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Background—Active commuting is related to a higher level of physical activity but more exposure to ambient air pollutants. With
the rather serious air pollution in urban China, we aimed to examine the association between active commuting and risk of incident
cardiovascular disease in the Chinese population.

Methods and Results—A total of 104 170 urban commuters without major chronic diseases at baseline were included from China
Kadoorie Biobank. Self-reported commuting mode was defined as nonactive commuting, work at home or near home, walking, and
cycling. Multivariable Cox regression was used to examine associations between commuting mode and cardiovascular disease.
Overall, 47.2% of the participants reported nonactive commuting, 13.4% reported work at home or work near home, 20.1% reported
walking, and 19.4% reported cycling. During a median follow-up of 10 years, we identified 5374 incidents of ischemic heart
disease, 664 events of hemorrhagic stroke, and 4834 events of ischemic stroke. After adjusting for sex, socioeconomic status,
lifestyle factors, sedentary time, body mass index, comorbidities, household air pollution, passive smoking, and other domain
physical activity, walking (hazard ratio, 0.90; 95% Cl, 0.84-0.96) and cycling (hazard ratio, 0.81; 95% Cl, 0.74-0.88) were
associated with a lower risk of ischemic heart disease than nonactive commuting. Cycling was associated with a lower risk of
ischemic stroke (hazard ratio, 0.92; 95% Cl, 0.84—1.00). No significant association was found of walking or cycling with
hemorrhagic stroke. The associations of commuting mode with major cardiovascular disease were consistent among men and
women and across different levels of other domain physical activity.

Conclusions—In urban China, cycling was associated with a lower risk of ischemic heart disease and ischemic stroke. Walking was
associated with a lower risk of ischemic heart disease. (J Am Heart Assoc. 2019;8:e012556. DOI: 10.1161/JAHA.119.
012556.)
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nsufficient physical activity is one of the leading risk
factors for cardiovascular diseases (CVDs). Active com-
muting such as walking and cycling to and from work has

commuters, however, had the highest inhalation and uptake
dose of air pollutants because of increased inhalation rates,’
which may counteract its beneficial effects on cardiovascular

been advocated to improve physical activity. Active health.
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Active Commuting and CVDs Fan et al

Clinical Perspective

What Is New?

Little is known whether the long-term benefits of active
commuting on cardiovascular health still hold in China,
where air pollution is severer than the developed countries.
In this prospective cohort study of Chinese urban adults,
commuting by cycling was associated with a reduced risk of
ischemic heart disease and ischemic stroke; and walking
was associated with a reduced risk of ischemic heart
disease.

» The protective effects of cycling and walking commuting
were persistent in populations of different characteristics.

What Are the Clinical Implications?

* Our findings support public health efforts to encourage
adults to adopt a more active mode of commuting,
particularly by cycling, to deliver cardiovascular benefits at
the population level.

Evidence for the long-term effects of active commuting on
CVDs has not been consistent.””” A recent study of 263 540
participants from UK Biobank reported that commuting by
cycling and walking were associated with a lower risk of CVD
incidence.® However, the previous work was limited by several
potential biases, for example, no adjustment for overall
noncommuting activity level and no differentiation between
different cardiovascular end points (ischemic heart disease
[IHD] and stroke). More importantly, little is known regarding
whether such long-term protective effects persist in other
nonwhite populations from developing countries, like the
Asian population, where air pollution is severer than in the
developed countries. Therefore, in the present study of China
Kadoorie Biobank (CKB), we aimed to examine the association
between active commuting and risk of incident CVDs, which
combines counteracting effects of physical activity and air
pollution, in the Chinese population.

Methods
Study Design

Details of how to access CKB data and details of the data
release schedule are available online.” The CKB is a large,
population-based prospective cohort of >0.5 million Chinese
adults. Details of the study design and sample characteristics
have been described previously.'®'" Briefly, the CKB study
took place in 10 geographically defined regions (5 urban and
5 rural) of China between 2004 and 2008. These regions were
chosen according to local disease patterns, exposure to
certain risk factors, population stability, quality of death and

disease registries, local commitment, and capacity. All
registered residents aged 35 to 74 years were identified
through official residential records, then invited to participate
in the baseline survey; ~30% of those invited responded (33%
[26%—38%] in rural areas and 27% [16%—50%] in urban areas).
Overall, a total of 512 715 men and women (including a few
slightly outside the target age range) were recruited. At the
baseline survey, trained health workers collected detailed
information using an interview-administered laptop-based
questionnaire; took physical measurements; and collected
blood samples for long-term storage. All participants provided
written informed consent. The Ethical Review Committee of
the Chinese Center for Disease Control and Prevention
(Beijing, China) and the Oxford Tropical Research Ethics
Committee, University of Oxford (UK) approved the study.

Assessment of Physical Activity

The baseline questions on physical activity were adapted from
validated questionnaires as previously described.''® We
asked participants about their usual type and duration for
each of the 4 domains of physical activity (occupational,
commuting, household, and leisure time) during the past year.
The updated 2011 Compendium of Physical Activities was
used to assign an intensity level of each activity.'* The
physical activity level of each activity was calculated by
multiplying its assigned metabolic equivalent value by hours
spent on that activity per day.

For commuting behavior, there were 2 sets of commuting-
related questions: nonfarmers employed at baseline were
asked, “In the past 12 months, how did you usually get to and
from work?” with the responses being: (1) mainly walked; (2)
by bicycle; (3) motorcycle or moped; (4) by car or by bus/
ferry/train; (5) mainly work at home or work near home. Daily
commuting time (in minutes) was also recorded, except
participants who responded “mainly work at home or work
near home.” For “farmers,” however, only 1 related question
was asked: “How many minutes do you usually spent walking
or cycling to and from work on a typical day?.” Thus, we
restricted our analyses to nonfarmers from 5 urban areas,
among whom complete commuting information was collected.

We derived 4 commuting categories: nonactive (motorcy-
cle or moped, by car, or by bus/ferry/train); mainly work at
home or work near home; walking; and cycling. For walking
and cycling, we further categorized participants into 4 groups
according to the daily commuting time reported by the
participant: <15, 15 to 29, 30 to 59, and >60 minutes/day.

After completion of the baseline survey, we randomly
selected about 5% of the surviving participants in 10 areas for
the first resurvey during 2008. To test the reproducibility of
the reported commuting time, total physical activity level, and
transport mode, we analyzed 1300 participants who
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completed the same questionnaire twice at a median interval
of 1.4 years. The respective intraclass correlation coefficient
between the 2 questionnaires was 0.42 for commuting time
and 0.59 for total physical activity level, and the classification
agreement was 84.3% (k=0.49; P<0.001) for commuting
mode.

Assessment of Covariates

Covariate information collected in the baseline questionnaire
included sociodemographic characteristics (age, sex, educa-
tion, marital status, household income, and occupation),
lifestyle behaviors (alcohol consumption, smoking status, and
intakes of red meat, fresh fruits, and vegetables, leisure
sedentary time), passive smoking, household air pollution
(cooking pollution and heating pollution), personal health and
medical history (hypertension and diabetes mellitus), and
family histories of heart attack or stroke.

Trained staff undertook baseline measurements of body
weight, height, and blood pressure by using calibrated
instruments. Body mass index (BMI) was calculated as
measured weight in kilograms divided by height in meters
squared. Prevalent hypertension was defined as a measured
systolic blood pressure of 140 mm Hg or more, a measured
diastolic blood pressure of 90 mm Hg or more, self-reported
diagnosis of hypertension, or self-reported use of antihyper-
tensive drugs at baseline. Prevalent diabetes mellitus was
defined as measured fasting blood glucose >7.0 mmol/L,
measured random blood glucose >11.1 mmol/L, or self-
reported diagnosis of diabetes mellitus.

Ascertainment of Study Outcomes

We collected participants’ status periodically through local
disease and death registries, as well as the national health
insurance system.'® Electronic linkage with the health
insurance system is carried out every 6 months in each
region. Almost all of the study participants (=~98%) had been
successfully linked to the health insurance databases. If
participants failed to be linked, active confirmation of status
was conducted annually by local street committees or village
administrators. Fatal and nonfatal events were coded using
the International Classification of Diseases, Tenth Revision
(/ICD-10) by trained staff “blinded” to baseline exposures. The
primary study outcomes were the incidence of the following
diseases: IHD (120-125), hemorrhagic stroke (I61), and
ischemic stroke (IS, 163).

Statistical Analysis

For the present analysis, we included nonfarmers from 5
urban areas (n=217 076), among whom complete commuting

information was collected. We further excluded participants
who reported no work (n=110 670); those who reported a
history of heart disease (n=10 453), stroke (n=5241), or
cancer (n=1390) at baseline; and those who were recorded
with an implausible censoring date for loss to follow-up (n=1),
leaving 104 170 participants for the final analyses. Analyses
were conducted with Stata (version 13.0, StataCorp, College
Station, TX). Statistical tests were 2-sided, and P<0.05 was
considered to indicate statistical significance.

Person-years at risk were calculated from the recruitment
date at baseline to the date of study outcome diagnosis,
death, loss to follow-up, or December 31, 2016, whichever
occurred first. By December 31, 2016, 4781 (<1%) partici-
pants were lost to follow-up. Stratified Cox regression was
used to estimate hazard ratios (HRs) and 95% Cls for incident
risks of major CVDs associated with baseline commuting
mode, with stratification on age at risk (5-year intervals) and
study area. The use of age at risk and study area—stratified
Cox models is a standard method used in the CKB.
Stratification allows for different baseline hazard function
for each stratum.'® The proportional hazards assumption for
the stratified Cox model was checked by a test and graph
based on Schoenfeld residuals and the proportional hazards
assumption was satisfied. The reference category for all
analyses was nonactive commuting, in line with previous
analyses of the United Kingdom. Models were adjusted for
sex, education (no formal school, primary school, middle
school, high school, or college or university or higher); marital
status (married, widowed, divorced/separated, or never
married); household income (<10 000, 10 000-19 999,
>20 000 Chinese renminbi/year); occupation (factory worker,
administrator/manager/professional /technical,  sales/ser-
vice workers/self-employed, or others); alcohol consumption
(less than weekly; former regular drinkers; weekly; or <15,
15-29, 30-59, or >60 g/d of pure alcohol); smoking status
(never/occasional smokers, former smokers who had
stopped smoking for reasons other than illness for
>6 months, current smokers and former smokers who
stopped smoking because of illness: 1-14, 15-24, or >25
cigarettes or equivalents/day); intake frequencies of red
meat, fresh fruits, and vegetables (daily, 4-6 d/wk, 1-3 d/
wk, monthly, or rarely or never); leisure sedentary time (in
hours per day); family histories of heart attack or stroke (yes
or no, only in the corresponding analysis); BMI (in kilograms
per meter squared); prevalent hypertension (yes or no);
prevalent diabetes mellitus (yes or no); cooking pollution
(never or rarely cooking; cooking with clean fuels, solid fuels,
or other fuels); heating pollution (no winter heating; winter
heating with clean fuels, solid fuels, or other fuels); passive
smoking (no exposure, lived with smoker <20 years, lived
with smoker >20 years and current exposure <20 h/wk, lived
with smoker >20 years and current exposure >20 h/wk); and
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work, housework, and leisure time—specific physical activity
level (in metabolic equivalents, hours per day). We further
examined the associations of daily walking and cycling time
with incident risks of major CVDs on the basis of the
multivariable adjusted Cox models (<15, 15-29, 30-59, and
>60 min/d compared with nonactive commuting, respec-
tively). To test the linear trend across categories, we assigned
the median value to each commuting time category and then
treated the variable as continuous in a separate Cox model.

To examine whether the association of commuting mode
with major CVDs differed by baseline characteristics, sub-
group analyses were conducted to test for interaction of
commuting mode with 13 baseline factors: sex (men or
women), age (<50 or >50 years), education (illiterate/primary
school or middle school and above), marital status (unmarried
or married), household income (<20 000 or >20 000 Chinese
renminbi/y), occupation (factory worker or not), smoking
status (current daily smoker or not), alcohol consumption
(current weekly drinker or not), other domain physical activity
level (categorized using tertile cutoffs), leisure sedentary time
(<8 or 23 h/d), BMI (<24.0, 24.0-27.9, or >28.0), hyperten-
sion (yes or no), and diabetes mellitus (yes or no). In the
subgroup and interaction analyses, stratified Cox models were
used and analyses were done separately for each baseline
characteristic. The tests for interaction were performed by
means of likelihood ratio tests, which involved comparing
models with and without cross product terms between the
baseline characteristic and categories of commuting mode.
We further conducted sensitivity analyses to reduce the
potential impact of reverse causation by excluding events
occurring during the first 2 years of follow-up.

Results

Characteristics of Study Participants

Among the 104 170 commuters analyzed, the mean age was
45.9 years and 48.6% were women. Overall, 47.2% of the
participants reported nonactive commuting, 13.4% reported
work at home or work near home, 20.1% reported walking,
and 19.4% reported cycling, respectively (Table 1). In general,
active commuters were, on average, older, more likely to be
women, had lower education level and household income, had
a higher level of other domain physical activity, and tended to
use solid fuels for cooking and heating, compared with
nonactive commuters.

Association Between Commuting Mode and CVDs

The median follow-up period was 9.9 years (total person-
years, 985 716) for incident CVD. Over the follow-up period,
there were 5374 events of IHD, 664 events of hemorrhagic

stroke, and 4834 events of IS documented. Table 2 shows the
associations between baseline commuting mode and prospec-
tive cardiovascular outcomes. After adjusting for sex, socioe-
conomic status, lifestyle factors, sedentary time, BMI,
comorbidities, household air pollution, passive smoking, and
other domain physical activity, work at home or near home
(HR, 0.90; 95% Cl, 0.82-0.99), walking (HR, 0.90; 95% ClI,
0.84-0.96), and cycling (HR, 0.81; 95% CI, 0.74-0.88) were
associated with a lower risk of IHD than nonactive commut-
ing. For IS, an inverse association was observed for cycling
(HR, 0.92; 95% CI, 0.84-1.00). Moreover, there was no
significant association for work at/near home, walking, or
cycling for hemorrhagic stroke. These associations were
consistent across sex (all P~0.05 for heterogeneity; Figure,
Tables S1 through Table S3).

Table 3 shows that among active commuters there were
distinct dose-response trends for IHD incidence by daily
commuting time (P<0.001 for trend). For walking, the
adjusted HRs for IHD were 1.00 (95% Cl, 0.87—1.15), 0.95
(95% Cl, 0.85—1.06), 0.87 (95% Cl, 0.79—-0.95), and 0.82 (95%
Cl, 0.71-0.95) among those who reported <15, 15 to 29, 30
to 59, and >60 minutes of walking compared with those who
reported nonactive commuting. For cycling, the respective
HRs were 0.85 (95% Cl, 0.68—-1.07), 0.73 (95% Cl, 0.63-0.86),
0.82 (95% Cl, 0.73-0.92), and 0.79 (95% Cl, 0.67-0.92).
There were no dose-response trends for IS and hemorrhagic
stroke incidence by daily active commuting time (Table 3).

In the sensitivity analyses of excluding events occurring
during the first 2 years of follow-up, similar associations were
also observed.

Subgroup Analyses

We further analyzed the associations between commuting
mode and cardiovascular outcomes according to other
potential baseline risk factors; associations were generally
similar across subgroups stratified according to sex, age,
education level, marital status, household income, occupation,
smoking status, alcohol consumption, level of other domain
physical activity, leisure sedentary time, BMI, diabetes
mellitus, and hypertension (all P>0.05 for interaction, except
for marital status: P=0.033 for interaction) (Figure, Tables S2
through S4).

Discussion

In this large population-based prospective study of Chinese,
we found that daily commuting by walking and cycling,
particularly those who commuted for a longer duration, were
associated with lower risks of IHD. The protective effect on
IHD was more robust from cycling than walking. In addition,
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Table 1. Baseline Characteristics of 104 170 Study Participants According to Baseline Commuting Mode

Work at Home or
Nonactive Commuting Near Home Walking Cycling

Participants, n (%) 49 145 (47.2) 13 936 (13.4) 20 912 (20.1) 20 177 (19.4)
Age, y 44.3 (6.7) 49.1 (9.1) 45.9 (7.2) 47.7 (7.6)
Men, % 58.0 43.6 42.9 49.2
Middle school and above, % 83.1 77.4 80.8 76.6
Married, % 94.0 92.0 93.1 93.5
Household income >20 000 Chinese renminbi/y, % 771 62.4 66.2 59.7
Factory worker, % 49.8 25.8 475 61.0
Current weekly alcohol drinker, % 25.0 23.2 23.8 22.8
Current daily smoker, % 35.0 34.6 33.6 32.7
Average weekly consumption*

Red meat, d/wk 5.3 (2.2) 022 122 5.0 (2.1)

Fresh vegetable, d/wk 6.9 (0.4 .9 (0.5) .9 (0.6) 6.9 (0.6)

Fresh fruit, d/wk 4.0 (2.4) .5 (2.6) 9 (2.6) 3.5 (2.6)
Other domain PA level, MET, h/d" 24.5 (10.9) 245 (10.9) 25.6 (10.8) 28.2 (10.8)
Leisure sedentary time, h/d 2.8 (1.3) 2.9 (1.4) 2.8 (1.3) 2.6 (1.4)
Family history of heart attack, % 438 42 4.8 4.3
Family history of stroke, % 20.0 18.8 19.9 20.0
Body mass index, kg/m? 242 (3.3) 242 (3.2) 24.0 (3.2 23.8 (3.1)
Diabetes mellitus, % 4.4 4.8 4.3 3.6
Hypertension, % 24.6 26.0 255 24.0
Solid fuel use for cooking, % 3.1 49 3.8 55
Solid fuel use for heating, % 9.7 16.2 11.3 14.9
Secondhand smoking, % 88.2 88.0 86.8 87.8

Values are mean (standard deviation) or percentage. Values for age and sex were unadjusted, and those for other baseline characteristics were adjusted for age, sex, and study areas, using
logistic regression (for categorical variables) or multiple linear regression (for continuous variables). Linear trend was assessed by assigning consecutive integers to 4 commuting mode
categories in a separate model. All P values for trend were <0.003, except for family history of heart attack (P=0.035), family history of stroke (P=0.845), and hypertension (P=0.443). MET

indicates metabolic equivalent; PA, physical activity.

*A short qualitative food frequency questionnaire was used to assess the habitual intakes of red meat, fresh vegetables, and fruits. Average weekly consumptions of red meat, fresh
vegetables, and fruits were calculated by assigning participants to the midpoint of their consumption category.
TOther domain physical activity including occupational, housework, and leisure-time physical activity.

cycling but not walking was associated with lower risk of IS.
For hemorrhagic stroke, no significant association was found
for walking or cycling. The associations of active commuting
with major CVDs were consistent among men and women and
across different levels of other domain physical activity.
Existing literature on active commuting mainly focused on
CVD,8 coronary heart disease,5’6 and cardiovascular risk
factors."””'? Our finding that active commuting was associ-
ated with a reduced risk of IHD was in agreement with these
studies. The risk reduction was larger in the cycling group
than in the walking group, reflecting the greater physiological
intensity of cycling compared with walking.8 The associations
between active commuting and IHD were independent of
potential confounding factors such as sex, age, socioeco-
nomic status, other lifestyle factors, sedentary time, BMI, and

comorbidities, although inclusion of these variables reduced
the strength of the association. Our findings were strength-
ened by the fact that there was a dose-response relationship
in reductions of IHD risk related to walking or cycling time
spent commuting (minutes per day). The risk for developing
IHD decreases as walking or cycling time increases. Taken
together, active commuting, particularly cycling, is important
to deliver IHD benefits among the Chinese population. To
produce greater benefits, longer duration may be needed.
Intriguingly, we noted that the benefits of walking or
cycling on IHD estimated in the present analysis were weaker
than that previously reported in UK Biobank on CVD events
(walking: HR, 0.73, 95% Cl, 0.54-0.99; cycling: 0.54; 95% Cl,
0.33-0.88). Several factors may account for this difference.
First, it is more likely that cyclists are highly selected in the
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Table 2. Adjusted Hazard Ratios for Cardiovascular Diseases by Baseline Commuting Mode

Work at Home or
Nonactive Commuting Near Home Walking Cycling

Participants, n 49 145 13 936 20 912 20 177
Ischemic heart disease

Cases 2524 7 1358 775

Incidence rate per 1000 PYs* 6.00 5.42 5.17 4.34

Sex-adjusted [Reference] 0.88 (0.81-0.97) 0.86 (0.81-0.92) 0.71 (0.66-0.77)

Multivariable-adjusted [Reference] 0.90 (0.82-0.99) 0.90 (0.84-0.96) 0.80 (0.74-0.88)

Further adjusted for other domain PA* [Reference] 0.90 (0.82-0.99) 0.90 (0.84-0.96) 0.81 (0.74-0.88)
Ischemic stroke

Cases 1864 868 1243 859

Incidence rate per 1000 PYs* 4.82 5.48 5.02 443

Sex-adjusted [Reference] 1.11 (1.02-1.20) 1.05 (0.97-1.12) 0.90 (0.83-0.97)

Multivariable-adjusted” [Reference] 1.04 (0.95-1.13) 1.05 (0.97-1.13) 0.92 (0.84-1.00)

Further adjusted for other domain PA* [Reference] 1.04 (0.95-1.13) 1.05 (0.97-1.13) 0.92 (0.84-1.00)
Hemorrhagic stroke

Cases 266 126 122 150

Incidence rate per 1000 PYs* 0.60 0.82 0.57 0.68

Sex-adjusted [Reference] 1.30 (1.04-1.64) 0.94 (0.76-1.18) 1.11 (0.90-1.36)

Multivariable-adjusted [Reference] 1.17 (0.92, 1.48) 0.90 (0.72-1.12) 1.03 (0.83-1.28)

Further adjusted for other domain PA* [Reference] 1.17 (0.92-1.49) 0.89 (0.71-1.11) 1.01 (0.82-1.26)

Stratified Cox proportional models were used with stratification on age and study area. PA indicates physical activity; PY, person-year.

*The incidence rate per 1000 person-years was adjusted for age, sex, and study areas.

TMultivariable model was adjusted for sex, education; marital status; household income; occupation; alcohol consumption; smoking status; intake frequencies of red meat, fresh fruits, and
vegetables; leisure sedentary time; family histories of heart attack or stroke (only in the corresponding analysis); body mass index; prevalent hypertension; prevalent diabetes mellitus;

cooking pollution; heating pollution; and passive smoking.

Other domain physical activity including occupational, housework, and leisure-time physical activity (in metabolic equivalents, h/d).

United Kingdom. Only 2.7% cycled in the United Kingdom, and
they may be substantially different than the rest of the
population in other aspects. Second, mixed-mode commuting,
such as walking to the bus, was included in the reference
group, which may have led to an underestimation of the
health effect of active commuting. Third, a more comprehen-
sive adjustment was performed in this study. Moreover, the
average level of active commuting as well as other domain
physical activity, especially occupational physical activity, in
the Chinese population is much higher, and there is evidence
that the association of physical activity with CVD subtypes
attenuated at the high level (ie, =20 metabolic equivalents,
hours per day).?° In addition, such discrepancy might be partly
attributable to the differed levels of air pollution between the
United Kingdom and China.?" Few areas in China meet the
air quality standards recommended by the World Health
Organization.?? Previous studies found that exposures to air
pollutants during active commuting were associated with
acute adverse cardiovascular effects, including vascular
impairment, arterial stiffness, and vascular reactivity.?>2° It

is plausible that high exposure to air pollution during active
commuting in high-polluted areas may counteract the benefits
of active commuting on cardiovascular health.

In addition, we found that work at home or work near home
was associated with a lower risk of IHD compared with
nonactive commuting, and the HR estimate of IHD associated
with work at home or work near home was similar to that
observed with walking. One possible explanation may be that
those who work near home tend to walk to and from work and
are also considered commute actively. As for those who work
at home, they are considered nonactive, but they are less
likely to be exposed to ambient air pollutants compared with
nonactive commuters.

To our knowledge, only 1 study has assessed the associ-
ation between active commuting and the risk of stroke. The
study, conducted in Finland, which included 47 721 adults
and documented 2863 incident stroke events, showed that
walking or cycling to and from work was associated with a
reduced risk of IS but not with hemorrhagic stroke.?®
Consistent with previous results, we also found that cycling
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Subgroup Walking Cycling P for interaction
All —— 0.90 (0.84,0.96) — 0.81 (0.74,0.88)
Sex 0.428
Men —. 0.92 (0.84,1.01) — 0.86 (0.77,0.95)
Women —a 0.91 (0.82,1.00) —_— 0.80 (0.69,0.93)
Age at baseline 0.651
<50y —— 0.88 (0.81,0.96) — 0.77 (0.68,0.86)
250y —a 0.90 (0.80,1.00) —_— 0.85 (0.75,0.97)
Education level 0.252
llliterate/primary school _— 0.73 (0.55,0.98) —_— 0.70 (0.54,0.91)
Middle school and above —a— 0.90 (0.84,0.97) —a— 0.82 (0.74,0.89)
Marital status 0.033
Unmarried —_— 0.87 (0.69,1.10) & 0.74 (0.54,1.01)
Married —— 0.90 (0.84,0.97) —— 0.81 (0.75,0.89)
Household income 0.511
<20000 yuan/y —a 0.94 (0.83,1.05) —. 0.88 (0.77,1.01)
220000 yuanly —— 0.88 (0.81,0.95) —a 0.76 (0.68,0.85)
Occupation 0.810
Non-factory worker —— 0.92 (0.85,1.01) — 0.82 (0.72,0.93)
Factory worker —a 0.86 (0.77,0.95) —a 0.79 (0.70,0.89)
Smoking status 0.317
Not current daily smoker — 0.90 (0.82,0.98) — 0.82 (0.73,0.91)
Current daily smoker —a— 0.92 (0.82,1.03) — 0.83 (0.73,0.94)
Alcohol consumption 0.896
Not current weekly drinker —— 0.89 (0.82,0.97) —a— 0.78 (0.71,0.87)
Current weekly drinker — 0.91 (0.80,1.03) — 0.88 (0.76,1.02)
Other physical activity 0.894
Q1 —_— 0.92 (0.77,1.11) —_— 0.77 (0.59,1.02)
Q2 —e 0.87 (0.79,0.96) — 0.79 (0.69,0.91)
Q3 —a 0.92 (0.82,1.02) —a 0.84 (0.74,0.94)
Leisure sedentary time 0.412
<3 h/day —- 0.85 (0.77,0.94) — 0.76 (0.68,0.87)
23 h/day —— 0.95 (0.86,1.04) — 0.85 (0.75,0.95)
Body mass index (kg/m?) 0.806
<24 —a— 0.91 (0.82,1.02) —_— 0.81 (0.71,0.92)
24-<28 — 0.88 (0.79,0.98) — - 0.78 (0.69,0.89)
228 — = 0.88 (0.74,1.03) —. 0.88 (0.72,1.08)
Hypertension 0.109
No —a 0.92 (0.85,1.00) —a 0.77 (0.69,0.86)
Yes . 0.86 (0.77,0.97) —_— 0.87 (0.76,0.99)
Diabetes 0.299
No —a— 0.91 (0.85,0.98) —a 0.81 (0.74,0.89)
Yes —_— 0.79 (0.63,0.99) —_— 0.80 (0.60,1.06)
0|.5 O.IS 1|.0 1|.2 OI.5 OI.B 1I.0 1I.2
Hazard Ratio Hazard Ratio

Figure. Subgroup analysis of associations between active commuting and ischemic heart disease according to potential baseline risk factors.
The reference category for all analyses was nonactive commuting. Risk estimates for work at home or work near home are shown in Table S2.
The black boxes represent hazard ratios, and the horizontal lines represent 95% Cls. Stratified Cox models were used and analyses were done
separately for each baseline characteristic. Models were adjusted for sex; education; marital status; household income; occupation; alcohol
consumption; smoking status; intake frequencies of red meat, fresh fruits, and vegetables; leisure sedentary time; family history of heart attack;
body mass index; prevalent hypertension; prevalent diabetes mellitus; cooking pollution; heating pollution; passive smoking; and occupational,
housework, and leisure-time physical activity level, except for the stratified variable in the corresponding subgroup analysis.

was associated with IS and not associated with hemorrhagic
stroke. The reasons for the positive findings for IS versus the
null finding for hemorrhagic stroke are unclear. It may be
partly attributable to a relatively small number of events in the
hemorrhagic stroke analyses, which may lead to limited power
to detect an association. Future studies should further
evaluate these associations.

The strengths of the present study included large sample
size, a prospective cohort design, comprehensive information

on both commuting and the other 3 domain-specific physical
activities, careful control for a wide range of established and
potential confounders, and analyses of subtypes of CVDs.
Because of the large sample size, we were able to examine
the associations across population subgroups, which was not
available in the previous studies. However, the present study
had several limitations that need to be considered. Physical
activity, including the mode and duration of commuting
activity, was self-reported. Although our questionnaire was
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Table 3. Adjusted Hazard Ratios for Incident Cardiovascular Diseases by Daily Walking and Cycling Time

N Cases Incidence Rate* HR (95% Cl) P for Trend
Ischemic heart disease

Walking

<15 min/d 3727 217 6.03 1.00 (0.87-1.15) <0.001
15 to 29 min/d 6342 403 5.42 0.95 (0.85-1.06)
30 to 59 min/d 8037 545 5.00 0.87 (0.79-0.95)
>60 min/d 2806 193 4383 0.82 (0.71-0.95)

Cycling
<15 min/d 2364 76 4.20 0.85 (0.68-1.07) <0.001
15 to 29 min/d 4999 178 3.63 0.73 (0.63-0.86)
30 to 59 min/d 8103 339 4.01 0.82 (0.73-0.92)
>60 min/d 4711 182 3.73 0.79 (0.67-0.92)

Ischemic stroke
Walking
<15 min/d 3727 194 4.98 1.04 (0.89-1.21) 0.520
15 to 29 min/d 6342 362 477 1.06 (0.95-1.19)
30 to 59 min/d 8037 507 4.83 1.06 (0.96-1.17)
>60 min/d 2806 180 4.48 0.99 (0.85-1.16)

Cycling
<15 min/d 2364 83 3.79 0.91 (0.73-1.14) 0.059
15 to 29 min/d 4999 191 3.55 0.85 (0.73-0.99)
30 to 59 min/d 8103 380 417 0.98 (0.87-1.10)
>60 min/d 4711 205 3.67 0.87 (0.74-1.01)

Hemorrhagic stroke

Walking
<15 min/d 3727 19 0.49 0.78 (0.49-1.25) 0.233
15 to 29 min/d 6342 36 0.52 0.84 (0.59-1.20)
30 to 59 min/d 8037 52 0.59 0.95 (0.70-1.29)
>60 min/d 2806 15 0.46 0.74 (0.43-1.25)

Cycling
<15 min/d 2364 18 0.72 1.02 (0.62-1.67) 0.303
15 to 29 min/d 4999 30 0.54 0.81 (0.55-1.19)
30 to 59 min/d 8103 72 0.80 1.14 (0.87-1.51)
>60 min/d 4711 30 0.50 0.73 (0.49-1.09)

The reference category for all analyses was nonactive commuting. Stratified Cox proportional models were used with stratification on age and study area. Models were adjusted for sex;
education; marital status; household income; occupation; alcohol consumption; smoking status; intake frequencies of red meat, fresh fruits, and vegetables; leisure sedentary time; family
history of heart attack or stroke (only in the corresponding analysis); body mass index; prevalent hypertension; prevalent diabetes mellitus; cooking pollution; heating pollution; passive
smoking; occupational, housework, and leisure-time physical activity level. HR indicates hazard ratio.

*The incidence rate per 1000 person-years was adjusted for age, sex, and study areas.

shown to be reproducible, recall bias might have occurred.
However, any bias introduced by misclassification of com-
muting behavior would probably lead to an underestimation of
the association between active commuting and CVD out-
comes.?” We could not differentiate between car commuters

and public transport commuters, and we combined public
transport commuters into the reference category, which may
have led to further underestimations of the health effects of
active commuting. Moreover, we are unable to account
for speed and distance of commuting, and commuting
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information was recorded at baseline and might not reflect
the changes over time. A further limitation was that we were
not able to assess the potential region difference (urban
versus rural) in associations of active commuting with
cardiovascular outcomes because of a lack of information
among farmers. In addition, our results primarily concern
middle-aged and older commuters living in urban cities. The
applicability of our findings to other age and racial/ethnic
groups needs to be addressed in further research. Finally,
although we have adjusted for multiple confounding factors,
residual confounding, particularly socioeconomic status, was
still possible. However, active commuting was associated with
low socioeconomic status in this study population.

Conclusions

In summary, our study is the first and thus far the largest
prospective investigation on the long-term associations
between active commuting and CVDs in Chinese (Asians).
We found that daily cycling to and from work is related to a
reduced risk of IHD and IS in urban China. Walking was
associated with a lower risk of IHD. Our findings provide
direct support for policies that encourage adults to participate
in active commuting to deliver health benefits at the
population level.

Acknowledgments

The most important acknowledgement is to the participants in the
study and the members of the survey teams in each of the 10 regional
centers, as well as to the project development and management
teams based at Beijing, Oxford, and the 10 regional centers.

Sources of Funding

This work was supported by grants (2016YFC0900500,
2016YFC0900501, 2016YFC0900504) from the National
Key R&D Program of China. The CKB baseline survey and
the first resurvey were supported by a grant from the
Kadoorie Charitable Foundation in Hong Kong. The long-term
follow-up is supported by grants from the UK Wellcome Trust
(202922/72/16/Z, 088158/72/09/Z, 104085/Z/14/2),
National Natural Science Foundation of China (81390540,
81390544, 81390541), and Chinese Ministry of Science
and Technology (2011BAI09B01). Dr Qi is supported by
grants from the National Heart, Lung, and Blood Institute
(HLO71981, HL034594, HL126024) and the National Institute
of Diabetes and Digestive and Kidney Diseases (DK115679,
DK091718, DK100383, DK078616). Fan is a recipient of a
scholarship under the China Scholarship Council to pursue
her study in the United States of America (201706010313).
The funders had no role in the study design, data collection,

data analysis and interpretation, writing of the report, or the
decision to submit the article for publication.

Disclosures

None.

References

1. Cepeda M, Schoufour J, Freak-Poli R, Koolhaas CM, Dhana K, Bramer WM,
Franco OH. Levels of ambient air pollution according to mode of transport: a
systematic review. Lancet Public Health. 2017;2:e23—e34.

2. Hamer M, Chida Y. Active commuting and cardiovascular risk: a meta-analytic
review. Prev Med. 2008;46:9—13.

3. Autenrieth CS, Baumert J, Baumeister SE, Fischer B, Peters A, Doring A,
Thorand B. Association between domains of physical activity and all-
cause, cardiovascular and cancer mortality. Eur J Epidemiol. 2011;26:
91-99.

4. Wanner M, Tarnutzer S, Martin BW, Braun J, Rohrmann S, Bopp M, Faeh D,
Cohort SN. Impact of different domains of physical activity on cause-specific
mortality: a longitudinal study. Prev Med. 2014;62:89-95.

5. Blond K, Jensen MK, Rasmussen MG, Overvad K, Tjonneland A, Ostergaard L,
Grontved A. Prospective study of bicycling and risk of coronary heart disease
in Danish men and women. Circulation. 2016;134:1409—1411.

6. Hu G, Jousilahti P, Borodulin K, Barengo NC, Lakka TA, Nissinen A, Tuomilehto
J. Occupational, commuting and leisure-time physical activity in relation to
coronary heart disease among middle-aged Finnish men and women.
Atherosclerosis. 2007;194:490-497.

7. Wagner A, Simon C, Evans A, Ferrieres J, Montaye M, Ducimetiere P, Arveiler
D; Grp PS. Physical activity and coronary event incidence in northern Ireland
and France - the prospective epidemiological study of myocardial infarction
(prime). Circulation. 2002;105:2247-2252.

8. Celis-Morales CA, Lyall DM, Welsh P, Anderson J, Steell L, Guo Y, Maldonado R,
Mackay DF, Pell JP, Sattar N, Gill JMR. Association between active commuting
and incident cardiovascular disease, cancer, and mortality: prospective cohort
study. BMJ. 2017;357:j1456.

9. China Kadoorie Biobank. China kadoorie biobank data access. 2015. Available
at: www.ckbiobank.org/site/Data+Access. Accessed August 30, 2019.

10. Chen Z, Chen J, Collins R, Guo Y, Peto R, Wu F, Li L; China Kadoorie Biobank
Collaborative Group. China Kadoorie Biobank of 0.5 million people: survey
methods, baseline characteristics and long-term follow-up. Int J Epidemiol.
2011;40:1652—-1666.

11. Chen Z, Lee L, Chen J, Collins R, Wu F, Guo Y, Linksted P, Peto R. Cohort
profile: the Kadoorie Study of Chronic Disease in China (KSCDC). Int J
Epidemiol. 2005;34:1243-1249.

12. Du HD, Li LM, Whitlock G, Bennett D, Guo Y, Bian Z, Chen JS, Sherliker P,
Huang Y, Zhang NM, Zheng XY, Li ZX, Hu RY, Collins R, Peto R, Chen ZM; China
Kadoorie Biobank Collaborative Group. Patterns and socio-demographic
correlates of domain-specific physical activities and their associations with
adiposity in the China Kadoorie Biobank study. BMC Public Health.
2014;14:826.

13. Du HD, Bennett D, Li LM, Whitlock G, Guo Y, Collins R, Chen JS, Bian Z, Hong
LS, Feng SX, Chen XF, Chen LL, Zhou RX, Mao EK, Peto R, Chen ZM; China
Kadoorie Biobank Collaborative Group. Physical activity and sedentary leisure
time and their associations with BMI, waist circumference, and percentage
body fat in 0.5 million adults: the China Kadoorie Biobank Study. Am J Clin
Nutr. 2013;97:487-496.

14. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-Locke
C, Greer JL, Vezina J, Whitt-Glover MC, Leon AS. 2011 compendium of physical
activities: a second update of codes and met values. Med Sci Sport Exer.
2011;43:1575-1581.

15. Yang GH, Stroup DF, Thacker SB. National public health surveillance in China:
implications for public health in China and the United States. Biomed Environ
Sci. 1997;10:1-13.

16. Ata N, Sozer MT. Cox regression models with nonproportional hazards applied
to lung cancer survival data. Hacet / Math Stat. 2007;36:157—167.

17. Flint E, Cummins S, Sacker A. Associations between active commuting, body
fat, and body mass index: population based, cross sectional study in the
United Kingdom. BM/. 2014;349:g4887.

18. Millett C, Agrawal S, Sullivan R, Vaz M, Kurpad A, Bharathi AV, Prabhakaran D,
Reddy KS, Kinra S, Smith GD, Ebrahim S; Grp IMS. Associations between

DOI: 10.1161/JAHA.119.012556

Journal of the American Heart Association 9

HDOYVHASHY TVYNIDIYO


http://www.ckbiobank.org/site/Data+Access

Active Commuting and CVDs

20.

21.

22.

Fan et al

active travel to work and overweight, hypertension, and diabetes in India: a
cross-sectional study. PLoS Med. 2013;10:e1001459.

. Flint E, Cummins S. Does active commuting protect against obesity in mid-

life? Cross-sectional, observational evidence from UK biobank. Lancet.
2015;386:S8.

Bennett DA, Du H, Clarke R, Guo Y, Yang L, Bian Z, Chen Y, Millwood |, Yu C,
He P, Zheng X, Collins R, Chen J, Peto R, Li L, Chen Z. Association of physical
activity with risk of major cardiovascular diseases in Chinese men and women.
JAMA Cardiol. 2017;2:1349—1358.

World Health Organization. Ambient air pollution: a global assessment of
exposure and burden of disease. WHO report. 2016.

Zhang QF, Crooks R. Toward an Environmentally Sustainable Future: Country
Environmental Analysis of the People’s Republic of China. 2012. © Asian
Development Bank. Available at: http://hdl.handle.net/11540/880. PDF
ISBN: 978-92-9092-713-6.

23.

24,

25.

27.

Lundback M, Mills NL, Lucking A, Barath S, Donaldson K, Newby DE,
Sandstrom T, Blomberg A. Experimental exposure to diesel exhaust increases
arterial stiffness in man. Part Fibre Toxicol. 2009;6:7.

Rundell KW, Caviston R. Ultrafine and fine particulate matter inhalation
decreases exercise performance in healthy subjects. / Strength Cond Res.
2008;22:2-5.

Cutrufello PT, Smoliga JM, Rundell KW. Small things make a big difference
particulate matter and exercise. Sports Med. 2012;42:1041-1058.

. Hu G, Sarti C, Jousilahti P, Silventoinen K, Barengo NC, Tuomilehto J. Leisure

time, occupational, and commuting physical activity and the risk of stroke.
Stroke. 2005;36:1994-1999.

Celis-Morales CA, Perez-Bravo F, Ibanez L, Salas C, Bailey ME, Gill JM. Objective
vs. self-reported physical activity and sedentary time: effects of measurement
method on relationships with risk biomarkers. PLoS One. 2012;7:e36345.

DOI: 10.1161/JAHA.119.012556

Journal of the American Heart Association 10

HDOYVIASHY TVYNIDIYO


http://hdl.handle.net/11540/880

Supplemental Material



Appendix

Members of the China Kadoorie Biobank collaborative group:

International Steering Committee: Junshi Chen, Zhengming Chen (PI), Robert Clarke, Rory
Collins, Yu Guo, Liming Li (PI), Jun Lv, Richard Peto, Robin Walters. International Co-
ordinating Centre, Oxford: Daniel Avery, Ruth Boxall, Derrick Bennett, Yumei Chang, Yiping
Chen, Zhengming Chen, Robert Clarke, Huaidong Du, Simon Gilbert, Alex Hacker, Mike Hill,
Michael Holmes, Andri Iona, Christiana Kartsonaki, Rene Kerosi, Ling Kong, Om Kurmi, Garry
Lancaster, Sarah Lewington, Kuang Lin, John McDonnell, Iona Millwood, Qunhua Nie,
Jayakrishnan Radhakrishnan, Paul Ryder, Sam Sansome, Dan Schmidt, Paul Sherliker, Rajani
Sohoni, Becky Stevens, lain Turnbull, Robin Walters, Jenny Wang, Lin Wang, Neil Wright, Ling
Yang, Xiaoming Yang. National Co-ordinating Centre, Beijing: Zheng Bian, Yu Guo, Xiao
Han, Can Hou, Jun Lv, Pei Pei, Chao Liu, Yunlong Tan, Canqing Yu. 10 Regional Co-
ordinating Centres: Qingdao CDC: Zengchang Pang, Ruqin Gao, Shanpeng Li, Shaojie Wang,
Yongmei Liu, Ranran Du, Yajing Zang, Liang Cheng, Xiaocao Tian, Hua Zhang, Yaoming Zhai,
Feng Ning, Xiaohui Sun, Feifei Li. Licang CDC: Silu Lv, Junzheng Wang, Wei Hou.
Heilongjiang Provincial CDC: Mingyuan Zeng, Ge Jiang, Xue Zhou. Nangang CDC: Liqiu
Yang, Hui He, Bo Yu, Yanjie Li, Qinai Xu,Quan Kang, Ziyan Guo. Hainan Provincial CDC:
Dan Wang, Ximin Hu, Jinyan Chen, Yan Fu, Zhenwang Fu, Xiaohuan Wang. Meilan CDC: Min
Weng, Zhendong Guo, Shukuan Wu,Yilei Li, Huimei Li, Zhifang Fu. Jiangsu Provincial CDC:
Ming Wu, Yonglin Zhou, Jinyi Zhou, Ran Tao, Jie Yang, Jian Su. Suzhou CDC: Fang liu, Jun
Zhang, Yihe Hu, Yan Lu, , Liangcai Ma, Aiyu Tang, Shuo Zhang, Jianrong Jin, Jingchao Liu.
Guangxi Provincial CDC: Zhenzhu Tang, Naying Chen, Ying Huang. Liuzhou CDC:
Mingqiang Li, Jinhuai Meng, Rong Pan, Qilian Jiang, Jian Lan,Yun Liu, Liuping Wei, Liyuan
Zhou, Ningyu Chen Ping Wang, Fanwen Meng, Yulu Qin,, Sisi Wang. Sichuan Provincial
CDC: Xianping Wu, Ningmei Zhang, Xiaofang Chen,Weiwei Zhou. Pengzhou CDC: Guojin
Luo, Jianguo Li, Xiaofang Chen, Xunfu Zhong, Jiaqiu Liu, Qiang Sun. Gansu Provincial CDC:
Pengfei Ge, Xiaolan Ren, Caixia Dong. Maiji CDC: Hui Zhang, Enke Mao, Xiaoping Wang,
Tao Wang, Xi zhang. Henan Provincial CDC: Ding Zhang, Gang Zhou, Shixian Feng, Liang
Chang, Lei Fan. Huixian CDC: Yulian Gao, Tianyou He, Huarong Sun, Pan He, Chen Hu,
Xukui Zhang, Huifang Wu, Pan He. Zhejiang Provincial CDC: Min Yu, Ruying Hu, Hao Wang.
Tongxiang CDC: Yijian Qian, Chunmei Wang, Kaixu Xie, Lingli Chen, Yidan Zhang, Dongxia
Pan, Qijun Gu. Hunan Provincial CDC: Yuelong Huang, Biyun Chen, Li Yin, Huilin Liu,
Zhongxi Fu, Qiaohua Xu. Liuyang CDC: Xin Xu, Hao Zhang, Huajun Long, Xianzhi Li, Libo
Zhang, Zhe Qiu.



Table S1. Adjusted Hazard ratios for cardiovascular diseases by baseline commuting mode.

Ischemic heart

Hemorrhagic

N disease Ischemic stroke stroke
Car or public transport 28,242  [Reference] [Reference] [Reference]
Motorcycle or moped 20,903 1.04 (0.92,1.17) 1.08 (0.95,1.22)  1.24(0.93,1.66)
Work at home or work near home 13,936  0.91 (0.83,1.00) 1.06 (0.96,1.16)  1.28 (0.98,1.68)
Walking 20,912 0.90 (0.84,0.97) 1.06 (0.98,1.15)  0.96 (0.75,1.23)
Cycling 20,177  0.82(0.75,0.89) 0.94 (0.85,1.03) 1.12(0.87,1.44)

Stratified Cox proportional models were used with stratification on age and study area. Multivariable model was
adjusted for sex; education; marital status; household income; occupation; alcohol consumption; smoking status;
intake frequencies of red meat, fresh fruits, and vegetables; leisure sedentary time; family history of heart attack or
stroke (only in the corresponding analysis); body mass index; prevalent hypertension; prevalent diabetes; cooking

pollution; heating pollution; passive smoking; occupational, housework, and leisure-time physical activity level.



Table S2. Subgroup analysis of associations between commuting mode and ischemic heart

disease according to potential baseline risk factors.

Work at home/near

home Walking Cycling f,-mmm-on
HR (95% CI) P’ HR (95%CI) P’ HR (95% CI) P'

All 0.90 (0.82,0.99) 0.90 (0.84,0.96) 0.81 (0.74,0.88)

Sex 0.428
men 0.91 (0.81,1.03) 0.92 (0.84,1.01) 0.86 (0.77,0.95)
women 0.93 (0.81,1.06) 0.778 0.91 (0.82,1.00) 0.946 0.80(0.69,0.93) 0.109

Age at baseline 0.651
<50y 0.90 (0.79,1.02) 0.88 (0.81,0.96) 0.77 (0.68,0.86)
>50y 0.88(0.77,1.00) 0.816 0.90 (0.80,1.00) 0.430 0.85(0.75,0.97) 0.237

Education level 0.252
Iliterate/primary school 0.78 (0.59,1.03) 0.73 (0.55,0.98) 0.70 (0.54,0.91)
Middle school and above 0.92 (0.83,1.01) 0.087 0.90 (0.84,0.97) 0.108 0.82(0.74,0.89) 0.141

Marital status 0.033
Unmarried 0.62 (0.45,0.85) 0.87 (0.69,1.10) 0.74 (0.54,1.01)
Married 0.94 (0.85,1.03) 0.004 0.90 (0.84,0.97) 0.461 0.81(0.75,0.89) 0.375

Household income 0.511
<20000/year 0.92 (0.79,1.07) 0.94 (0.83,1.05) 0.88(0.77,1.01)
>20000/year 0.90 (0.80,1.00) 0.847 0.88(0.81,0.95) 0.739 0.76 (0.68,0.85) 0.134

Occupation 0.810
Non-factory worker 0.91 (0.82,1.01) 0.92 (0.85,1.01) 0.82(0.72,0.93)
Factory worker 0.88(0.73,1.05) 0.858 0.86 (0.77,0.95) 0.370 0.79(0.70,0.89)  0.908

Smoking status 0.317
Not current daily smoker 0.96 (0.85,1.07) 0.90 (0.82,0.98) 0.82(0.73,0.91)
Current daily smoker 0.85(0.73,0.98) 0.078 0.92 (0.82,1.03) 0.768 0.83(0.73,0.94) 0.838

Alcohol consumption 0.896
Not current weekly drinker  0.88 (0.79,0.97) 0.89 (0.82,0.97) 0.78 (0.71,0.87)
Current weekly drinker 0.97 (0.82,1.15)  0.728 0.91 (0.80,1.03) 0.833 0.88(0.76,1.02) 0.551

Other physical activity level 0.894
Q1 0.77 (0.61,0.98) 0.92 (0.77,1.11) 0.77 (0.59,1.02)
Q2 0.90(0.79,1.03) 0.372 0.87(0.79,0.96) 0.711 0.79(0.69,0.91) 0.815
Q3 0.97 (0.84,1.13)  0.202 0.92 (0.82,1.02) 0.982 0.84(0.74,0.94)  0.590

Leisure sedentary time 0.412
<3 h/day 0.91 (0.80,1.04) 0.85(0.77,0.94) 0.76 (0.68,0.87)
>3 h/day 0.89(0.79,1.01) 0.519 0.95(0.86,1.04) 0.254 0.85(0.75,0.95) 0.378

Body mass index 0.806
<24 0.91 (0.78,1.05) 0.91 (0.82,1.02) 0.81(0.71,0.92)
24-<28 0.83(0.72,0.96) 0.293 0.88(0.79,0.98) 0.563 0.78 (0.69,0.89) 0.722
>28 1.06 (0.87,1.30) 0.688 0.88(0.74,1.03) 0.486 0.88(0.72,1.08) 0.699

Hypertension 0.109




Work at home/near

home Walking Cycling fin teraction
HR (95% CI) P' HR (95% CI) P’ HR (95% CI) P’
No 0.88 (0.78,0.99) 0.92 (0.85,1.00) 0.77 (0.69,0.86)
Yes 0.95(0.82,1.09) 0.653 0.86 (0.77,0.97) 0.075 0.87(0.76,0.99) 0.274
Diabetes 0.299
No 0.90 (0.82,0.99) 0.91 (0.85,0.98) 0.81(0.74,0.89)
Yes 0.89 (0.68,1.18) 0.684 0.79(0.63,0.99) 0.061 0.80 (0.60,1.06) 0.811

The reference category for all analyses was non-active commuting. Stratified Cox models were used and analyses

were done separately for each baseline characteristic. Models were adjusted for sex; education; marital status;

household income; occupation; alcohol consumption; smoking status; intake frequencies of red meat, fresh fruits,

and vegetables; leisure sedentary time; family history of heart attack; body mass index; prevalent hypertension;

prevalent diabetes; cooking pollution; heating pollution; passive smoking; occupational, housework, and leisure-

time physical activity level, except for the stratified variable in the corresponding subgroup analysis.

* P interaction: the tests for interaction were performed by means of likelihood ratio tests, which involved

comparing models with and without cross product terms between the baseline characteristic and commuting mode

(4 categories).

* P value of the Wald test.



Table S3. Subgroup analysis of associations between commuting mode and ischemic

stroke according to potential baseline risk factors.

Work at home/near

home Walking Cycling finmm-m
HR (95% CI) P' HR (95% CI) P' HR (95% CI) P’

All 1.04 (0.95,1.13) 1.05(0.97,1.13) 0.92 (0.84,1.00)

Sex 0.789
men 1.06 (0.94,1.18) 1.07 (0.98,1.18) 0.93 (0.84,1.03)
women 1.04 (0.90,1.20) 0.634 1.03 (0.92,1.16)  0.655 0.96 (0.82,1.12)  0.575

Age at baseline 0.203
<50y 1.10 (0.96,1.25) 1.07 (0.97,1.19) 0.88 (0.78,1.00)
>50y 0.95(0.84,1.07) 0.189 0.97 (0.87,1.08) 0.432 0.90 (0.80,1.01) 0.317

Education level 0.137
Hliterate/primary school 0.87 (0.70,1.09) 0.95 (0.75,1.20) 0.77 (0.62,0.94)
Middle school and above 1.08 (0.98,1.19) 0.028 1.06 (0.98,1.14) 0.396 0.95(0.86,1.04) 0.077

Marital status 0.564
Unmarried 1.25(0.92,1.70) 1.13 (0.87,1.48) 0.86 (0.60,1.21)
Married 1.02 (0.93,1.12) 0.862 1.04 (0.96,1.12) 0.559 0.92 (0.84,1.01) 0.344

Household income 0.155
<20000/year 1.05(0.91,1.21) 1.14 (1.01,1.28) 0.96 (0.84,1.10)
>20000/year 1.04 (0.93,1.16) 0.730 1.00 (0.91,1.10)  0.059 0.89(0.79,0.99) 0.342

Occupation 0.316
Non-factory worker 1.08 (0.97,1.20) 1.05 (0.96,1.16) 1.01 (0.89,1.14)
Factory worker 1.01 (0.85,1.20) 0.345 1.06 (0.95,1.19) 0.858 0.86 (0.76,0.97)  0.085

Smoking status 0.909
Not current daily smoker 1.03 (0.91,1.15) 1.05 (0.95,1.16) 0.92 (0.82,1.04)
Current daily smoker 1.08 (0.94,1.24) 0.651 1.07 (0.96,1.20) 0.890 0.94 (0.83,1.07) 0.694

Alcohol consumption 0.221
Not current weekly drinker  1.01 (0.91,1.13) 0.99 (0.90,1.09) 0.93 (0.84,1.04)
Current weekly drinker 1.10(0.94,1.28) 0.647 1.16 (1.03,1.31) 0.066 0.91(0.79,1.04) 0.757

Other physical activity level 0.905
Q1 0.95 (0.75,1.20) 1.10(0.90,1.34) 0.87 (0.66,1.16)
Q2 1.07 (0.93,1.22) 0.709 1.01 (0.90,1.13) 0.415 0.91 (0.79,1.04)  0.906
Q3 1.02 (0.89,1.17) 0.885 1.08 (0.96,1.21) 0.740 0.94 (0.83,1.05) 0.973

Leisure sedentary time 0.736
<3 h/day 1.08 (0.95,1.23) 1.07 (0.97,1.19) 0.93 (0.82,1.05)
>3 h/day 0.99 (0.88,1.12) 0.347 1.03 (0.93,1.14) 0.572 0.91 (0.81,1.03) 0.875

Body mass index 0.373
<24 1.08 (0.94,1.25) 1.04 (0.92,1.17) 0.87 (0.76,1.00)
24-<28 0.96 (0.84,1.10) 0.194 1.09 (0.97,1.21) 0.498 0.93 (0.82,1.06) 0.303
>28 1.12(0.91,1.38) 0.670 0.98 (0.81,1.17)  0.429 0.97 (0.79,1.21)  0.693

Hypertension 0.251




Work at home/near
home

Walking

Cycling

Pinteraction

*

HR (95%CI) P’ HR (95%CI) P’ HR (95% CI) P’
No 1.04 (0.92,1.17) 1.00 (0.91,1.11) 0.89 (0.79,1.00)
Yes 1.06 (0.93,1.20) 0.252 1.12 (1.00,1.25) 0.466 0.96 (0.85,1.09) 0.323
Diabetes 0.374
No 1.01 (0.92,1.11) 1.04 (0.96,1.13) 0.91 (0.83,1.00)
Yes 1.32(1.02,1.71) 0.168 1.13(0.90,1.41) 0.832 1.01(0.78,1.30) 0.319

The same as in Table S2.



Table S4. Subgroup analysis of associations between commuting mode and hemorrhagic

stroke according to potential baseline risk factors.

Work at home/near

Pinteraction
*

All
Sex
men
women
Age at baseline
<50y
>50y
Education level
[lliterate/primary school
Middle school and above
Marital status
Unmarried
Married
Household income
<20000/year
>20000/year
Occupation
Non-factory worker

Factory worker
Smoking status

Not current daily smoker
Current daily smoker
Alcohol consumption
Not current weekly drinker
Current weekly drinker
Other physical activity level
Q1
Q2
Q3
Leisure sedentary time
<3 h/day
>3 h/day
Body mass index
<24
24-<28
>28

Hypertension

home Walking Cycling

HR (95% CI) P' HR (95% CI) P' HR (95% CI) P'
1.17 (0.92,1.49) 0.89(0.71,1.11) 1.01 (0.82,1.26)

1.25 (0.95,1.65) 0.91 (0.70,1.18) 1.06 (0.83,1.35)

1.06 (0.66,1.70) 0.237 0.83(0.54,1.27) 0.464 0.83(0.52,1.32) 0.127
1.35(0.96,1.91) 0.93 (0.70,1.25) 1.16 (0.86,1.56)

0.97 (0.70,1.34)  0.079 0.74 (0.52,1.04) 0.125 0.80(0.59,1.09) 0.046
1.23 (0.79,1.93) 0.73 (0.41,1.31) 0.90 (0.60,1.36)

1.17 (0.88,1.56) 0.956 0.93 (0.73,1.19)  0.360 1.06 (0.82,1.36) 0.529
1.91 (0.71,5.14) 1.74 (0.76,3.98) 1.45 (0.57,3.69)

1.14 (0.89,1.46) 0.378 0.84 (0.66,1.06) 0.075 0.98 (0.79,1.22) 0.397
1.05 (0.72,1.54) 0.85(0.60,1.22) 1.05 (0.75,1.46)

1.22 (0.90,1.67) 0.484 0.91 (0.69,1.22) 0.612 0.95(0.71,1.26) 0.871
1.18 (0.88,1.59) 0.90 (0.66,1.23) 0.97 (0.70,1.36)

1.24 (0.81,1.91) 0.909 0.88(0.64,1.20) 0.950 1.05(0.79,1.39)  0.693
1.19 (0.84,1.69) 0.94 (0.68,1.28) 1.01 (0.73,1.39)

1.22 (0.88,1.69) 0.560 0.83(0.60,1.13) 0.885 0.99 (0.75,1.32)  0.593
1.30(0.97,1.75) 0.97 (0.73,1.29) 1.01 (0.76,1.34)
1.05(0.70,1.58) 0.310 0.74 (0.51,1.06) 0.214 1.02 (0.73,1.42) 0.885
1.05 (0.47,2.32) 0.72 (0.33,1.57) 1.58(0.71,3.50)
1.30(0.87,1.93) 0.783 1.12 (0.80,1.59) 0.520 1.03 (0.69,1.55) 0.275
1.08 (0.77,1.51) 0.947 0.75(0.55,1.04) 0.668 0.94 (0.72,1.23) 0.137
1.39 (0.99,1.95) 0.87 (0.63,1.20) 0.96 (0.70,1.31)

1.00 (0.71,1.40) 0.304 0.91 (0.67,1.23) 0.882 1.09 (0.81,1.46) 0.623
1.16 (0.80,1.67) 0.78 (0.54,1.12) 1.00 (0.73,1.37)

1.16 (0.79,1.68) 0.754 0.86 (0.61,1.21) 0.494 0.93 (0.66,1.31) 0.842
1.36 (0.76,2.44) 0.697 1.35(0.81,2.26) 0.062 1.39 (0.80,2.39) 0.306

0.432

0.131

0.760

0.359

0.830

0.977

0.879

0.523

0.456

0.585

0.639

0.075




Work at home/near
home

Walking

Cycling

Pinteraction

*

HR (95%CI) P’ HR (95%CI) P’ HR (95% CI) P’
No 1.25(0.83,1.90) 0.65(0.43,1.01) 0.84 (0.57,1.24)
Yes 1.11 (0.83,1.49) 0.162 0.99 (0.76,1.28) 0.092 1.07 (0.83,1.38) 0.889
Diabetes 0.994
No 1.18 (0.91,1.52) 0.90 (0.71,1.14) 1.03 (0.82,1.29)
Yes 1.07 (0.53,2.16) 0.903 0.87 (0.45,1.66) 0.841 0.90 (0.47,1.73)  0.994

The same as in Table S2.



