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Regular physical activity is known to decrease the risk of cardiovascular disease, but the risk of ischemic stroke
immediately following moderate or vigorous physical activity remains unclear. The authors evaluated the risk of
acute ischemic stroke immediately following physical activity and examined whether the risk was modified by
regular physical activity. In a multicenter case-crossover study, the authors interviewed 390 ischemic stroke
patients (209 men, 181 women) at 3 North American hospitals between January 2001 and November 2006.
Physical activity during the hour before stroke symptoms arose was compared with usual frequency of physical
activity over the prior year. Of the 390 subjects, 21 (5%) reported having engaged in moderate or vigorous physical
activity during the hour before ischemic stroke onset, and 6 subjects had lifted an object weighing at least 50
pounds (�23 kg) during that hour. The rate ratio for ischemic stroke was 2.3 (95% confidence interval (CI): 1.5, 3.7;
P < 0.001) for moderate or vigorous physical activity in the previous hour and 2.6 (95% CI: 1.1, 5.9; P ¼ 0.02) for
lifting 50 pounds or more. People who reported engaging in moderate or vigorous physical activity at least 3 times
per week experienced a 2-fold increased risk (95% CI: 1.2, 3.3) with each bout of physical activity, as compared
with a 6.8-fold risk (95% CI: 2.5, 18.8) among more sedentary subjects (P for homogeneity ¼ 0.03).

case-control studies; exercise; physical exertion; stroke

Abbreviations: ACROSS, Australasian Cooperative Research on Subarachnoid Hemorrhage Study; CI, confidence interval;
TOAST, Trial of Org 10172 in Acute Stroke Treatment.

Habitual physical activity has been shown to decrease the
risk of coronary heart disease (1) and stroke (2, 3). Among
the benefits of regular aerobic activity are lower long-term
mean arterial blood pressure (4, 5), an improved lipid profile
(4, 6), enhanced capacity for fat oxidation (6), less inflam-
mation (7), and better glycemic control (4, 8). On the other
hand, each bout of physical activity causes increased sym-
pathetic nervous system activity, leading to an increased
heart rate and a surge in systolic blood pressure, with
resultant shear stress and a shift in the endogenous
thrombotic-fibrinolytic balance (3). Investigators have pre-
viously reported that bouts of rigorous physical activity can
trigger myocardial infarction (9–15), subarachnoid hemor-
rhage (16), or sudden cardiac death (11, 17, 18), even among

people who regularly exercise vigorously (9, 10, 14, 15).
However, little is known about the risk of ischemic stroke
onset following physical activity and heavy lifting and
whether the association between bouts of physical
activity and stroke is lower among people who exercise
regularly.

MATERIALS AND METHODS

Study population

Between January 2001 and November 2006, 390 patients
(209 men and 181 women) were interviewed a median of 3
days (range, 0–14) after sustaining an acute ischemic stroke
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at 3 North American medical centers (Beth Israel Deaconess
Medical Center, Boston, Massachusetts; University of North
Carolina Hospitals, Chapel Hill, North Carolina; and
Vancouver Island Health Authority, Victoria, British
Columbia, Canada). Trained research staff identified eligi-
ble patients by reviewing charts of patients admitted to each
hospital’s stroke service and daily hospital admission logs,
and patients with new-onset acute neurologic syndrome
compatible with stroke were screened upon admission to
emergency departments. Presumed stroke etiology was cat-
egorized according to an abbreviated form of the Trial of
Org 10172 in Acute Stroke Treatment (TOAST) classifica-
tion system (19) after review of the diagnostic workup.

Study personnel used standardized abstraction forms to
record data on demographic factors, medical history, and
admission laboratory results. For inclusion in the study, pa-
tients were required to have a neurologist-confirmed diag-
nosis of acute ischemic stroke, either by clinical diagnosis or
appropriate imaging studies, to be English-speaking, and to
have been free of dementia prior to the index event. Patients
were excluded if they could not identify the time of onset of
their stroke symptoms or if the treating clinician deemed
them unable to complete the structured interview (which
lasted 30–45 minutes) because of cognitive impairment,
poor memory of the stroke, aphasia, or illness. Across all
study sites, 43% of patients with confirmed ischemic stroke
met all inclusion criteria. Of these, 83% agreed to participate,
5.5% refused, and the remaining 12.5% were discharged from
the hospital before the interviewers were able to approach
them. The protocol was approved by the institutional review
board at each participating medical center, and informed
consent was obtained from each subject.

Interviewers used a structured questionnaire and asked
subjects to report the date and time of the first symptoms
heralding their stroke. Subjects were asked about the
frequency and timing of ‘‘moderate exertion, with deep
breathing, such as: normal walking, golfing on foot, slow
biking, raking leaves, cleaning windows, or fishing’’ and the
frequency and timing of ‘‘vigorous exertion, with panting
and overheating, such as: slow jogging, fast biking, shovel-
ing snow, mowing with a push mower, or heavy gardening.’’
Subjects who reported any moderate or vigorous physical
activity were asked to specify the last time they had reached
that level of exertion and their usual frequency of physical
activity over the prior week and the prior year. Similar
questions were asked about lifting at least 25, 50, or 100
pounds (�11, �23, or �45 kg). Subjects were also asked to
report the timing of their last exposure to other potential
triggers—including stress, anger, and use of caffeine,
alcohol, cigarettes, marijuana, and cocaine—and their usual
frequency of exposure to these factors during the year
preceding the onset of stroke symptoms. Other information
collected during the interview included information on
medication use and symptoms experienced on the day of
the stroke.

Reliability of the questionnaire

The test-retest reliability of the Stroke Onset Study ques-
tionnaire was assessed in a subgroup of 25 subjects who

were reinterviewed up to 6 days after their initial interview
and were asked again about their physical activity in the past
year and the time of their last bout of physical activity
before the onset of their stroke symptoms. The intraclass
correlation for the usual frequency of moderate or vigorous
physical activity was found to be excellent (intraclass cor-
relation coefficient¼ 0.99), and there was perfect agreement
for reporting of any moderate or vigorous physical activity
during the past year and during the hour preceding stroke
onset (j¼ 1.0). The intraclass correlation coefficient for the
usual frequency of lifting 50 pounds or more (�23 kg) was
0.99, with a high level of agreement (j ¼ 1.0).

Study design

The Stroke Onset Study used a case-crossover design,
a variation of a case-control design that is appropriate when
a brief exposure (physical activity) causes a transient change
in the risk of an acute outcome (ischemic stroke) (20, 21).
We compared a subject’s physical activity during the hour
prior to onset of stroke symptoms (the hazard period) with
the same subject’s usual frequency of physical activity dur-
ing the prior year (the control period). Because control in-
formation for each subject in a case-crossover study is based
on his or her own past exposure, self-matching eliminates
confounding by risk factors that are constant within individ-
uals over the sampling period but often differ between study
subjects. For each case, moderate or vigorous physical ac-
tivity during the 1-hour hazard period was compared with
the expected frequency in an average 1-hour period based on
the control data of self-reported usual frequency of physical
activity in the past year.

Statistical analysis

In a case-crossover study, each subject forms his or her
own stratum and thus serves as his or her own control (22).
The analysis of ‘‘usual frequency’’ data from case-crossover
studies follows standard methods for stratified person-time
data (20, 21), with the individual subject serving as the
stratifying variable. In essence, the data for each subject
form a separate 2 3 2 table and the Mantel-Haenszel in-
cidence rate ratio is calculated (23). The ratio of the ob-
served exposure frequency in the hazard period to the
expected frequency based on control information about
physical activity or lifting in the previous year was used
to calculate the rate ratio. We multiplied the usual annual
frequency of physical activity by its median duration
(1 hour) to estimate the amount of person-time of exposure
to physical activity. The amount of person-time unexposed
was calculated by subtracting this value from the number of
hours in 1 year. The data were analyzed using methods for
cohort studies with sparse data in each stratum.

We conducted stratified analyses to evaluate effect modifi-
cation by sex, age (<65 years vs. �65 years), smoking status
(current smokers vs. never smokers), hypertension status (yes/
no), stroke etiology (large vessel, small vessel, cardioembolic,
or other/undetermined), and habitual physical activity (�3
times per week vs. <3 times per week) and compared the
rate ratios by means of a test for homogeneity (24).
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Because people are more likely to engage in physical
activity during typical waking hours, we conducted a sensi-
tivity analysis in which we restricted the data to subjects
who experienced a stroke between 6 AM and 10 PM. We made
the conservative assumption that the patients had only en-
gaged in moderate and vigorous physical activity in the past
year during that time of day, which should have resulted in
a conservative estimate of the rate ratio.

To evaluate whether exposure to other triggering behav-
iors could account for the observed association, we con-
ducted a sensitivity analysis excluding subjects who were
exposed to other potential triggers during the hour preceding
their stroke (e.g., alcohol, marijuana, and anger). In another
sensitivity analysis, we used the reported usual frequency of
physical activity in the past week as the control information.
All analyses were carried out using SAS 9.1 (SAS Institute,
Inc., Cary, North Carolina). Two-sided P values less than
0.05 were considered statistically significant.

RESULTS

Physical activity

Table 1 shows the characteristics of the study subjects by
level of physical activity during the past year. Of the 390
patients with acute ischemic stroke who were interviewed,
287 (74%) reported having engaged in moderate or vigorous
physical activity during the past year. The types of activities
reported were either mostly dynamic, such as walking, run-
ning, or swimming (47%); mostly static, such as lifting
groceries and household cleaning (8%); or mixed, such as
gardening and shoveling snow (42%). Compared with per-
sons who reported no physical activity in the past year, sub-
jects who reported moderate or vigorous physical activity
were more likely to be younger and more likely to be male.
One subject did not provide information on the usual fre-
quency of activity and was therefore excluded from further
analysis. Among the 286 subjects who reported engaging in
moderate or vigorous physical activity during the past year,
117 (41%) reported engaging in such activity at least daily,
132 (46%) 1 or more times per week, 22 (8%) 1 or more
times per month, and 15 (5%) less than once per month. The
median frequency of physical activity was 4 times per week,
with an average duration of 64 minutes (interquartile range,
20–60) for each episode. There were 166 subjects who re-
ported exposure to moderate or vigorous physical activity
during the week prior to stroke, and 21 reported having
engaged in moderate or vigorous physical activity within
1 hour before the onset of stroke symptoms.

Within 1 hour after moderate or vigorous physical activ-
ity, the risk of stroke onset was 2.3 times higher (95% con-
fidence interval (CI): 1.5, 3.7; P < 0.001) compared with
periods of lower activity or rest. The rate ratios for recent
physical activity did not vary by sex, age, smoking status,
hypertension status, or stroke etiology (Table 2). Figure 1
shows that the rate ratio for ischemic stroke following an
isolated bout of moderate or vigorous physical activity was
attenuated by habitual physical activity. Subjects who
reported being physically active at least 3 times per week
(n ¼ 187) experienced only a 2-fold (95% CI: 1.2, 3.3)

increased risk with each bout of activity as compared with
a 6.8-fold (95% CI: 2.5, 18.8) risk among more sedentary
subjects (P for homogeneity ¼ 0.03).

In a sensitivity analysis using the conservative assump-
tion that moderate or vigorous physical activity occurred
only during typical waking hours (6 AM–10 PM), moderate
or vigorous activity was still associated with an increased
risk of ischemic stroke onset (rate ratio ¼ 2.8, 95% CI: 1.7,
4.6; P < 0.001).

Among the 286 subjects who reported having engaged in
moderate or vigorous physical activity in the past year, 78
had been exposed to other potential triggers during the hour
prior to stroke onset. Of the 21 subjects who engaged in

Table 1. Clinical Characteristics of Ischemic Stroke Patients

According to Level of Moderate or Vigorous Physical Activity in the

Past Year (n ¼ 390), Stroke Onset Study, 2001–2006a

Moderate or Vigorous Physical Activity
in Past Year

Yesb (n 5 286) Noc (n 5 103)

No. % No. %

Male sex 166 58 43 42

Smoking status

Never smoker 93 32 35 34

Former smoker 135 47 49 48

Current smoker 58 20 19 18

Obesity (body mass
indexd �30)

64 23 26 26

Diabetes mellitus 66 23 28 27

Hypercholesterolemia 114 40 32 31

Hypertension 188 66 63 61

Atrial fibrillation 37 13 17 17

Medical history

Myocardial
infarction

36 13 13 13

Stroke 47 16 25 24

Transient ischemic
attack

33 12 14 14

Coronary
revascularization

29 10 13 13

Carotid
endarterectomy

4 1 3 3

Stroke etiologye

Small vessel 76 29 35 38

Large vessel 52 20 15 16

Cardioembolic 62 23 19 20

Other/undetermined 75 28 24 26

a One subject did not provide information on the usual frequency of

activity and was therefore excluded from further analysis.
b The mean age of subjects with any moderate or vigorous physical

activity in the past year was 67 years (standard deviation, 14.0).
c The mean age of subjects with no moderate or vigorous physical

activity in the past year was 73 years (standard deviation, 13.9).
d Weight (kg)/height (m)2. There were no available data on body

mass index for 6 subjects.
e At one of the study centers, stroke etiology was not determined

(n ¼ 31).
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physical activity in the hour prior to stroke onset, 4 also
drank alcohol, 4 drank a caffeinated beverage, and 1 had
influenza. When we conducted an analysis excluding the
78 subjects exposed to any potential trigger in the hour
preceding stroke onset, the results remained similar (rate
ratio ¼ 1.9, 95% CI: 1.0, 3.4; P ¼ 0.04).

On average, subjects reported lower levels of physical
activity during theweek preceding the stroke than in the prior
year. Among the 286 subjects who reported engaging in
moderate or vigorous physical activity during the past year,
the mean usual frequency of physical activity during the past
year was 5.9 times per week, whereas the mean frequency of
reported physical activity during the past week was 3.4.
However, this included 120 subjects who reported engaging
in no moderate or vigorous physical activity during the week
before stroke symptoms. Among the 166 subjects reporting
moderate or vigorous physical activity in the past week, the
mean frequency of reported physical activity during the past
week was 5.8. We conducted a sensitivity analysis using each
subject’s reported frequency of physical activity in the
past week as the control period, and found that the risk of
ischemic stroke onset increased 4.5-fold (95% CI: 2.8, 7.4;
P < 0.001) within 1 hour of moderate or vigorous physical
activity as compared with periods of lower activity or rest.

Heavy lifting

Among the 106 patients who reported having lifted 50
pounds or more (�23 kg) at least once during the year prior
to the stroke, 6 (6%) reported such lifting within 1 hour prior
to stroke symptom onset. Within 1 hour after lifting an object
weighing 50 pounds or more, the risk of stroke onset was 2.6
times higher (95% CI: 1.1, 5.9; P ¼ 0.02) compared with
periods without lifting. Among the 106 subjects who had
lifted 50 pounds or more at least once during the year prior
to the stroke, the mean usual frequency of lifting�50 pounds
during the past year was 4.1 times per week, whereas the
mean frequency of lifting �50 pounds during the past week
was 2.5. The sensitivity analysis based on reported exposure
during the past week resulted in a higher stroke rate ratio of
4.7 (95% CI: 2.0, 11.1; P < 0.001) for lifting 50 pounds or
more. We did not have sufficient statistical power to assess
whether the risk of ischemic stroke associated with lifting
50 pounds or more was altered by habitual physical activity.

DISCUSSION

In this study, we found a 2.3-fold increased risk of stroke
within 1 hour of an episode of moderate or vigorous

Table 2. Rate Ratio for Stroke Onset Within 1 Hour of Moderate or Vigorous Physical Activity Among Ischemic Stroke Patients (n ¼ 390),

According to Patient Characteristics, Stroke Onset Study, 2001–2006a

No. Exposed
to MVPA in
Past Year

No. Exposed
to MVPA in
Past Hour

Mean No. of
MVPA Episodes
in Past Year

Mantel-
Haenszel
Rate Ratio

95%
Confidence
Interval

P Valueb
P for

Homogeneityc

All patients 286 21 308.7 2.3 1.5, 3.7 <0.001

Sex 0.89

Female 120 9 313.6 2.4 1.1, 5.1 0.02

Male 166 12 305.2 2.3 1.2, 4.1 0.008

Age, years 0.83

<65 119 10 340.5 2.4 1.2, 4.9 0.01

�65 167 11 286.1 2.2 1.2, 4.2 0.02

Smoking status

Current smoker 58 2 309.0 1.0 0.2, 5.1 0.97 0.25

Never smoker 228 19 308.7 2.6 1.6, 4.3 <0.001

Hypertension 0.56

Yes 188 13 320.8 2.1 1.1, 3.8 0.02

No 98 8 285.6 2.8 1.3, 5.9 0.008

Stroke etiology 0.89

Large vessel 52 3 263.5 2.0 0.6, 6.3 0.25

Small vessel 76 5 374.2 1.8 0.6, 5.3 0.29

Cardioembolic 62 5 323.8 2.3 0.9, 5.7 0.07

Other/undetermined 75 6 275.3 2.7 1.2, 6.1 0.02

Habitual physical
activity, times/week

0.03

�3 187 17 442.9 2.0 1.2, 3.3 0.01

<3 99 4 55.2 6.8 2.5, 18.8 <0.001

Abbreviation: MVPA, moderate or vigorous physical activity.
a One subject did not provide information on the usual frequency of activity and was therefore excluded from further analysis.
b P value for the stratum-specific Mantel-Haenszel rate ratio.
c P value for the v2 test for homogeneity.
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physical activity. We also found that risk was greater among
sedentary subjects than among those who had exercised at
least 3 times per week in the prior year. Previous studies
found that the role of vigorous physical activity as a trigger
of acute myocardial infarction was limited to the time of
exertion and extended up to 30–60 minutes after the activity
(9, 15). These findings suggest that the increased risk per-
sists for 1 hour following the episode of physical activity.

Our findings are similar to the results of the Australasian
Cooperative Research on Subarachnoid Hemorrhage Study
(ACROSS), in which Anderson et al. (16) found a 3-fold
increased risk of hemorrhagic stroke in the 2 hours follow-
ing moderate or extreme physical activity as compared with
periods of no physical activity. In that study, the rate ratio
was not affected by habitual physical activity, suggesting
a possible difference in the impact of habitual physical ac-
tivity for hemorrhagic and ischemic stroke. In a study of
ischemic stroke in 200 patients, Koton et al. (25) found an
approximately 2-fold increased risk of ischemic stroke
within 2 hours of physical activity that did not reach nom-
inal statistical significance (rate ratio ¼ 2.1, 95% CI: 0.9,
5.6). They did not assess whether this risk varied by habitual
physical activity. In a matched case-control study of partic-
ipants in the Copenhagen City Heart Study, Krarup et al.
(26) compared the level of physical activity performed dur-
ing the week preceding an ischemic stroke with that of
community controls and found that for each 10-point in-
crease in physical activity score, the odds ratio for ischemic
stroke was 0.86 (95% CI: 0.82, 0.90). Our finding of a higher
risk among less active persons lends support to the hypoth-
esis that habitual physical activity is beneficial, lowering the
risk that an individual bout of exertion might trigger the
onset of ischemic stroke.

There are several possible mechanisms that may explain
the higher risk of ischemic stroke immediately following
physical activity. Physical activity acutely increases sympa-

thetic nervous system output and decreases parasympathetic
activity. These shifts in autonomic nervous control may
result in hemodynamic stress, including increased heart
rate and blood pressure, resulting in increased shear stress.
Increased norepinephrine levels may lead to increased plate-
let aggregation and oxygen demand (15), which may lead to
an increased risk of thrombotic occlusion (27) in the setting
of disrupted endothelial surface secondary to shear stress
from hemodynamic factors. Circulating levels of catechol-
amines correlate more closely with the relative intensity of
physical activity than with absolute exercise intensity.
Therefore, platelet activation may be related to the relative
intensity of the physical activity exposure (15). Heavy lift-
ing may alter levels of intrathoracic pressure resulting from
expiratory strain and hence produce a transient elevation in
blood pressure (28).

Previous studies have shown that the acute risk of myo-
cardial infarction following vigorous physical activity is
higher among sedentary persons than among those who
regularly engage in vigorous physical activity (9, 10, 14,
15). Our results indicate that habitual activity also protects
against ischemic stroke. The stroke protection derived from
regular exercise might be due to lower heart rate, peak
systolic pressure, and circulating catecholamine levels at
a given workload (4, 5), improved lipid profiles (4, 6),
and lower levels of arteriosclerosis (11) and inflammation
(7) and thereby decreased plaque vulnerability and en-
hanced capacity for fat oxidation (6). Physical activity
may also have antithrombotic results, enhancing fibrinoly-
sis (3) and reducing blood viscosity, fibrinogen levels, and
platelet aggregation. Less catecholamine release after ex-
ertion in physically fit individuals may explain the obser-
vation that a bout of physical activity was associated with
a greater increase in risk in sedentary persons than in active
persons.

There were some limitations to our study. Since each
subject served as his or her own control, there was no con-
founding by characteristics that are stable over time, but
confounding could still have occurred if multiple exposures
occurred concurrently within an individual. However, the
results remained similar when we excluded subjects who
had engaged in other potentially triggering activities during
the hour preceding stroke onset. In an effort to minimize
reporting bias, we made efforts to ensure the subjects’ pri-
vacy. We used a standardized structured interview, and sub-
jects were not informed of the duration of the hypothesized
hazard period. Some (29) but not all (30) validation studies
have shown that subjects may overreport their habitual fre-
quency of vigorous physical activity and underestimate
moderate-level activities. This appeared to have occurred
in our study, as suggested by the fact that recall of actual
activity in the 7 days prior to stroke onset was lower than the
reported frequency of activity over the past year. Alterna-
tively, this may have been due to decreased activity in re-
sponse to prodromal stroke symptoms. Because we
restricted our sample to relatively healthy stroke patients
and not all eligible persons agreed to participate, our results
may not be generalizable to patients who experience severe
or fatal stroke. Previous studies have shown that the acute
impact of physical activity depends on the type, intensity,
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Figure 1. Impact of habitual physical activity on the rate ratio for
stroke onset following an isolated bout of moderate or vigorous phys-
ical activity, Stroke Onset Study, 2001–2006. Bars, 95% confidence
interval.

334 Mostofsky et al.

Am J Epidemiol 2011;173:330–336



and duration of the exercise (31). However, we did not have
enough participants exposed within the past hour to examine
differences by level or type of activity. Therefore, further
research is necessary to identify the type and duration of
physical activity that triggers ischemic stroke and how much
is necessary to prevent a stroke.

In conclusion, we found that isolated episodes of physical
activity could transiently increase the risk of ischemic stroke
and that the rate ratio was greatly attenuated by habitual
physical activity. This study reinforces the importance of
habitual physical activity in stroke prevention. Not only
does habitual physical activity lower the baseline risk of
stroke, it also appears to lower the risk of having an ische-
mic stroke triggered by an episode of physical activity.
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