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ABSTRACT

Background and Purpose: There is limited evidence on the association between total physical
activity and stroke in Asian populations suffering from a greater burden of hemorrhagic stroke than
Western populations. We aimed to understand their optimal level of physical activity for stroke
prevention.

Methods: A total of 74,913 Japanese people aged 50-79 years without histories of cardiovascular
disease or cancer were followed from 2000 to 2012.

Results: During the 698,946 person-years of follow-up, we documented a total of 2,738 incident
cases of stroke, including 1,007 hemorrhagic strokes (747 intraparenchymal and 260 subarachnoid
hemorrhages), and 1,721 ischemic strokes (1,206 non-embolic and 515 embolic infarctions).
Individuals in the second or third metabolic equivalents of task (MET)-hours/day quartile had the
lowest risks of total stroke [hazard ratio (95% confidence interval): 0.83 (0.75-0.93)],
intraparenchymal hemorrhage [0.79 (0.64-0.97)], subarachnoid hemorrhage [0.78 (0.55-1.11)], and
non-embolic infarction [0.78 (0.67-0.92)], while those in the fourth quartile had the lowest risk of
embolic infarction [0.76 (0.59-0.97)]. Cubic spline graphs revealed a steep decrease in stroke risk
(30% risk reduction) from the lowest level to a plateau at 5-10 MET-hours/day (50th percentile). The
associations of total physical activity level with hemorrhage stroke showed “U” or “J” shape, which
were due to vigorous-intensity activities, while the association with ischemic stroke showed “L”
shape.

Conclusions: For Japanese people, moderate levels of total physical activity, particularly achieved
by moderate-intensity activities, may be optimal for stroke prevention, because excessive
vigorous-intensity activities might not be beneficial or even disadvantages for prevention of

hemorrhagic stroke.
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INTRODUCTION

Physical inactivity is considered as one of the most important modifiable risk factors for stroke (1).
Physical activity may reduce the risk of stroke by preventing some risk factors for stroke, such as
obesity, hypertension, dyslipidemia, and diabetes (2). In addition, several previous studies suggested
direct effects of physical activity, such as improved endothelial function and reduced systemic
inflammation or platelet aggregation, which attenuates the progression of atherosclerosis (3-5).
Population-based studies have demonstrated a beneficial effect of physical activity on stroke
incidence (6).

However, the evidence has been mainly developed from research in Western countries (6).
Asian populations such as Japanese and Chinese have different lifestyles and genetic variants from
Western populations, and Asian populations suffer from a greater burden of stroke, particularly
hemorrhagic stroke, than Western populations (7-9). While physical activity has protective effects on
stroke risk, a high intensity physical activity may be a trigger factor for hemorrhagic stroke probably
due to an increase in blood pressure during activity (10-15). Thus, it is important to accumulate
evidence on Asian populations with a high risk of hemorrhagic stroke.

Therefore, the objective of this study was to investigate the dose-response relation of daily
total physical activity with stroke and its subtypes in a Japanese population-based prospective study

to understand their optimal level of physical activity for stroke prevention.

MATERIALS AND METHODS

Study Design, Setting and Population

The Japan Public Health Center Based Prospective (JPHC) Study is an ongoing prospective study
comprising a population-based sample of 140,420 Japanese adults (68,722 men and 71,698 women).
Details of the JPHC Study have been reported previously (16). Briefly, the JPHC Study comprises

two cohorts: Cohort | and Cohort Il were initiated respectively in five Public Health Center (PHC)
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areas (lwate, Akita, Tokyo, Nagano, and Okinawa-Chubu), with 61,595 subjects aged 40-59 years in
1990 and in six PHC areas (Ibaraki, Niigata, Osaka, Kochi, Nagasaki, and Okinawa-Miyako), with
78,825 subjects aged 40-69 years in 1993 (the first survey, 81% response of 140,420 participants).
The participants were followed in 1995-1998 (the second survey, 74% response) and in 2000-2003
(the third survey, 71% response). Subjects were asked to complete self-administered questionnaires
concerning their lifestyles and medical histories. Questionnaires concerning detailed daily physical
activities were added to the third survey (2000 and 2003 for Cohorts | and 11, respectively), and the
third survey was considered the baseline for this study.

Of responders to the third survey, 90,886 participants were eligible for follow-up because
individuals in two Public Health Center areas (Tokyo and Osaka) were excluded from the current
study because of the incomplete follow-up data (17). Of the 90,886 subjects, 87,169 residents
completed the questionnaire about daily physical activity. We excluded 11,035 persons with a
history of stroke, myocardial infarction, angina pectoris, or cancer at the third survey. In addition,
participants with missing data on potential confounding factors (n=1,221, 1.6%) were excluded.
Thus, a total of 74,913 participants (34,874 men and 40,038 women) remained for the present
analyses.

The Institutional Human Ethics Review Boards of Osaka University and the National

Cancer Center approved the study.

Risk Factor Measurements

Stroke risk factors were measured via self-reports. The main exposure of interest was daily total
physical activity. Participants were asked to provide the information concerning the average daily
amount of time and frequency spent in work-related (including commuting and housework) physical
activity, and leisure-time physical activity (18, 19). Daily total physical activity level [metabolic

equivalents of task (MET)-hours per day] was calculated as the sum of physical activity levels spent
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during work-related walking and strenuous work, and leisure time physical activities such as brisk
walking and jogging (18, 19). The correlation between daily activities reported in 24-hour records
and that reported on the questionnaire was 0.69. The test-retest correlation for daily activities was
0.68 (18).

Potential confounding factors included age (continuous), sex (male or female), smoking
status (never, ex-smoker, or current smoker), ethanol intake (g/week, continuous), parental history of
cardiovascular disease (yes or no), daily sedentary time (19), living alone (yes or no) and public
health center areas.

Because obesity, hypertension, hypercholesterolemia, and diabetes may mediate the
association between physical activity and stroke risk (2), baseline body mass index [weight
(kg)/height (m)?, measured value], systolic and diastolic blood pressure (measured value, data
available on 51,721 participants), use of medication for hypertension, hypercholesterolemia, diabetes,
and history of diabetes (data available on 74,913 participants) were not considered as potential
confounding factors but potential mediators in the present study, and were therefore not included in

the final model.

Confirmation of Stroke

Stroke events were registered at a total of 81 hospitals in the nine PHC areas. At each hospital,
physicians blinded to the patients’ lifestyle data reviewed the patients’ medical records. Strokes were
confirmed according to the criteria of the National Survey of Stroke (20). According to these criteria,
the presence of sudden or rapid-onset focal neurological deficits lasting at least 24 hours, or until
death, was required. Strokes were classified according to subtypes, i.e. intraparenchymal hemorrhage,
subarachnoid hemorrhage, or cerebral infarction (non-embolic or embolic) (21). Almost all
registered hospitals were equipped with computed tomography (CT) and/or magnetic resonance

imaging (MRI) scanners. Only first-ever stroke events during follow-up were included.
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Statistical Analysis
SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for the statistical analyses.
All statistical tests were two-tailed, and P values <0.05 were regarded as significant.

Using PROC GLM (least squares means), age-, sex-adjusted means and prevalences of
selected participant characteristics at baseline were calculated according to MET-hours/day quartiles.
A linear trend was tested using linear or logistic regression. Person-years of follow-up were
calculated from the baseline to the first endpoint: stroke event, death, emigration, or end of the
follow-up (2012), whichever came first. For individuals who were lost to follow-up (<1%), we used
the last confirmed date of their participation in the study area as the censoring date. Hazard ratios
(HRs) and corresponding 95% confidence intervals (Cls) were calculated for each outcome using
Cox proportional hazard models after adjusting for potential confounding factors. The proportional
hazards assumption in the Cox regression analysis was checked using risk factor-by-time interactions
and was not violated. Since we found no statistical interactions between sex and main exposure in
relation to stroke risk, analyses pooled across sex were conducted. We constructed cubic spline
graphs to evaluate in detail the dose-response relationship between the daily total physical activity
level and stroke risk. We chose five knots with 5th, 25th, 50th, 75th, and 95th percentiles.

For sensitivity analyses, we also ran models by (i) excluding those with early cardiovascular
events (1-3 years from baseline) to assess the possibility of reverse causation, (ii) using early
follow-up data only (within 3, 6, and 9 years of baseline), (iii) including participants with a baseline
history of coronary heart disease or cancer but not stroke, and (iv) excluding participants who
developed subarachnoid hemorrhage during follow-up because the cause of subarachnoid

hemorrhage is usually the rupture of intracerebral aneurysms.

RESULTS
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Baseline Characteristics According to Daily Total Physical Activity Level

Table 1 lists the baseline characteristics according to MET-hours/day quartiles in men and women.
The median values in successive quartiles were 1.0, 5.4, 13.0, and 28.0 MET-hours/day. Individuals
in higher MET-hours/day quartiles were more likely to be younger and male, and have a higher mean
value for ethanol intake and a lower mean values for sedentary time, body mass index, and systolic
and diastolic blood pressure, and were less likely to live alone, and have a history of diabetes and use

medication for hypertension, hypercholesterolemia and diabetes.

Daily Total Physical Activity and Incident Stroke
During the 698,946 person-years of follow-up for the 74,913 participants, we documented a total of
2,738 incident cases of stroke, including 1,007 hemorrhagic strokes (747 intraparenchymal
hemorrhages and 260 subarachnoid hemorrhages), and 1,721 ischemic strokes (1,206 non-embolic
and 515 embolic infarctions) (Table 2). Age- and sex-adjusted analyses revealed that, compared with
the lowest quartile of daily total physical activity, higher daily physical activity levels were
associated with reduced risks of total and ischemic stroke, while the highest physical activity level
was not statistically significantly associated with reduced risks of hemorrhagic strokes. Further
adjustment for potential confounding factors did little to alter those associations. Men and women in
the second or third MET-hours/day quartile had the lowest risks of total stroke [HR (95% CI): 0.83
(0.75-0.93) in the second quartile], hemorrhagic stroke [0.79 (0.66-0.94) in the second quartile],
intraparenchymal hemorrhage [0.79 (0.64-0.97) in the second quartile], subarachnoid hemorrhage
[0.78 (0.55-1.10) in the second quartile], ischemic stroke [0.79 (0.69-0.90) in the third quartile], and
non-embolic infarction [0.78 (0.67-0.92) in the third quartile], while those in the fourth quartile had
the lowest risk of embolic infarction [0.75 (0.59-0.96)].

We also assessed the dose-response relations between daily total physical activity level and

stroke risks by drawing cubic spline graphs. Cubic spline graphs showed a steep decrease in stroke
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risk (about 30% risk reduction) from the lowest MET-hours/day individuals to around 5-10
MET-hours/day (around the 50th percentile) regardless of stroke subtypes, and then a plateau (Figure
1). While ischemic stroke and non-embolic infarction risks kept a plateau and embolic infarction risk
were likely to further decrease, hemorrhagic stroke risk was likely to increase after a plateau.
Particularly, individuals with over 30-35 MET-hours/day (around the 90th percentile) were likely to
have increased risk of subarachnoid hemorrhage although the association was not statistically
significant.

We further investigated associations of moderate- (e.g. walking) and vigorous-intensity (e.g.
jogging) activities with hemorrhagic stroke risk (Figure 2). In contrast to the inverse association
between moderate-intensity activities and hemorrhagic stroke risk, vigorous-intensity activities were
associated with increased risk of hemorrhagic stroke from around the 80th percentile of physical

activity level.

Sensitivity Analyses
All of the sensitivity analyses described in the Methods produced similar results to main results (data

not shown).

DISCUSSION

In this prospective population-based cohort study of an Asian population suffering from a greater
burden of hemorrhagic stroke than Western populations, we observed non-linear dose-response
relations between daily total physical activity and stroke risk. Being active in the middle of the
MET-hours/day distributions (in this study, 5-10 MET-hours/day) appeared to be sufficient to
achieve the maximum risk reduction of stroke, although the risk of embolic infarction was
significantly decreased in a higher physical activity level. The associations between physical activity

level and hemorrhagic stroke risk showed “U” or even “J” shape, which were due to
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vigorous-intensity activities, while the association with ischemic stroke showed “L” shape.

A previous meta-analysis mostly from Western countries reported that compared with
inactivity, moderately intense physical activity was sufficient to achieve the maximum risk reduction
for both ischemic and hemorrhagic strokes (6), with which our results are consistent. In addition, a
recent systematic review and meta-analysis mostly from Western countries also showed that being
active in the middle of total physical activity level distributions [3000-4000 MET-minutes/week (i.e.
7-10 MET-hours/day)] appeared to be sufficient for most health gains (22). These results including
ours suggest that there might be a limit to protective effects of physical activity on stroke risk and
thus other healthy behaviors such as not smoking and eating healthy diets might be necessary to
further reduce stroke risk.

In contrast to ischemic stroke, the associations between physical activity level and
hemorrhagic stroke risk showed “U” or “J” shape, which were due to vigorous-intensity activities but
not due to moderate-intensity activities, suggesting that some individuals engaging in a high level of
vigorous-intensity activities might have even disadvantages as well as no advantage. A high intensity
physical activity is known to cause a short-lasting and sudden increase in blood pressure (13, 14). In
addition, several previous reports suggested that a high intensity physical activity might trigger the
occurrence of hemorrhagic stroke through increased blood pressure (10-12, 15). In particular,
patients with an intracerebral aneurysm, which is a major risk factor for subarachnoid hemorrhage,
may have disadvantages from a high physical activity level. In fact, individuals with a high physical
activity level had increased risk of subarachnoid hemorrhage (J shape), compared to
intraparenchimal hemorrhage (U shape). Thus, there may be an optimal level (in this study, 5-10
MET-hours/day) of total physical activity for prevention of hemorrhagic stroke.

Interestingly, a high level of physical activity was associated with decreased risk of
embolic infarction. A previous study suggested a tendency toward a reduced risk of embolic stroke

with higher levels of physical activity, but the association was not statistically significant [HR 95%
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Cl: 0.77 (0.47-1.27) in ideal physical activity level compared with poor level] probably because of a
small power (23). Because embolic infarction is mainly caused by heart diseases, particularly AF
(24-26), this inverse association might be in part through prevention of AF by physical activity.
Thus, the difference between associations of physical activity with non-embolic and embolic stroke
risk may reflect the difference between effects of physical activity on intracranial arteries and heart
including coronary arteries. Because of the larger size of infarction, embolic infarction is more
severe (increased risk of in-hospital death, greater disability, longer hospital stays, reduced
likelihood of patients returning to their own home and increased risk of recurrent stroke) than
non-embolic infarction (27-29). With an increasingly ageing population, the prevalence of AF is
expected to rise substantially in Asian populations as well as in Western populations (30, 31). Thus,
it is noteworthy that physical activity may also prevent embolic infarction.

We used total physical activity but not just leisure-time physical activity, which has been
used in most epidemiological studies (32—-34), and thus the distribution of physical activity levels in
the present study should be carefully compared with those in previous studies.

The strengths of our study include its prospective design, inclusion of a large sample from
the general population, the large number of stroke cases, and wide availability of CT/MRI imaging
for stroke diagnosis. In addition, sufficient hemorrhagic and ischemic stroke events in the present
study enabled us to investigate the association between physical activity and stroke subtypes.

Nonetheless, some limitations must be addressed. Firstly, information about daily physical
activities was obtained via self-report only at baseline. Thus, we cannot negate the possibility of
misclassifications of physical activity level at baseline and over time. However, as data were
collected before stroke events, such misclassification should be generally non-differential with
respect to the stroke outcomes, and associations would have thus been biased toward the null. In
addition, the results from both long- (12 years) and short-intervals (3, 6, and 9 years) follow-ups

showed similar trends, and thus we assume that such misclassification, if present, was not

10
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sufficiently influential to change our conclusions. Secondly, physical activities were measured via
self-report, as often used in previous epidemiological studies, but not objective measurement
methods such as accelerometer (35). Thirdly, our participants were 50 to 79 years old. Although
stroke is common among the elderly, it is unclear whether our results are also applicable to younger
populations. Lastly, as in most observational studies, the possibility of residual confounding of the

observed associations cannot be negated.

CONCLUSIONS

For Asian populations suffering from a greater burden of stroke, particularly hemorrhagic stroke,
than Western populations, moderate levels of total physical activity, particularly achieved by
moderate-intensity activities such as walking, may be optimal for stroke prevention, although a
higher level of physical activity was associated with decreased risk of embolic infarction, because
excessive vigorous-intensity activities might not be beneficial or even disadvantage for prevention of
hemorrhagic stroke. This may be feasible for middle-aged or elderly people because they can

relatively easily start and continue those activities.

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

ACKNOWLEDGEMENTS

We thank all the staff members for their valuable assistance in conducting the baseline survey and

follow up.

SOURCES OF FUNDING

This study was supported by Grants-in-Aid for the Third Term Comprehensive Ten-Year Strategy for
Cancer Control from the Ministry of Health, Labor and Welfare of Japan, as well as by the National
Cancer Center Research and Development Fund (23-A-31[toku] and 26-A-2; since 2011) and a
Grant-in-Aid for Cancer Research from the Ministry of Health, Labor and Welfare of Japan (from

1989 to 2010).

DISCLOSURES

None.

12



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

REFERENCES

1.

Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD, et al. Primary
prevention of ischemic stroke: a guideline from the American Heart Association/American
Stroke Association Stroke Council: cosponsored by the Atherosclerotic Peripheral Vascular
Disease Interdisciplinary Working Group; Cardiovascular Nursing Council; Clinical Cardiology
Council; Nutrition, Physical Activity, and Metabolism Council; and the Quality of Care and
Outcomes Research Interdisciplinary Working Group: the American Academy of Neurology
affirms the value of this guideline. Stroke. 2006;37:1583-1633.

Mora S, Cook N, Buring JE, Ridker PM, Lee IM, Fagard RH, et al. Physical activity and
reduced risk of cardiovascular events: potential mediating mechanisms. Circulation.
2007;116:2110-1118.

Hambrecht R, Wolf A, Gielen S, Linke A, Hofer J, Erbs S, et al. Effect of exercise on coronary
endothelial function in patients with coronary artery disease. N Engl J Med. 2000;342:454-460.
Abramson JL, Vaccarino V. Relationship between physical activity and inflammation among
apparently healthy middle-aged and older US adults. Arch Intern Med. 2002;162:1286-1292.
Koenig W, Sund M, Déring A, Ernst E. Leisure-time physical activity but not work-related
physical activity is associated with decreased plasma viscosity. Results from a large population
sample. Circulation. 1997;95:335-341.

Wendel-Vos GC, Schuit AJ, Feskens EJ, Boshuizen HC, Verschuren WM, Saris WH, et al.
Physical activity and stroke. A meta-analysis of observational data. Int J Epidemiol.
2004,33:787-798.

Zhang X, Patel A, Horibe H, Wu Z, Barzi F, Rodgers A, et al. Cholesterol, coronary heart
disease, and stroke in the Asia Pacific region. Int J Epidemiol. 2003;32:563-572.

Woodward M, Barzi F, Feigin V, Gu D, Huxley R, Nakamura K, et al. Associations between

high-density lipoprotein cholesterol and both stroke and coronary heart disease in the Asia

13



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pacific region. Eur Heart J. 2007;28:2653-2660.

Kim AS, Johnston SC. Global variation in the relative burden of stroke and ischemic heart
disease. Circulation. 2011;124:314-323.

Onnis E, Montisci R, Corda L, Cardu M, Piga M, Lai C, et al. Intracranial haemorrhage during
exercise testing. Eur Heart J. 1995;16:282-284.

Fann JR, Kukull WA, Katon WJ, Longstreth WT Jr. Physical activity and subarachnoid
haemorrhage: a population based case-control study. J Neurol Neurosurg Psychiatry.
2000;69:768-772.

Anderson C, Ni Mhurchu C, Scott D, Bennett D, Jamrozik K, Hankey G; Australasian
Cooperative Research on Subarachnoid Hemorrhage Study Group. Triggers of subarachnoid
hemorrhage: role of physical exertion, smoking, and alcohol in the Australasian Cooperative
Research on Subarachnoid Hemorrhage Study (ACROSS). Stroke. 2003;34:1771-1776.

Middle cerebral artery blood velocity during intense static exercise is dominated by a Valsalva
maneuver. J Appl Physiol (1985). 2003;94:1335-1344.

Weiss SA, Blumenthal RS, Sharrett AR, Redberg RF, Mora S. Exercise blood pressure and
future cardiovascular death in asymptomatic individuals. Circulation. 2010;121:2109-2116.
Vlak MH, Rinkel GJ, Greebe P, van der Bom JG, Algra A. Trigger factors and their attributable
risk for rupture of intracranial aneurysms: a case-crossover study. Stroke. 2011;42:1878-1882.
Tsugane S, Sawada N. The JPHC study: design and some findings on the typical Japanese diet.
Jpn J Clin Oncol. 2014;44:777-782.

Kubota Y, Iso H, Sawada N, Tsugane S; JPHC Study Group. Association of Breakfast Intake
With Incident Stroke and Coronary Heart Disease: The Japan Public Health Center-Based Study.
Stroke. 2016;47:477-481.

Fujii H, Yamamoto S, Takeda-Imai F, Inoue M, Tsugane S, Kadowaki T, et al. Validity and

applicability of a simple questionnaire for the estimation of total and domain-specific physical

14



10

11

12

13

14

15

16

17

18

19

20

21

22

23

19.

20.

21.

22,

23.

24,

25.

26.

27.

activity. Diabetol Int. 2011;2:47-54.

Kubota Y, Iso H, Yamagishi K, Sawada N, Tsugane S. Daily total physical activity and incident
cardiovascular disease in Japanese men and women: Japan Public Health Center Based
Prospective Study. Circulation. In press.

Walker AE, Robins M, Weinfeld FD. The National Survey of Stroke. Clinical findings. Stroke.
1981;12(2 Pt 2 Suppl 1):113-44.

Iso H, Rexrode K, Hennekens CH, Manson JE. Application of computer tomography-oriented
criteria for stroke subtype classification in a prospective study. Ann Epidemiol. 2000;10:81-87.
Kyu HH, Bachman VF, Alexander LT, Mumford JE, Afshin A, Estep K, 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;354:13857.

Autenrieth CS, Evenson KR, Yatsuya H, Shahar E, Baggett C, Rosamond WD. Association
between physical activity and risk of stroke subtypes: the atherosclerosis risk in communities
study. Neuroepidemiology. 2013;40:109-116.

Caplan LR. Brain embolism, revisited. Neurology. 1993;43:1281-1287.

Bogousslavsky J, Cachin C, Regli F, Despland PA, Van Melle G, Kappenberger L. Cardiac
sources of embolism and cerebral infarction--clinical consequences and vascular concomitants:
the Lausanne Stroke Registry. Neurology. 1991;41:855-859.

Arboix A, Ali6 J. Cardioembolic stroke: clinical features, specific cardiac disorders and
prognosis. Curr Cardiol Rev. 2010;6:150-161.

Jargensen HS, Nakayama H, Reith J, Raaschou HO, Olsen TS. Acute stroke with atrial

fibrillation. The Copenhagen Stroke Study. Stroke. 1996;27:1765-17609.

15



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

28.

29.

30.

31.

32.

33.

34.

35.

Marini C, De Santis F, Sacco S, Russo T, Olivieri L, Totaro R, et al. Contribution of atrial
fibrillation to incidence and outcome of ischemic stroke: results from a population-based study.
Stroke. 2005;36:1115-1119.

Grau AJ, Weimar C, Buggle F, Heinrich A, Goertler M, Neumaier S, et al. Risk factors,
outcome, and treatment in subtypes of ischemic stroke: the German stroke data bank. Stroke.
2001;32:2559-2566.

Violi F, Soliman EZ, Pignatelli P, Pastori D. Atrial Fibrillation and Myocardial Infarction: A
Systematic Review and Appraisal of Pathophysiologic Mechanisms. J Am Heart Assoc. 2016;5.
pii: e003347.

Chiang CE, Zhang S, Tse HF, Teo WS, Omar R, Sriratanasathavorn C. Atrial fibrillation
management in Asia: from the Asian expert forum on atrial fibrillation. Int J Cardiol.
2013;164:21-32.

Arem H, Moore SC, Patel A, Hartge P, Berrington de Gonzalez A, Visvanathan K, et al. Leisure
time physical activity and mortality: a detailed pooled analysis of the dose-response relationship.
JAMA Intern Med. 2015;175:959-967.

Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, et al. Does
physical activity attenuate, or even eliminate, the detrimental association of sitting time with
mortality? A harmonised meta-analysis of data from more than 1 million men and women.
Lancet. 2016;388:1302-1310.

Moore SC, Patel AV, Matthews CE, Berrington de Gonzalez A, Park Y, Katki HA, et al.
Leisure time physical activity of moderate to vigorous intensity and mortality: a large pooled
cohort analysis. PLoS Med. 2012;9:e1001335.

Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary RA, et al. Guide to the
assessment of physical activity: Clinical and research applications: a scientific statement from

the American Heart Association. Circulation. 2013;128:2259-2279.

16



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
25
26

FIGURE LEGEND

Figure 1. Multivariable-adjusted (age, smoking status, ethanol intake, parental history of
cardiovascular disease, daily sedentary time, living alone and public health area) associations of total
physical activity level (METs/day) with stroke outcomes in men and women. Solid, dashed lines, and
dots represent hazard ratios, 95% confidence intervals, and 5th, 25th, 50th, 75th, and 95th percentiles,

respectively. The reference value was the zero percentile for all graphs.

Figure 2. Multivariable-adjusted [age, smoking status, ethanol intake, parental history of
cardiovascular disease, daily sedentary time, living alone, public health area and moderate- (for
vigorous activities) or vigorous- (for moderate activities) intensity activities] associations of
moderate- and vigorous-intensity activities (METs/day) with hemorrhagic stroke in men and women.
Solid, dashed lines, and dots represent hazard ratios, 95% confidence intervals, and 5th, 25th, 50th,
75th, and 95th percentiles, respectively (for vigorous-intensity activities, 5th and 25th were the same

value). The reference value was the zero percentile for all graphs.
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1 Table 1. Age-, Sex-adjusted Baseline Characteristics According to Daily Total Physical Activity Level

2 Quartiles, Japan Public Health Center Study, 2000-2003 (74,913 men and women).

Quartiles of MET-hours per day in Men and Women

Lowest Second Third Highest P for trend
Median (range) 1.0 (0-3.2) 5.4 (3.3-8.3) 13.0(8.4-18.7)  28.0(18.8-68.4)
Number at risk 16,955 20,386 18,779 18,793
Potential confounding factors
Age, years 62.8 8.1 60576 60.8+7.2 60.2 £6.9 <0.001
Male, % 44.6 41.2 44.6 56.1 <0.001
Current smoker, % 22.8 20.3 20.5 21.8 0.571
Ethanol intake g/week 95.2+196.8 97.5+1825 102.4 + 200.0 115.8 £247.6 <0.001
Parental history of cardiovascular 10.2 114 11.6 9.8 0.404
disease, %
Sedentary time, hours/day 9.6+34 10.1+3.0 9.6+26 83124 <0.001
Living alone, % 8.5 7.1 6.2 5.6 <0.001
Potential Mediators
Body mass index, kg/m? 23.8+3.4 23.8+3.2 23.7+3.1 23.6+3.0 <0.001
Systolic blood pressure, mmHg* 131.9+16.6 131.6 £ 16.7 131.5+18.6 131.3+19.3 0.005
Diastolic blood pressure, mmHg* 78.9+17.8 78.9+16.4 78.7 +13.6 78.3+18.9 0.004
Medication use for hypertension, % 25.8 25.7 24.0 22.1 <0.001
Medication use for 8.1 8.6 8.2 7.1 0.001
hypercholesterolemia, %
History of diabetes, % 6.5 6.3 5.7 5.3 <0.001
Medication use for diabetes, % 5.1 4.4 3.9 3.6 <0.001
3 Values are presented as age-, sex-adjusted means * standard deviations for continuous variables and age,

4 sex-adjusted percentages for categorical variables.

5  *Only available for subsample (23 243 men and 28 478 women)
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1 Table 2. Hazard Ratios (HR) and 95% Confidence Intervals (Cl) for Incident Stroke According to Daily Total

2  Physical Activity Level Quartiles, Japan Public Health Center Study, 2000-2012 (74,913 men and women).

Quartiles of MET-hours per day in Men and Women

Lowest Second Third Highest
Median (range) 1.0 (0-3.2) 5.4 (3.3-8.3) 13.0 (8.4-18.7) 28.0 (18.8-68.4)
Number at risk 16,955 20,386 18,779 18,793
Person-years 153,091 191,052 177,027 177,776
Total stroke, n (%) 756 (4.5) 663 (3.3) 638 (3.4) 681 (3.6)
Age, sex-adjusted HR (95% CI) 1 0.83(0.75-0.92)  0.82(0.74-0.92)  0.86 (0.78-0.96)
Multivariable* HR (95% CI) 1 0.83(0.75-0.93)  0.83(0.75-0.92)  0.87 (0.78-0.96)
Hemorrhagic stroke, n (%) 260 (1.5) 230 (1.1) 248 (1.3) 269 (1.4)
Age, sex-adjusted HR (95% CI) 1 0.79 (0.66-0.94)  0.90 (0.75-1.01)  0.96 (0.81-1.15)
Multivariable* HR (95% CI) 1 0.79 (0.66-0.94)  0.90(0.76-1.07)  0.98 (0.82-1.17)
Intraparenchymal hemorrhage, n (%) 195 (1.2) 169 (0.8) 180 (1.0) 203 (1.1)
Age, sex-adjusted HR (95% CI) 1 0.80 (0.65-0.98)  0.88 (0.72-1.08) 0.96 (0.79-1.17)
Multivariable* HR (95% CI) 1 0.79 (0.64-0.97)  0.88(0.72-1.08)  0.98 (0.80-1.20)
Subarachnoid hemorrhage, n (%) 65 (0.4) 61 (0.3) 68 (0.4) 66 (0.4)
Age, sex-adjusted HR (95% CI) 1 0.77 (0.54-1.09)  0.94 (0.67-1.32) 0.97 (0.68-1.37)
Multivariable* HR (95% CI) 1 0.78 (0.55-1.10)  0.95(0.68-1.34)  0.98 (0.69-1.39)
Ischemic stroke, n (%) 494 (2.9) 429 (2.1) 388 (2.1) 410 (2.2)
Age, sex-adjusted HR (95% CI) 1 0.85 (0.75-0.97)  0.79(0.69-0.90)  0.81 (0.71-0.92)
Multivariable* HR (95% CI) 1 0.86 (0.75-0.98)  0.79(0.69-0.90)  0.81 (0.71-0.92)
Non-embolic infarction, n (%) 340 (2.0) 306 (1.5) 268 (1.4) 292 (1.6)
Age, sex-adjusted HR (95% CI) 1 0.87 (0.74-1.01)  0.78 (0.66-0.91)  0.82 (0.70-0.96)
Multivariable* HR (95% CI) 1 0.87 (0.75-1.02)  0.78 (0.67-0.92)  0.83 (0.71-0.98)
Embolic infarction, n (%) 153 (0.9) 120 (0.6) 121 (0.6) 118 (0.6)
Age, sex-adjusted HR (95% CI) 1 0.80 (0.63-1.02)  0.82(0.64-1.04)  0.78 (0.61-0.99)
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*Adjusted for age, sex, smoking status, ethanol intake, parental history of cardiovascular disease, daily

sedentary time, living alone and public health area.
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