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Abstract

Objective: The protective effect of physical activity (PA) on risk of stroke remains controversial as a result of lack
of insight into the sources of heterogeneity between studies. We performed a comprehensive meta-analysis of
studies to (1) quantify the association between PA level and risk of stroke outcomes and (2) test the hypothesis
that the association of PA level with stroke outcomes will be similar between men and women. The outcome
measures are stroke incidence, stroke mortality, or both.

Methods: Cohort studies were identified by searching MEDLINE and EMBASE (from 1986 to 2005) and meta-
analysis conducted according to meta-analysis of Observational Studies in Epidemiology (MOOSE) group
recommendations. Data were reported as pooled relative risk (RR) and 95% confidence intervals (CI) using
random-effects models to assess the association of stroke outcomes with PA level. Heterogeneity was investi-
gated, and sensitivity analysis was performed. Stratified analysis by gender was performed.

Results: Of 992 articles, 13 satisfied all eligibility criteria and were studied. Compared with low PA, moderate
PA caused an 11% reduction in risk of stroke outcome (RR =0.89, 95% CI 0.86-0.93, p < 0.01) and high PA a 19%
reduction (RR=0.81, CI 0.77-0.84, p < 0.01). Among the men, results showed a 12% reduction in risk associated
with moderate PA (RR=0.88, CI 0.82-0.94, p < 0.01) and 19% reduction for high PA (RR=0.81, CI 0.75-0.87,
p <0.01). Among the women, results showed a 24% reduction in risk for high PA (RR=0.76, CI 0.64-.89,
p <0.01). There was, however, no significant risk reduction associated with a moderate PA level in women.
Conclusions: Increased PA level appears beneficial in reduction of risk of stroke and related outcomes. However,
higher levels of PA may be required in women to achieve as significant a risk reduction as in men. An exercise
regimen tailored to women to improve related physiological mechanisms will likely be beneficial.

Introduction and nutritious low-salt and low-fat diets (particularly diets

low in cholesterol and saturated fats), have been investigated

THERE IS AMPLE EPIDEMIOLOGICAL EVIDENCE indicating
stroke as the third leading cause of long-term disability
and death in the United States and other industrialized
countries.'™ The condition can cause severe physical and
mental impairment1 resulting in extended hospitalizations,
long-term care for patients, and the associated significant
productivity and economic losses.” Although patients suf-
fering from acute ischemic stroke may be candidates for
thrombolytic drugs, there are currently no large treatment
effects for most cases of stroke.’ Hypertension and cardiac
disease are among the primary risk factors for stroke out-
comes. Preventive measures, such as physical activity (PA)

and established to reduce the risk of hypertension and coro-
nary heart disease (CHD).

Fewer studies, however, have investigated the relationship
between PA and stroke outcomes,* 2! with conflicting and
controversial conclusions. Whereas some of these studies re-
ported an inverse association between PA and stroke out-
comes,*”!1%1? others showed no significant or demonstrated
positive associations.""'”'* Agnarsson et al.,® for example,
showed intense PA to be protective in men >40 years of age
but not in younger men. To add to the controversy, other
studies showed moderate or intense PA to be protective
against stroke in men but not in women.'® To the best of our
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knowledge, there is no meta-analysis that investigated if men
and women would require a similar level of PA to achieve
significant stroke risk reduction. In this report, (1) we sys-
tematically reviewed published studies and performed a
comprehensive meta-analysis to quantify the relationship
between level of PA and the risk of stroke outcomes in ap-
parently healthy populations and (2) tested the hypothesis
that the association of PA level with stroke outcomes would
be similar between men and women. Data were extracted
from cohort studies published between 1986 and 2005 that
examined the exposure to low PA level and the risk of stroke
outcomes, defined as first stroke or death due to stroke.

Materials and Methods
Literature search and study design

A meta-analysis was conducted and reported according to
guidelines of the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) group.** We identified cohort stud-
ies published from January 1986 through September 2005 by
searching the MEDLINE (National Library of Medicine da-
tabase assessed through PubMed) and EMBASE (the Excerpta
Medica database) using the medical subject headings and
terms: physical activity, exercise, leisure-time activity, stroke,
stroke outcomes, and cerebrovascular disorders. We also
consulted the studies that reported modifiable (e.g., cigarette
smoking, obesity, drug administration) and nonmodifiable
(e.g., age, sex, family history of stroke) risk factors of stroke.
We then carried out a manual search and read articles in
stroke and epidemiology journals.

Two authors (L.D., an epidemiologist/physician; J.K., a
biostatistician) independently reviewed each study. To be
included in the meta-analysis, studies had to satisfy the fol-
lowing predetermined inclusion criteria: (1) reported original
data and published as a full peer-reviewed article, (2) carried
out in healthy human participants >18 years of age, with no
history of cardiovascular disease (CVD) or stroke, (3) pub-
lished in the English language, (4) primary outcome defined
as first stroke or stroke death or both, (5) specifically assessed
the relationship between PA and stroke or stroke death in a
cohort study, (6) specifically measured the level of PA as low,
moderate, or high, and (7) provided relative risk (RR) esti-
mates or sufficient statistical data to allow calculation of such
estimates.

The systematic search (Fig. 1) identified 991 potentially
relevant articles published in English. Of these, 895 articles
were excluded based on titles and abstracts that did not sat-
isfy some or all of the inclusion criteria. Five were non-
English-language articles. Ninety-six abstracts were reviewed
independently by the two authors on eligibility forms and
evaluated for inclusion or exclusion. Sixty-eight articles were
excluded by agreement among the reviewers because these
articles did not satisfy all the inclusion criteria. We retrieved
and reviewed 28 full text articles that met all the inclusion
criteria and identified published epidemiological studies of
PA and stroke. We excluded 16 studies from the analysis for
the following reasons: 3 articles included recurrent stroke, 9
articles reported outcomes that were unrelated to stroke or
stroke death, 2 articles did not stratify the measure of PA, 1
article provided insufficient data to reconstruct RR, and 1
article was a case-control study. Finally, data abstraction was
done on 13 articles. Following the abstraction, 1 article was
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FIG. 1. Summary results of systematic literature search for
articles that satisfied the inclusion/exclusion criteria for
meta-analysis.

excluded because it reported outcome as mortality but pro-
vided insufficient data to reconstruct statistical analysis.
Twelve articles'®?! satisfied all the eligibility criteria for in-
clusion in the meta-analysis; at the recommendation of an
anonymous reviewer, an additional article was added for a
total of 13 articles studied in this report. The characteristics of
the 13 articles studied are presented in Table 1. Study popu-
lations included well-characterized cohorts in the United
States, Japan, Britain, Norway, and Finland.

Data extraction. Measures of independent variables re-
ported within a single study as associated with different
population groups, gender, age groups, or total incident
cases/1000 patients as outcome measures were analyzed as
separate entities. For example, in the Honolulu Heart Pro-
gram,10 we used the data units for men, nonsmokers with
different age groups (aged 45-54 and 55-68 years) separately.
In the National Health and Nutrition Examination Survey
(NHANES) I epidemiological follow-up study,'* we analyzed
men aged 45-74 years and women aged 45-74 years as sep-
arate data units. For the Finnish s’cucly,l5 the men and women
in the five different geographic locations were treated as 2
data units. In the Framingham Study,'® despite the closeness
of the age groups, we separated the men and women as 2 data
units. Also in the Shibata study in Japan,'® we separated the
men and women as 2 data units. Similarly the data retrieved
from the Leisure World study’ was treated as 2 data units for
men and women. The 13 studies that satisfied the inclusion
criteria thus yielded a total of 17 data units.
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Study quality assessment. Studies in which PA was used
as an estimate for physical fitness were considered eligible
only if the assessment contained levels of PA based on the
questionnaire administered (12 of 12) or interviewer admin-
istered (4 of 12). The outcome assessment of incidence of
stroke must have been documented through medical record
and death certificate review (12 of 12) or confirmed by ra-
diographic evaluation (4 of 12). Study selection for inclusion
also considered adjustment for such confounders as age, body
mass index (BMI), smoking, hypertension, CHD, and diabetes
mellitus.

Characterization of level of physical activity. Char-
acterization of the level of PA varied among the studies. Many
were obtained from self-reported questionnaires. In this meta-
analysis, PA level was characterized as low, moderate, or high
as reported in the articles or reported in a manner for
reclassification.

Statistical analysis

Data were extracted from the original studies, double-
checked, and entered into an EXCEL database. RR estimate
and 95% CI of stroke outcomes associated with moderate or
high PA compared with low PA were obtained from the
published articles. Otherwise, they were calculated directly
from the data given in the article where possible. Summary
(pooled) RRs were generated using random-effects meta-
analysis™?° to account for within-study and across-study
variation to exposure. Summary and individual studies RRs
were represented as point estimates with 95% CI on a forest
plot.”>*° Heterogeneity of the true effect RR was tested using
Cochrane’s Q-statistics.2>**

Assessment of publication bias and sensitivity analy-
sis. Publication bias was assessed by construction and in-
spection of funnel plots—that is, plot of logarithm of the RR
against the logarithm of the standard error of the RR—and by
formal testing of funnel plot asymmetry with the Egger test
and Beggs test.” Sensitivity analysis®* to determine the
individual effect of each study on the pooled RR estimates
was performed by recalculating the RR estimate while omit-
ting each study one at a time.

Subgroup analysis. Data were then stratified by gender,
and separate pooled RR estimates were obtained for men and
women. All analyses were performed using the statistical
software Stata version 9.0 (Stata Corp, College Station, TX).

Results
Qualitative analysis

Table 1 presents a summary of the 13 articles that were used
to investigate the relationship between level of PA in healthy
individuals and the stroke outcomes, defined as first stroke or
death due to stroke, and satisfied all the inclusion criteria for
meta-analysis. Table 1 also details the statistical data and the
adjusted confounders of the individual studies.

Quantitative analysis

Table 2 presents the summary risk estimates for the total
data and by gender stratification. For the total data, the
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TABLE 2. POOLED RELATIVE Risk ESTIMATE OF INCIDENCE
OF STROKE FOR DIFFERENT PHYSICAL ACTIVITY LEVELS

Moderate PA vs. low PA  High PA vs. low PA

Data units  RR (95% CI) P RR (95% CI) p

Combined 0.89 (0.85-0.94) <0.01 0.79 (0.74-0.85) <0.01
Men 0.88 (0.82-0.94) <0.01 0.81 ( 0.75-0.87) <0.01
Women 099 (0.88-1.07) ns  0.76 (0.64-0.89) <0.01

ns, not significant; PA, physical activity.

pooled statistical estimate showed an overall significant
risk reduction of stroke outcome with moderate to high PA
compared with low PA. In particular, compared with low
PA, moderate PA resulted in an 11% reduction in risk of
stroke outcome (RR =0.89, C1 0.85-0.94, p < 0.01), and high
PA resulted in a 21% reduction in risk (RR=0.79, CI 0.74-
0.85, p < 0.01). Figure 2 shows forest plots that depict the RR
for comparing low with moderate PA (Fig. 2A) and com-
paring low with high PA (Fig. 2B). Test for heterogeneity of
the true RR was insignificant (Cochrane’s Q=13.728, df
12, p=0.318). This suggests that all studies share a com-
mon true effect size. A visual inspection of the funnel plots
(not provided) showed that all the studies were within the
confidence limits, confirming symmetry and supporting
evidence of lack of publication bias. Moreover, Egger test
for asymmetry was not significant (¢t = —1.54, standard er-
ror [SE]=0.4492, p=0.151), confirming no evidence of
publication bias. Sensitivity analysis to determine the in-
dividual effect of each study on the pooled RR estimates
showed no significant influence of any particular study on
the estimates for comparing moderate PA or high PA with
low PA.

Data were stratified by gender, and separate pooled RR
estimates were obtained for men and women. Results of the
risk estimates are shown in Table 2. Among the men, the
results showed a 12% reduction in risk of stroke outcome
(RR=0.88, CI0.82-0.94, p < 0.01) for moderate PA and a 19%
reduction for high PA (RR=0.81, CI 0.75-0.87, p<0.01)
compared with low PA. Among the women, results showed a
24% reduction in risk for high PA (RR=0.76, CI 0.64-0.89,
p <0.01) compared with low PA. There was, however, no
significant difference in risk of stroke outcome for a moderate
PA level compared with low PA level in women. Figures 2A
and 2B, respectively, show the forest plots for comparing high
PA and moderate PA with low PA in men and women. Sen-
sitivity analysis, when stratified by gender, showed signifi-
cant influence by a few individual studies on the pooled RR
estimate. In particular, for the case of comparing high PA with
low PA, there was a significant reducing influence on the RR
estimates observed by omitting the studies of Hu et al.'® in
both male and female subgroup analysis, whereas the studies
of Gillum et al.'* and Hu et al."* increased the risk estimates.
In addition, for comparing moderate PA with low PA, omit-
ting the study of Kiely et al.’® reduced the RR estimate,
whereas omitting that of Lee et al.'” increased the risk esti-
mate in the women subgroup analysis. Omission of these
studies, however, did not change the resulting significance in
RR reduction of stroke due to high or moderate PA compared
with low PA.
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A
Study name Risk ratio and 95% CI
Risk Lower Upper
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Haheim '93M 0.65 0.43 0.98 e
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Relative Risk

Discussion and Conclusions

In previous studies, the investigators have assessed the RR
of stroke associated with exposure to PA, but the reported
results were mixed.® *"*"~?° The present study was performed
to systematically evaluate published data on the relationship
of different levels of PA and the risk of stroke outcomes in
apparently healthy individuals with no history of CVD. In
addition, this study examined if the same level of PA is re-
quired to achieve the same level of risk reduction between

genders. The results from this study suggest that, overall,
increased PA level has the potential to reduce stroke incidence
and related outcomes. In subgroup analysis, however, results
showed women required a higher level of PA than men to
achieve significant risk reduction of stroke outcomes.

There is no compelling evidence for the mechanisms un-
derlying the favorable effects of PA on the reduction of the
risk of stroke outcomes. Nonetheless, several studies suggest
the beneficial physiological effects of PA on the cardiovascu-
lar system. A negative association between PA and stroke
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mortality may be related to deceleration of the atherosclerotic
process, structural modification of the arteries, amelioration
of endothelial dysfunction, enhancement of myocardial elec-
tric stability, and attenuation of blood hypercoagulability and
inflammatory mechanisms. There is also evidence of reduc-
tions in plasma fibrinogen and platelet activity, as well as
elevations in plasma tissue plasminogen activator activity and
high-density lipoprotein cholesterol (HDL-C) levels, lowering
blood pressure, maintaining normal glucose tolerance and
improving insulin sensitivity.”** The protective effect of PA
may also be mediated by controlling risk factors for stroke,
such as hypertension, diabetes mellitus, and body weight.**~**
Because of the complexity of the atherosclerotic process and
the multitude of physiological, clinical, and psychosocial
variables that may alter or influence the effects of PA on the
cerebrovascular systems, our ability to predict outcomes in
stroke patients remains imperfect. The role of other risk fac-
tors, such as age, smoking, CHD, hypertension, and the op-
timum intensity of PA (frequency and duration), in modifying
the risk of stroke should be reevaluated to reach unques-
tionable conclusions.

The discrepancy in risk reduction between genders is un-
certain from this study but may be explained in part as fol-
lows. Methodologically, it is commonly noted that men are
more likely than women to engage in strenuous exercise
regimens.*® What is considered a high level of PA in women
could be considered moderate in men. Moreover, some
studies*>*” have suggested that there are differences between
genders in benefits associated with PA that may result from
the dissimilarity and variations in hormonal conditions.

The present study has limitations. One limitation is that few
studies were available to investigate the relation of level of PA
to specific subtypes of stroke. Moreover, the meta-analysis
was limited to English-language articles, thus excluding po-
tentially valuable results that may be in other languages.
Another limitation is the self-reporting and varied definitions
of classification of low, moderate, and high PA among the
different studies, making it impossible to be entirely specific
about the level of PA required to prevent stroke outcomes.
The number and types of confounding variables also differed
from study to study (Table 1). There was a wide range of age
groups among the study participants in each individual
study. In addition, there were variable follow-up periods
among the studies, ranging from 7 to 32 years (Table 1). The
shorter follow-up periods may be inadequate to observe the
risk of stroke outcomes because of a lack of exposure to PA.
Nonetheless, the report of Blair et al.%® suggests that there is
good consensus across studies, with most showing an inverse
dose-response gradient across both PA and physical fitness
categories for morbidity from CHD, stroke, CVD, or all-cause
mortality.

Despite the limitations of the present study, the observed
data can be viewed as hypotheses generating and supporting
further study. Would the same level of PA be required to
achieve the same level of risk reduction between men and
women? Future studies will, however, require more rigorous
design. The degree of controlling confounding variables
differed among the studies included in the meta-analysis.
Most studies adjusted for some risk factors besides age
and hypertension. We recommend that future cohort ob-
servational studies should quantify measures of PA and
standardize outcome assessments. Where it is feasible, a
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subgroup analysis among specific populations should be
considered as well as the nutritional habits of the partici-
pants and use of any medications. The use of medications
(prescribed or over-the-counter) was not mentioned in any
of the studies, although it is common knowledge that some
elderly populations take some medication that could be a
confounding factor in the meta-analysis. Furthermore, there
are comparatively fewer data on nonexercise PA, or lifestyle,
which includes other forms of PA that occur in the context of
commuting to work, household activities, and other in-
stances involving walking, cycling, and climbing stairs,
which may occur throughout the day in an unstructured
setting with variable duration and frequency.*® The identi-
fication, measurement, and analysis of nonexercise compo-
nents of PA on the risk of stroke outcome among men and
women would be clinically informative.

Although it is unclear how PA plays a protective role
against stroke, results of this study suggest long-term benefits.
Future research to examine the impact of PA on the patho-
physiological mechanism of stroke will be desirable. Some
studies® *! have suggested that impact of PA on reducing the
risk of stroke mortality could be explained by deceleration of
the atherosclerotic process, amelioration of endothelial dys-
function, structural modification of the arteries, enhancement
of myocardial electric stability, or attenuation of hypercoag-
ulability.

The results of this meta-analysis suggest that increased PA
has a beneficial effect in reduction of risk of stroke incidence
and stroke mortality. Our results also suggest that higher
levels of PA may be required in women than in men to achieve
similar levels of significant stroke reduction. These observa-
tions are hypothesis generating and support further studies.
People at risk of stroke should, therefore, endeavor to engage
in some form of PA. Exercise regimens tailored to women to
help increase and improve physiological function and prop-
erties may be beneficial.
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