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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%
Cl=0.58 to 0.86).

Lower levels of LTPA also mitigated stroke risk in studies
reporting on four (n=6; RR=0.73, 95% C1=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 burden'; 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
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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.

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).>™
There is a clear benefit of moderate-high level
of LTPA to prevent both stroke incidence and
mortality.* 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.> * 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.” PA
has been also shown to have indirect beneficial
effects by counteracting common cardiovascular
risk factors such as hypertension, dyslipidaemia,
diabetes and obesity.
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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.®
There is evidence of a dose-response effect of LTPA for the
primary prevention of ischaemic stroke’; 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.® 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.” According to the American Heart Associ-
ation 2023 report, only one healthy adult out of four achieves
the minimum LTPA level recommended by guidelines.'® 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,® *
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)'! guidelines and the Cochrane Handbook
for Systematic Reviews of Interventions.'> 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’.

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.

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% ClIs 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."
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.'* 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% ClIs 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.
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Statistical analysis

Meta-analysis was performed according to random effects
modelling® to take into account unmeasured confounders and
differences in setting across studies.

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

Random effects models were used to estimate summary risk
ratio (95% ClIs) 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).

Records identified through
database searching (n=3064):

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
752052 followed-up subjects, with a mean follow-up length
of 125.7+77.5 months. 14 cohort studies reported cumulative
RR data of any stroke'®? either ischaemic or haemorrhagic; 3
cohort studies reported the RR for ischaemic'” % *° and 2 the
RR for haemorrhagic stroke.'” ** 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 studies® **
tain LTPA levels. All studies included in meta-analyses used
self-reported measures of LTPA; only one study®', 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 (26.69%)' "7 1?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.

performed in-person interviews to ascer-
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- Wrong design (not cohort studies, not comparing
exercise with no-less exercise) n=17
- Wrong exposure (not physical exercise): n=56
- Wrong outcome (no stroke): n=264
- Wrong population (not general population): n=51
- Wrong publication type (letters, editorials
comments, narrative reviews): n=24
- Others: n=10 (not found)

synthesis (n=21)

v
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Figure 1

A 4

Articles excluded from meta-analysis (n= 6):
- Reporting LTPA as six categories n=1
- Reporting LTPA as tertiles, quartiles, quintiles n=3
- Reporting LTPA as frequency n=2

Flow chart of the systematic review process of study selection. LTPA, leisure-time physical activity.
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Figure 2 Data on the risk of bias judgment in each domain for the outcome of stroke.

Selection of
participants

Author (ref) Confounding

Domains

Bell et al.*¢, 2013

Cao et al.'’, 2021
Chomistek et al.’8, 2018
Haheim et al.*®, 1993
Hamer et al.?°, 2018
Huerta et al.?!, 2013
Jefferis et al.?, 2014
Kulshreshtha et al.?3, 2013

Liu et al.?*, 2020

Motamed_Gorji et al.?,
2022

Nagata et al.?®, 2022

Soares-Miranda et al.?’,
2015

Tikk et al.?8, 2014
Willey et al.>°, 2009

Zhao et al.??, 2020
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Figure 2 Data on the risk of bias judgment in each domain for the outcome of stroke.

Meta-analysis of risk of any stroke: studies with three LTPA
levels

Five studies'®” 1232526 jdentified 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; ’=169%, not important heterogeneity) and ideal
LTPA had a pooled RR for any stroke of 0.71 (95% CI 0.58 to
0.86; I*=81%, considerable heterogeneity) (figure 3).

Meta-analysis of risk of any stroke: studies with four LTPA
levels

Six studies'® 20 2! 242728 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; I*=77%, considerable heterogeneity), moderate LTPA had
a pooled RR of 0.73 (95% CI 0.62 to 0.87; I?’=73%, consider-
able heterogeneity) and intense LTPA a pooled RR of 0.75 (95%
CI 0.61 to 0.92; I*=78%, considerable heterogeneity) for any
stroke (figure 4).

Meta-analysis of risk of any stroke: studies with five LTPA
levels

Two studies 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; ’=0%, not important heterogeneity) with
limited statistical significance, low LTPA had a pooled RR of
0.87 (95% CI 0.77 to 0.98; [*=0%, not important heteroge-
neity), moderate LTPA had a pooled RR of 0.71 (95% CI 0.58

2229

to 0.88; 1*’=0%, not important heterogeneity) and intense
LTPA a pooled RR of 0.98 (95% CI 0.73 to 1.32; I’=12%,
not important heterogeneity) for any stroke compared with
no LTPA (figure 5).

Meta-analysis of risk of ischaemic stroke

Three studies'” % *° 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; I*°=0%,
not important heterogeneity) and ideal LTPA had a pooled RR
of 0.80 (95% CI 0.64 to 1.01; I*=71%, considerable heteroge-
neity) (figure 6).

Meta-analysis of risk of haemorrhagic stroke

Two studies'” #* 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; I*=12% not
important heterogeneity) and ideal LTPA ha a pooled RR of 0.87
(95% CI 0.72 to 1.04, I*=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 study®* 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).
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Cerebrovascular disease
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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.

Qualitative synthesis of studies reporting relative measures
of LTPA (tertiles, quartiles, quintiles)

The characteristics of studies reporting LTPA according to
relative measures—tertiles,*** 3* quartiles® and quintiles**—
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,® 3¢ 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 (p, ..., =0-5) and
high versus moderate exercise in terms of incident stroke (p,_
egression— 0+4) - The male/female ratio did not impact the benefit of
activity (p =0.6 for moderate vs none, p =0.5

meta-regression meta-regression

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,”” *® contributing to
about 8% of global mortality.®® In this context, campaigns
such as Life’s Essential 8°®** 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
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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.

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,*' 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.*? 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.” 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.”

Our systematic review also included two studies 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,* *® 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.*

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.** 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

35 36
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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.

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,*’
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,'® *' 2* 2 not reporting a true ‘none’
level; only one study®® 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
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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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Figure 7
reported; LTPA, leisure-time physical activity.

and none confirmed self-reports with objective methods,
thus exposing to recall bias. Only one study’, 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,*® increasingly used in the general population
and probably capable to promote people’s propensity to
higher exercise levels.*” 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.** 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.

Favours [Ideal LTPA] Favours [Mone LTPA]

Forest plot of the pooled risk ratio of haemorrhagic stroke comparing, in two levels, below target and ideal LTPA versus none LTPA. NR, not

Twitter Federico De Santis @fededs00, Michele Romoli @MicheleRomoli, Matteo
Foschi @mattfos89, Lucio D'Anna @luciodanna2, Lorenzo Barba @lorbarba, Samir
Abu-Rumeileh @s_rumeileh, Simona Sacco @Simona_Sacco_ and Raffaele Ornello
@RaffaeleOrnello

Contributors RO conceived the study, supervised the overall work and is
responsible for the overall content as guarantor. FDSantis, RO, MR, LD and MF
drafted the manuscript and created tables and figures. RO, FDSantis, MF and
FDSciancalepore contributed to the search process, data extraction and synthesis.
FDSantis, MR, MF and RO performed the statistical analyses. FDSantis, LD, SA-R, LB
and SS revised the manuscript for intellectual content. All authors read and approved
the final version of the manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests RO reports grants from Novartis and Allergan;
compensation from Teva Pharmaceutical Industries, Eli Lilly and Company, Pfizer
and Novartis for other services. SS reports compensations from Novartis, Nordisk,
Allergan, AstraZeneca, Pfizer Canada, Eli Lilly and Company, Teva Pharmaceutical
Industries, H. Lundbeck A/S and Abbot Canada for consultant services; employment
by University of L'Aquila. The other authors have no conflicting interests relevant to
the manuscript.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
are available upon reasonable request to the corresponding author.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Federico De Santis http://orcid.org/0000-0002-8059-6427
Michele Romoli http://orcid.org/0000-0001-8009-8543
Matteo Foschi http://orcid.org/0000-0002-0321-7155

Lucio D'Anna http://orcid.org/0000-0002-6794-3850
Lorenzo Barba http://orcid.org/0000-0003-1328-3620
Samir Abu-Rumeileh http://orcid.org/0000-0003-0631-8506
Simona Sacco http://orcid.org/0000-0003-0651-1939
Raffaele Ornello http://orcid.org/0000-0001-9501-4031

REFERENCES
1 GDB. 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.
2 Strath SJ, Kaminsky LA, Ainsworth BE, et al. Guide to the assessment of physical
activity: clinical and research applications. Circulation 2013;128:2259-79.

10

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


https://twitter.com/fededs00
https://twitter.com/MicheleRomoli
https://twitter.com/mattfos89
https://twitter.com/luciodanna2
https://twitter.com/lorbarba
https://twitter.com/s_rumeileh
https://twitter.com/Simona_Sacco_
https://twitter.com/RaffaeleOrnello
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/10.1161/01.cir.0000435708.67487.da

Cerebrovascular disease

3

4

20

21

22

23

24

25

Li J, Siegrist J. Physical activity and risk of cardiovascular disease-a meta-analysis of
prospective cohort studies. Int J Environ Res Public Health 2012;9:391-407.

Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a meta-analysis. Stroke
2003;34:2475-81.

Di Raimondo D, Rizzo G, Musiari G, et al. Role of regular physical activity in
neuroprotection against acute ischemia. Int J Mol Sci 2020;21.

Arnett DK, Blumenthal RS, Albert MA, et al. ACC/AHA guideline on the primary
prevention of cardiovascular disease: executive summary: a report of the American
college of cardiology/American Heart Association task force on clinical practice
guidelines. JAm Coll Cardiol 2019;74:1376-414.

Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk of breast cancer,
colon cancer, diabetes, ischemic heart disease, and ischemic stroke events: systematic
review and dose-response meta-analysis for the global burden of disease study 2013.
BMJ 2016;354:i3857.

Merghani A, Malhotra A, Sharma S. The U-shaped relationship between exercise and
cardiac morbidity. Trends Cardiovasc Med 2016;26:232—-40.

Katzmarzyk PT, Gledhill N, Shephard RJ. The economic burden of physical inactivity in
Canada. Cmaj 2000;163:1435-40.

Tsao CW, Aday AW, Almarzooq Z|, et al. Heart disease and stroke statistics—2023
update: a report from the American Heart Association. Circulation
2023;147:e93-621.

Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Ann Intern Med 2009;9:w64.

Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews
of Interventions. Chichester (UK): John Wiley & Sons, 2019.

Ouzzani M, Hammady H, Fedorowicz Z, et al. Rayyan—a web and mobile app for
systematic reviews. Syst Rev 2016,5:210.

Sterne JA, Herndn MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ 2016;355:14919.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7:177-88.

Bell £J, Lutsey PL, Windham BG, et a/. Physical activity and cardiovascular disease

in African Americans in atherosclerosis risk in communities. Med Sci Sports Exerc
2013;45:901-7.

Cao Z, Li S, Yang H, et al. Associations of behaviors, biological phenotypes and
cardiovascular health with risks of stroke and stroke subtypes: a prospective cohort
study. EClinicalMedicine 2021;33:100791.

Chomistek AK, Cook NR, Rimm EB, et al. Physical activity and incident cardiovascular
disease in women: is the relation modified by level of global cardiovascular risk? / Am
Heart Assoc 2018;7:e008234.

Haheim LL, Holme I, Hjermann 1, et al. Risk factors of stroke incidence and mortality. A
12-year follow-up of the Oslo study. Stroke 1993;24:1484-9.

Hamer M, O'Donovan G, Stamatakis E. Association between physical activity and
sub-types of cardiovascular disease death causes in a general population cohort. Eur J
Epidemiol 2019;34:483-7.

Huerta JM, Chirlaque M-D, Tormo M-J, et al. Physical activity and risk of
cerebrovascular disease in the European prospective investigation into cancer and
nutrition-Spain study. Stroke 2013;44:111-8.

Jefferis BJ, Whincup PH, Papacosta O, et al. Protective effect of time spent walking on
risk of stroke in older men. Stroke 2014;45:194-9.

Kulshreshtha A, Vaccarino V, Judd SE, et al. Life's simple 7 and risk of incident

stroke: the reasons for geographic and racial differences in stroke study. Stroke
2013;44:1909-14.

Liu Q, Liu F-C, Huang K-Y, et al. Beneficial effects of moderate to vigorous

physical activity on cardiovascular disease among Chinese adults. J Geriatr Cardiol
2020;17:85-95.

Motamed-Gorji N, Hariri S, Masoudi S, et a/. Incidence, early case fatality and
determinants of stroke in Iran: Golestan cohort study. J Stroke Cerebrovasc Dis
2022;31:106658.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

44

45

46

Nagata JM, Vittinghoff E, Gabriel KP, et a/. Physical activity from young adulthood to
middle age and premature cardiovascular disease events: a 30-year population-based
cohort study. Int J Behav Nutr Phys Act 2022;19:123.

Soares-Miranda L, Siscovick DS, Psaty BM, et a/. Physical activity and risk of coronary
heart disease and stroke in older adults: the cardiovascular health study. Circulation
2016;133:147-55.

Tikk K, Sookthai D, Monni S, et a/. Primary preventive potential for stroke by
avoidance of major lifestyle risk factors: the European prospective investigation into
cancer and nutrition-Heidelberg cohort. Stroke 2014;45:2041-6.

Zhao H, Zhang X-N, Shi Z, et al. Association of level of leisure-time physical activity
with risks of all-cause mortality and cardiovascular disease in an elderly Chinese
population: a prospective cohort study. J Geriatr Cardiol 2020;17:628-37.

Willey JZ, Moon YP, Paik MC, et al. Physical activity and risk of ischemic stroke in the
northern Manhattan study. Neurology 2009;73:1774-9.

Hooker SP, Diaz KM, Blair SN, et al. Association of accelerometer-measured sedentary
time and physical activity with risk of stroke among US adults. JAMA Netw Open
2022;5:2215385.

Wannamethee G, Shaper AG. Physical activity and stroke in British middle aged men.
BMJ 1992;304:597-601.

MacDonald CJ, Madika A-L, Gomes R, et al. Physical activity and stroke among
women — a non-linear relationship. Prev Med 2021;150:106485.

Hummel M, Hantikainen E, Adami H-O, et al. Association between total and leisure
time physical activity and risk of myocardial infarction and stroke - a Swedish cohort
study. BMC Public Health 2022;22:532.

KimY, Sharp S, Hwang S, et a/. Exercise and incidence of myocardial infarction, stroke,
hypertension, type 2 diabetes and site-specific cancers: prospective cohort study of
257854 adults in South Korea. BMJ Open 2019;9:€025590.

Jeong H, Kim DY, Kang D, et al. Physical activity frequency and the risk of stroke: a
nationwide cohort study in Korea. JAHA 2017;6.

Katzmarzyk PT, Powell KE, Jakicic JM, et al. And health: update from the 2018 physical
activity guidelines advisory committee. Med Sci Sports Exerc 2019;51:1227-41.
Lloyd-Jones DM, Allen NB, Anderson CAM, et al. Life's essential 8: updating

and enhancing the American Heart Association’s construct of cardiovascular

health: a presidential advisory from the American Heart Association. Circulation
2022;146:618-43.

Guthold R, Stevens GA, Riley LM, et al. Worldwide trends in insufficient physical
activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with
1-9 million participants. Lancet Glob Health 2018;6:1077-86.

Lear SA, HuW, Rangarajan S, et al. The effect of physical activity on mortality and
cardiovascular disease in 130 000 people from 17 high-income, middle-income, and
low-income countries: the PURE study. Lancet 2017;390:2643-54.

Bull FC, Al-Ansari SS, Biddle S, et al. World health organization 2020 guidelines on
physical activity and sedentary behaviour. Br J Sports Med 2020;54:1451-62.
DiPietro L, Al-Ansari SS, Biddle SJH, et al. Advancing the global physical activity
agenda: recommendations for future research by the 2020 WHO physical activity
and sedentary behavior guidelines development group. Int J Behav Nutr Phys Act
2020;17:143.

Dos Santos M, Ferrari G, Lee DH, et al. Association of the "weekend warrior and other
leisure-time physical activity patterns with all-cause and cause-specific mortality: a
nationwide cohort study. JAMA Intern Med 2022;182:840-8.

Centers for Disease Control and Prevention and National Center for Health Statistics.
National health interview survey: public-use data files and documentation. Available:
https://www.cdc.gov/nchs/nhis/index.htm [Accessed 18 Mar 2022].

Wendel-Vos GCW, Schuit A, Feskens EJM, et al. Physical activity and stroke. A meta-
analysis of observational data. Int J Epidemiol 2004,33:787-98.

Chan A, Chan D, Lee H, et al. Reporting adherence, validity and physical activity
measures of wearable activity trackers in medical research: a systematic review. Int J
Med Inform 2022;160:104696.

Hodkinson A, Kontopantelis E, Adeniji C, et al. Interventions using Wearable physical
activity Trackers among adults with Cardiometabolic conditions: A systematic review
and meta-analysis. JAMA Netw Open 2021;4:e2116382.

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


http://dx.doi.org/10.3390/ijerph9020391
http://dx.doi.org/10.1161/01.STR.0000091843.02517.9D
http://dx.doi.org/10.1016/j.jacc.2019.03.009
http://dx.doi.org/10.1136/bmj.i3857
http://dx.doi.org/10.1016/j.tcm.2015.06.005
http://dx.doi.org/10.1161/CIR.0000000000001123
http://dx.doi.org/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1136/bmj.i4919
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.1249/MSS.0b013e31827d87ec
http://dx.doi.org/10.1016/j.eclinm.2021.100791
http://dx.doi.org/10.1161/JAHA.117.008234
http://dx.doi.org/10.1161/JAHA.117.008234
http://dx.doi.org/10.1161/01.str.24.10.1484
http://dx.doi.org/10.1007/s10654-018-0460-2
http://dx.doi.org/10.1007/s10654-018-0460-2
http://dx.doi.org/10.1161/STROKEAHA.112.670612
http://dx.doi.org/10.1161/STROKEAHA.113.002246
http://dx.doi.org/10.1161/STROKEAHA.111.000352
http://dx.doi.org/10.11909/j.issn.1671-5411.2020.02.001
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2022.106658
http://dx.doi.org/10.1186/s12966-022-01357-2
http://dx.doi.org/10.1161/STROKEAHA.114.005025
http://dx.doi.org/10.11909/j.issn.1671-5411.2020.10.003
http://dx.doi.org/10.1212/WNL.0b013e3181c34b58
http://dx.doi.org/10.1136/bmj.304.6827.597
http://dx.doi.org/10.1016/j.ypmed.2021.106485
http://dx.doi.org/10.1186/s12889-022-12923-5
http://dx.doi.org/10.1136/bmjopen-2018-025590
http://dx.doi.org/10.1161/JAHA.117.005671
http://dx.doi.org/10.1249/MSS.0000000000001935
http://dx.doi.org/10.1161/CIR.0000000000001078
http://dx.doi.org/10.1016/S2214-109X(18)30357-7
http://dx.doi.org/10.1016/S0140-6736(17)31634-3
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1186/s12966-020-01042-2
http://dx.doi.org/10.1001/jamainternmed.2022.2488
https://www.cdc.gov/nchs/nhis/index.htm
http://dx.doi.org/10.1093/ije/dyh168
http://dx.doi.org/10.1016/j.ijmedinf.2022.104696
http://dx.doi.org/10.1016/j.ijmedinf.2022.104696

	Risk of stroke with different levels of leisure-­time physical activity: a systematic review and meta-­analysis of prospective cohort studies
	Abstract
	Introduction﻿﻿
	Materials and methods
	Search strategy and selection criteria
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Literature search
	Meta-analysis of risk of any stroke: studies with three LTPA levels
	Meta-analysis of risk of any stroke: studies with four LTPA levels
	Meta-analysis of risk of any stroke: studies with five LTPA levels
	Meta-analysis of risk of ischaemic stroke
	Meta-analysis of risk of haemorrhagic stroke
	Qualitative synthesis risk of any stroke in studies with more than five categories
	Qualitative synthesis of studies reporting relative measures of LTPA (tertiles, quartiles, quintiles)
	Qualitative synthesis of studies reporting the risk of stroke according to the weekly frequency of LTPA
	Meta-regression
	Sensitivity analyses

	Discussion
	References


