise objectively. In the future, it will be interesting 
to collect comprehensive data on all types of PA from wear-
able devices,46 increasingly used in the general population 
and probably capable to promote people’s propensity to 
higher exercise levels.47 Therefore, we could not fill one of 
the knowledge gaps of the WHO recommendations, which 
asked for a more complete assessment of the different types 
of PA.42 Lastly, while we could perform some subgroup anal-
yses and meta- regressions, we could not perform analyses 
on race/ethnicity due to the small number of studies with 
available data. Therefore, we could not assess one of the 
possible disparities in the relationship between LTPA and 
stroke.

In conclusion, although limited by methodological hetero-
geneity between the studies, our results, including updated 
data from the most recent studies, demonstrated that each 
level of recreational PA could be protective against stroke 
(considering also the ischaemic and haemorrhagic subtypes) 
as a non- pharmacological primary preventive measure, 
suggesting that even small amounts of LTPA can prevent 
stroke in the long term and that the effect of LTPA is inde-
pendent of sex and age. Our data encourage campaigns to 
overcome sedentary lifestyle and to strive to do the best 
level of LTPA that people can achieve according to their 
possibilities, an approach that will pay in terms of stroke 
prevention even if LTPA goals are met only in part.
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