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Abstract

Background: There is a paucity of population-based geospatial data about the
association between active transport and myocardial infarction (MI). We investigated

the association between active transport to work and incidence of ML

Design: This ecological study of 325 local authorities in England included 43,077,039
employed individuals aged 25-74 years (UK Census, 2011), and 117,521 individuals

with MI (Myocardial Ischaemia National Audit Project, 2011-2013).

Methods: Bayesian negative binomial regression models were used to investigate the
association of active transport to work and incidence of MI adjusting for local levels of

deprivation, obesity, smoking, diabetes, and physical activity.

Results: In 2011, the prevalence of active transportation to work for people in
employment in England aged 25-74 years was 11.4% (4,531,182 active transporters;
8.6% walking and 2.8% cycling). Active transport in 2011 was associated with a
reduced incidence of MI in 2012 amongst men cycling to work (incidence rate ratio
(95% credible interval) 0.983 (0.967 to 0.999); and women walking to work (0.983
(0.967 t0 0.999)) after full adjustments. However, the prevalence of active transport for
men and women was not significantly associated with the combined incidence of MI

between 2011 and 2013 after adjusting for physical activity, smoking and diabetes.

Conclusions: In England, the prevalence of active transportation was associated with
a reduced incidence of MI for women walking and men cycling to work in
corresponding local geographic areas. The overall association of active transport with
MI was, however, explained by local area levels of smoking, diabetes and physical

activity.
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Introduction

Active transport, most commonly walking or cycling, is the use of physical activity to
commute to work."2 Beyond the dose-response relationship between physical activity,
cardiovascular fitness and mortality,> * those who engage in active transport have
improved cardiovascular risk profiles, including a lower body mass index,” © less
hypertension and diabetes,’® and a reduced risk of cardiovascular disease and all-cause

mortality.”!!

12 and

Active transport has been identified as a central theme for ‘healthy cities’
evidence suggests that the population benefits from interventions to promote cycling,
such as bike hire schemes, outweigh the harms.'*!> Moreover, the United Kingdom
(UK) Government’s Cycling and Walking Investment Strategy (CWIS) has recognised
the potential of active transport to benefit society through cheaper travel, improved air

quality and better health.'® However, there is a paucity of population-based geospatial

data about the association between active transport and myocardial infarction (MI).

The UK is unique in that there are a range of national data sources which prospectively
collect information regarding active transport, population demographics and clinical
outcomes such as MI. Therefore, we aimed to use data from the UK Census, the UK
national heart attack register (Myocardial Ischaemia National Audit Project, MINAP)
and Public Health England to investigate the association between the mode of active

transport to work and the incidence of MI in men and women.
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Methods

Study design and participants

We conducted an ecological study of 43,077,039 employed people aged 2574 years in
the 2011 UK Census, and 117,521 people hospitalised with MI in MINAP between

2011 and 2013, split according to the 325 Local Authorities in England.

Data sources

Exposure

The 2011 Census served as the exposure sampling frame for active transport data for
the inhabitants of England. The Census collects self-reported information for all
inhabitants of England and Wales, and in 2011 had a response rate of 94% for England.
We extracted, by sex and decennial age band, the numbers of individuals living in
England who identified their main mode of transport to work as either ‘bicycle’ or ‘on
foot’. Given that active transport data concerned only employed individuals, we
restricted the cohort to those aged 25-74 years; we included ages 65-74 years because,
although UK employment rates decline from the age of 65 years, the incidence of MI

is elevated in this group.!”

Primary outcome data

The primary outcome, MI in England between 2011 and 2013, was derived from
MINAP, the UK national clinical register of admissions to hospital of patients with
acute coronary syndrome.'® The recorded diagnosis of MI in MINAP was made by the
attending senior physician and based on the guidelines from the European Society of

Cardiology, American College of Cardiology and the American Heart Association."”

Confounders
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Data for potential confounders were obtained from the Public Health England
‘FingerTips’ database which can be found online.® This included geospatial
information about the prevalence of overweight and obesity (defined as the proportion
of individuals with a body mass index >25 kg/m? which was estimated from the Sport
England’s Active People Survey of n~150,000 per year with a minimum of 500
individuals per Local Authority), the prevalence of physical activity (defined as a
minimum of 150 minutes of moderate or vigorous intensity physical activity per week
which was estimated from the Sport England’s Active People Survey), the prevalence
of diabetes (which was estimated from the Quality Outcomes Framework data collected
on individuals aged 17 years and over registered with General Practices), the prevalence
of current smokers (which was estimated from the UK Office for National Statistics
Integrated Household Survey (of ~200,000 participants per year),?! and socioeconomic

deprivation estimated from the 2011 English Indices of Multiple Deprivation.

Geographic units

For each of the data sources, information for England was extracted and aggregated to
Local Government Unitary Authority’s and Districts (Local Authority) level. English
Local Authorities are administrative zones, tasked with the delivery of public health,
and are the size of a large town or city (mean Local Authority population = 171,207
inhabitants). We included 325 Local Authorities (the City of London was excluded due

to its small population).

Ethical approval
Given that all data were anonymised, aggregated and not linked, under the 2011 section

2.3 Governance Arrangements for Research Ethics Committees, this study did not need
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a favourable ethical opinion. The National Institute for Cardiovascular Outcomes
Research, which includes the MINAP database, has support under section 251 of the
National Health Service Act of 2006 to use patient information for medical research

without informed consent.

Statistical analysis

Bayesian negative binomial regression based on the Integrated Nested Laplace
Approximation (INLA) method®* ** was used to investigate the association between
active transport and the incidence of MI stratified by sex. This method provides more
precise parameter estimates, shortened computation time, and circumvents convergence
issues compared to methods such as Markov Chain Monte Carlo.?* The expected MI
count was included in unadjusted and adjusted models as an offset to account for
variability in the total population and its composition per Local Authority. Adjusted
counts were calculated using indirect standardisation for sex and decennial age bands
(25-34, 35-44, 45-54, 55-64, and 65-74 years). Models were fitted to separately
investigate the association between the proportion of men and women in a Local
Authority who walked or cycled to work in 2011 and the incidence of MI between 2011
and 2013. To investigate whether there was a lag effect between active transport and
MI, models were fitted by MI counts for individual years (2011, 2012 and 2013). For
these models, we incrementally increased the age ranges to reflect changes since the
exposure in 2011 (i.e. in 2011 the population of interest in our outcome variables was
ages 25-74 years, then in 2012 this was ages 26-75 years, and in 2013 it was ages 27-
76 years). Analyses were adjusted for level of deprivation, prevalence of overweight
and obesity, levels of physical activity, smoking, and prevalence of diabetes, estimated

at each Local Authority. Results were expressed as incidence rate ratios (IRR) and
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associated 95% credible intervals (CI). All analyses were undertaken using the

statistical software R Core 2017.%

Sensitivity analyses

A sensitivity analyses was conducted by adjusting the models for men and women for

physically activity at the Local Authority level.

Patient involvement

No patients were involved in setting the research question, the outcome measures, the
design or the implementation of the study. However, we involved a patient and two
Olympic triathletes in the interpretation of the research findings, critical review of the

manuscript and its dissemination.

Results

Descriptive data

According to the 2011 UK Census, there were 43,077,039 employed people aged 25—
74 years. In 2011, the prevalence of active transportation to work for people in
employment in England aged 25-74 years was 11.4% (4,531,182 active transporters),
which varied according to Local Authority (median 10.3%, range 5%-41.6%). The
prevalence of active transportation to work by Local Authority alongside crude area
rates of MI and the point incidence of MI are presented in Figure 1. Overall, walking
was more popular (8.6%) than cycling (2.8%). Cycling was more prevalent among men
than women (3.8% vs. 1.7%), and walking more prevalent among women than men

(11.7% vs. 6.0%). Active transport, predominantly cycling, was more prevalent among
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younger individuals, with 31.3% of those who cycled to work being aged 25-34 years

and 30.2% of all those aged 25-74 years walked to work.

Myocardial infarction

Between 2011 and 2013, there were 117,521 recorded cases of MI in England (75.1%,
n=88,201 men and 24.9%, n=29,320 women) which equated to a Local Authority
median (IQR) of 196 (138-312) men and 63 (43-108) women hospitalised with MI
(Figure 1). The crude rate of MI hospitalisations for England (2011-13) was 90.7 per
100,000 capita, with the crude rate being twice as high for men than women (122.1 vs.
60.3 per 100,000). The rates of MI increased with age, being highest for ages 65-74

years (234.7 per 100,000 capita).

Association between active transport in 2011 and incidence of MI between 2011 and

2013

Active transport in 2011 was associated with a reduced incidence of MI in 2011 and
2012 for men cycling to work (incidence rate ratio (95% credible interval) 0.984 (0.969-
0.999) and 0.983 (0.967 to 0.999) respectively; and a reduced incidence of MI in 2012
and 2013 for women walking to work (0.983 (0.967 to 0.999) and 0.979 (0.958-0.999))

after full adjustment (Table 1).

The prevalence of active transport in 2011 for men and women was significantly
associated with a reduced combined incidence of MI between 2011 and 2013 after
adjustment for level of deprivation, prevalence of overweight and obesity
(supplemental Table 1). However, the association with the combined incidence of MI
between 2011 and 2013 was no longer evident after further adjusting for physical

activity, smoking and diabetes (Table 1).

10
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For men, there was no significant association (unadjusted or adjusted) between walking
and the incidence of MI for all three years, and for women there was no significant

association after adjustment between cycling and the incidence of MI for all three years.

Association between prevalence of active transport in 2011 and incidence of MI in

2011-2013 by age band for men and women

Age-stratified analyses found an inverse association between cycling to work and the
incidence of MI in men aged 55-64 years in the corresponding geographical area,
whereby a 1% increase in cycling prevalence was associated with a 3.5% decrease in
the incidence of MI (IRR 0.965, 95% Cls 0.937-0.997) (Table 2). For women aged 45-
54, a 1% increase in cycling prevalence was associated with a 3.8% decrease in the
incidence of MI in the corresponding geographical area (IRR 0.962, 95% Cls 0.933-

0.993).

An increased prevalence of walking to work was associated with a reduced incidence
of MI in men aged 25-34 years (IRR 0.953, 95% CIs 0.930 to 0.977), 35-44 years
(0.944, 0.913 to 0.978);, 45-54 years (0.920, 0.886 to 0.957), 55-64 years (0.916, 0.881
to 0.954) and 65-74 years (0.909, 95% ClIs 0.862 to 0.961). A similar pattern was
evident for women aged 25-34 years (IRR 0.967, 95% Cls 0.936 to 0.998), 35-44 years
(0.949, 0.922 t0 0.977), 45-54 years (0.952, 0.928 to 0.978), 55-64 years (0.959, 0.933

to 0.985) and 65-74 years (0.967, 0.941 to 0.994).

11
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Discussion

In this national ecological study of over 40 million employed inhabitants of England
aged 25-74 years of whom about 5 million were active transporters, the prevalence of
walking to work was higher for women than men, and the prevalence of cycling to work
was higher for men than women. In areas with increased levels of women walking and
men cycling to work in 2011, the incidence of MI was reduced by 1.7% for women and
men in 2012. These findings were independent of area levels of deprivation, obesity,
physical activity, smoking and diabetes. Age-stratified analyses found that cycling to
work was independently associated with a 3.5% reduced incidence of MI for men aged
55-64 years and a 3.8% reduced incidence of MI for women aged 45-54 years. Whilst
we observed associations between these subgroups of active transport in 2011 and
incidence of MI in 2012, the prevalence of walking and cycling for men and women
did not have a significant association with the combined incidence of MI between 2011
and 2013 after adjustment for area levels of overall physical activity, smoking and

diabetes.

Our findings support previous research which has found that cycling and walking is
associated with improved cardiovascular risk profiles. Previous studies report
associations between cycle commuting and lower risk of cardiovascular disease, cancer

10, 26

and mortality, walking and lower risk of cardiovascular mortality®, active transport

and diabetes and lower hypertension?’, active transportation and reduced risk of being

overweight and obese.> 7%’

Many of these studies, however, were limited by small samples sizes,% 7> 2

imperfect
data collection or self-reported outcomes and these studies were conducted more than

5 years ago using data from surveys conducted from 2005-2010. Few studies have

12
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investigated the relationship between active transportation to work and MI specifically

7

— instead focussing on cardiovascular disease,'” 2 hypertension,?’” overweight and

3,27 4,10 10, 26, 29

diabetes, obesity,3 mortality,”™ “and cancer.

Our findings are, however, not in agreement with a Netherlands study which reported
no association between walking and cardiovascular disease, though non-walkers made
up only 3% of the cohort.*® Whilst the other largest UK study to date (of 263,450
participants and 1,110 incident cardiovascular events) did find that self-reported
cycling and walking was associated with improved cancer and cardiovascular
outcomes, it was limited by potential healthy user bias sampling.'® Our study mitigated
issues of self-reporting health outcomes, small sample sizes and healthy user biases by
using national data for exposure, outcomes and confounder estimates of 43 million
individuals and 117,521 MI cases. Therefore, we provide, for the first time, nationwide
data on the association between area levels of active transport to work and the incidence

of MI within age, sex and year strata as well as by cycling and walking subgroups.

More broadly, the results of this study support previous research indicating that physical
inactivity has major health impacts at the national level that can be alleviated by
increasing the number of people who walk and cycle to work.’! Due to its speed
(enabling greater distances of travel than walking) and efficiency, cycling is a feasible
approach for commuting which can increase physical activity levels and therefore help
population health outcomes.*? A recent study showed that physical activity is associated
with a reduced risk of having significant coronary artery calcium in individuals with
metabolic syndrome.33 We found that the prevalence of active transport to work in

England was low, but contest, therefore, that the potential to increase its uptake is great.

13
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We found that the overall significant inverse association of active transport to work
with MI was removed by local level estimates of smoking, diabetes and physical
activity. Clearly, these traditional cardiovascular risk factors remain important
determinants of the incidence of MI, and with a global trend for increasing rates,>*
should not be neglected. Moreover, the significant associations identified in this study
suggest that active transportation is an important additional focal point for health policy

and cardiovascular outcomes.

Study limitations

We recognise the limitations of our study. Data concerning MI were derived from
MINAP, and in doing so were limited to hospitalised case; not all MIs are recorded in
MINAP, and deaths due to MI occurring before hospital are not captured. Active
transport data are comprehensive across the UK, but self-report the duration of active
commuting and not its intensity. Self-reported data may underestimate the association
between active commuting and reduced incidence of MI due to a tendency for
participants to over-report their duration of physical activity.’® It is plausible that
patients who were at an increased risk of MI (with a number of risk factors and/or active
cardiovascular disease) did not participate in active transportation and therefore inflated
the healthier user effect reported in this study. Likewise, we cannot conclude a single
direction of the association because, for example, people with coronary artery disease
may have been less likely to actively transport to work. We adjusted for a range of
potential confounders, but residual confounding is possible. Although other factors,
may explain the results, our findings are supportive of previous studies that have found
an association between active transport and improved health. Given that we did not use

individual-level data, the ecological fallacy (in this case, the detection of a lower

14
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incidence of MI among the population who are not active commuters) is relevant. We
reduced this bias by including data, where available, at the highest possible
geographical resolution. Our use of population-grouped data also meant that we could
not track individuals who may have migrated between Local Authorities between 2011

and 2013. Finally, this study does not propose causation.

Future directions

Future studies using individual-level data are required to investigate the causal
relationship between active transport and MI. This as, well as more detailed information
regarding duration and intensity of exercise (by means of person-reported data capture
tools) linked to clinical outcomes data, would provide a stronger evidence base for

investment in active transport to reduce the burden of cardiovascular disease.

Conclusion

This national ecological study of nearly 5 million active transporters to work in 2011
identified an inverse association between the local geographical area prevalence of
walking and cycling to work and incidence of MI for men and women. Whilst the
association overall was no longer evident after accounting for area levels of smoking,
diabetes and physical activity, the effects of walking were independently associated
with reduced incidence of MI for women, and the effects of cycling were independently
associated with reduced incidence of MI for men. Therefore, efforts to increase the

uptake of active transport to work are warranted to improve population-based health.
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Figure Legends

Figure 1: Choropleths, by Local Authority in England of a) prevalence of cycling to
work in 2011, b) prevalence of walking to work in 2011 and c) incidence of MI per
100,000 inhabitants in 2011-2013, and d) incidence of MI in England in 2011-13

Text tables

Table 1. Association between the prevalence of cycling and walking to work in 2011

and the incidence of hospitalised myocardial infarction in 2011, 2012 and 2013 for

men and women.

Table 2: Association between prevalence of cycling and walking to work in 2011 and

incidence of myocardial infarction in 2011-2013 by age band, for men and women.
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Table 1. Association between the prevalence of cycling and walking to work in 2011

and the incidence of hospitalised myocardial infarction in 2011, 2012 and 2013 for

men and women

Men Women

Walking Cycling Walking Cycling
Unadjusted IRR (95%CI) IRR (95%CI) IRR (95%CI) IRR (95%CI)
2011 1.013 (0.995-1.030)  0.972 (0.956-0.989)  1.024 (1.008-1.041)  0.951 (0.925-0.977)
2012 1.013 (0.995-1.031)  0.972 (0.955-0.990)  1.017 (1.001-1.033)  0.944 (0.917-0.972)
2013 1.008 (0.988-1.028)  0.980 (0.961-1.001)  1.015 (0.996-1.034)  0.952 (0.921-0.984)
2011-2013 0.999 (0.986-1.012)  0.984 (0.970-0.998)  1.006 (0.995- 1.018)  0.973 (0.955-0.992)
Adjusted
2011 0.990 (0.974-1.007)  0.984 (0.969-0.999)  0.996 (0.979-1.013)  0.988 (0.962-1.014)
2012 0.987 (0.970-1.005)  0.983 (0.967-0.999)  0.983 (0.967-0.999)  0.981 (0.955-1.007)
2013 0.986 (0.966-1.007)  0.992 (0.974-1.012)  0.979 (0.958-0.999)  0.996 (0.964-1.029)
2011-2013 0.988 (0.975-1.001)  0.996 (0.983-1.010)  0.992 (0.981-1.004)  1.003 (0.985-1.022)

IRR: Incidence rate ratio; CI confidence interval. Adjusted for level of deprivation, prevalence of overweight and
obesity, levels of physical activity, smoking and diabetes, estimated at each Local Authority. To control for age
and sex differences between Local Authorities all models included an age- and sex-specific offset which was the

expected count of AMI
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Table 2: Association between prevalence of cycling and walking to work in 2011 and

incidence of myocardial infarction in 2011-2013 by age band, for men and women.

Men Women
Age band, years
IRR (95% CI) IRR (95% CI)
% Cycling  0.985 (0.955-1.016) 0.959 (0.875-1.040)
25-34
% Walking 0.953 (0.930-0.977) 0.967 (0.936-0.998)
% Cycling  0.979 (0.953-1.007) 0.980 (0.941-1.023)
35-44
% Walking 0.944 (0.913-0.978) 0.949 (0.922-0.977)
% Cycling  0.981 (0.954-1.010) 0.962 (0.933-0.993)
45-54
% Walking 0.920 (0.886-0.957) 0.952 (0.928-0.978)
% Cycling  0.965 (0.937-0.997) 0.975 (0.945-1.008)
55-64
% Walking 0.916 (0.881-0.954) 0.959 (0.933-0.985)
65-74 % Cycling 0.971 (0.936-1.010) 0.968 (0.932-1.009)
% Walking 0.909 (0.862-0.961) 0.967 (0.943-0.994)

IRR: Incidence rate ratio; CI confidence interval. Adjusted for level of deprivation, prevalence of overweight and obesity, levels of

physical activity smoking and diabetes, estimated at each Local Authority. To control for age and sex differences between Local

Authorities all models included an age- and sex-specific offset which was the expected count of AMI.
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a) Prevalence of cycling to work, 2011

b) Prevalence of walking to work, 2011
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Figure 1: Choropleths, by Local Authority in England of a) prevalence of cycling to work in 2011, b) prevalence of

walking to work in 2011 c¢) incidence of MI per 100,000 inhabitants in 2011-2013, and d) incidence of MI in England

in 2011-2013.

24




Manuscript with track chnages

O Jo b W

Title: Association of prevalence of active transport to work and incidence of

myocardial infarction: A nationwide ecological study

Authors: Theresa Munyombwe,'? Robin Lovelace,>* Mark Green P,* Paul Norman,’
Sarah Walpole,® Marlous Hall,"?> Adam Timmis,'® Phil Batin,” Alistair Brownlee,®

Jonathan Brownlee,® Ged Oliver,® Chris P Gale'?

Affiliations:

I Leeds Institute of Cardiovascular and Metabolic Medicine, University of Leeds,
Leeds, UK

2 Leeds Institute for Data Analytics, University of Leeds, Leeds, UK

3 Institute for Transport Studies, University of Leeds, Leeds, UK

4 Department of Geography and Planning, University of Liverpool, Liverpool, UK.

5 Medecins sans Frontieres, London, UK

6 British Triathlon, UK

7 School of Geography, University of Leeds, Leeds, UK

8 Patient representative, Lancashire, United Kingdom

9 Department of Cardiology, Mid Yorkshire Hospitals NHS Trust, Wakefield, UK

10 NIHR Cardiovascular Biomedical Research Unit, Barts Heart Centre, London, UK

Corresponding author:

Professor Chris P Gale, Leeds Institute for Data Analytics, Level 11 Worsley Building,

Clarendon Way, University of Leeds, Leeds, UK

Tel: +44 0113 343 8916, Email: c.p.gale @leeds.ac.uk, Twitter: @cpgale3



mailto:c.p.gale@leeds.ac.uk

O Jo b W

This work was supported by British Heart Foundation [PG/13/81/30474 to M.H and

C.P.G]

Word count 4928



O Jo b W

Ao OO U OO OO DD DDDWWWWWWWWWWDNDDNdNDNMdDNNdNMdDNMdDNMdMNNRERPRPRPRRRPRRERERRE
ad WNPFRPODWOJOOUP WNDNRPODOVOJIOUTDWNRPOWOWOJIJONUDd WNREFOWOWOJOOUD WNREOWOOWLWTIOoOUdWwDNDERE OV

Abstract

Background: There is a paucity of population-based geospatial data about the
association between active transport and myocardial infarction (MI). We investigated

the association between active transport to work and incidence of ML

Design: This ecological study of 325 local authorities in England included 43,077,039
employed individuals aged 25-74 years (UK Census, 2011), and 117,521 individuals

with MI (Myocardial Ischaemia National Audit Project, 2011-2013).

Methods: Bayesian negative binomial regression models were used to investigate the
association of active transport to work and incidence of MI adjusting for local levels of

deprivation, obesity, smoking, diabetes, and physical activity.

Results: In 2011, the prevalence of active transportation to work for people in
employment in England aged 25-74 years was 11.4% (4,531,182 active transporters;
8.6% walking and 2.8% cycling). Active transport in 2011 was associated with a
reduced incidence of MI in 2012 amongst men cycling to work (incidence rate ratio
(95% credible interval) 0.983 (0.967 to 0.999); and women walking to work (0.983
(0.967 t0 0.999)) after full adjustments. However, the prevalence of active transport for
men and women was not significantly associated with the combined incidence of MI

between 2011 and 2013 after adjusting for physical activity, smoking and diabetes.

Conclusions: In England, the prevalence of active transportation was associated with
a reduced incidence of MI for women walking and men cycling to work in
corresponding local geographic areas. The overall association of active transport with
MI was, however, explained by local area levels of smoking, diabetes and physical

activity.
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Introduction

Active transport, most commonly walking or cycling, is the use of physical activity to
commute to work."2 Beyond the dose-response relationship between physical activity,
cardiovascular fitness and mortality,> * those who engage in active transport have
improved cardiovascular risk profiles, including a lower body mass index,” © less
hypertension and diabetes,’® and a reduced risk of cardiovascular disease and all-cause

mortality.”!!

12 and

Active transport has been identified as a central theme for ‘healthy cities’
evidence suggests that the population benefits from interventions to promote cycling,
such as bike hire schemes, outweigh the harms.'*!> Moreover, the United Kingdom
(UK) Government’s Cycling and Walking Investment Strategy (CWIS) has recognised
the potential of active transport to benefit society through cheaper travel, improved air

quality and better health.'® However, there is a paucity of population-based geospatial

data about the association between active transport and myocardial infarction (MI).

The UK is unique in that there are a range of national data sources which prospectively
collect information regarding active transport, population demographics and clinical
outcomes such as MI. Therefore, we aimed to use data from the UK Census, the UK
national heart attack register (Myocardial Ischaemia National Audit Project, MINAP)
and Public Health England to investigate the association between the mode of active

transport to work and the incidence of MI in men and women.



O Jo b W

Methods

Study design and participants

We conducted an ecological study of 43,077,039 employed people aged 2574 years in
the 2011 UK Census, and 117,521 people hospitalised with MI in MINAP between

2011 and 2013, split according to the 325 Local Authorities in England.

Data sources

Exposure

The 2011 Census served as the exposure sampling frame for active transport data for
the inhabitants of England. The Census collects self-reported information for all
inhabitants of England and Wales, and in 2011 had a response rate of 94% for England.
We extracted, by sex and decennial age band, the numbers of individuals living in
England who identified their main mode of transport to work as either ‘bicycle’ or ‘on
foot’. Given that active transport data concerned only employed individuals, we
restricted the cohort to those aged 25-74 years; we included ages 65-74 years because,
although UK employment rates decline from the age of 65 years, the incidence of MI

is elevated in this group.!”

Primary outcome data

The primary outcome, MI in England between 2011 and 2013, was derived from
MINAP, the UK national clinical register of admissions to hospital of patients with
acute coronary syndrome.'® The recorded diagnosis of MI in MINAP was made by the
attending senior physician and based on the guidelines from the European Society of

Cardiology, American College of Cardiology and the American Heart Association."”

Confounders
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Data for potential confounders were obtained from the Public Health England
‘FingerTips’ database which can be found online.® This included geospatial
information about the prevalence of overweight and obesity (defined as the proportion
of individuals with a body mass index >25 kg/m? which was estimated from the Sport
England’s Active People Survey of n~150,000 per year with a minimum of 500
individuals per Local Authority), the prevalence of physical activity (defined as a
minimum of 150 minutes of moderate or vigorous intensity physical activity per week
which was estimated from the Sport England’s Active People Survey), the prevalence
of diabetes (which was estimated from the Quality Outcomes Framework data collected
on individuals aged 17 years and over registered with General Practices), the prevalence
of current smokers (which was estimated from the UK Office for National Statistics
Integrated Household Survey (of ~200,000 participants per year),?! and socioeconomic

deprivation estimated from the 2011 English Indices of Multiple Deprivation.

Geographic units

For each of the data sources, information for England was extracted and aggregated to
Local Government Unitary Authority’s and Districts (Local Authority) level. English
Local Authorities are administrative zones, tasked with the delivery of public health,
and are the size of a large town or city (mean Local Authority population = 171,207
inhabitants). We included 325 Local Authorities (the City of London was excluded due

to its small population).

Ethical approval
Given that all data were anonymised, aggregated and not linked, under the 2011 section

2.3 Governance Arrangements for Research Ethics Committees, this study did not need
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a favourable ethical opinion. The National Institute for Cardiovascular Outcomes
Research, which includes the MINAP database, has support under section 251 of the
National Health Service Act of 2006 to use patient information for medical research

without informed consent.

Statistical analysis

Bayesian negative binomial regression based on the Integrated Nested Laplace
Approximation (INLA) method®* ** was used to investigate the association between
active transport and the incidence of MI stratified by sex. This method provides more
precise parameter estimates, shortened computation time, and circumvents convergence
issues compared to methods such as Markov Chain Monte Carlo.?* The expected MI
count was included in unadjusted and adjusted models as an offset to account for
variability in the total population and its composition per Local Authority. Adjusted
counts were calculated using indirect standardisation for sex and decennial age bands
(25-34, 35-44, 45-54, 55-64, and 65-74 years). Models were fitted to separately
investigate the association between the proportion of men and women in a Local
Authority who walked or cycled to work in 2011 and the incidence of MI between 2011
and 2013. To investigate whether there was a lag effect between active transport and
MI, models were fitted by MI counts for individual years (2011, 2012 and 2013). For
these models, we incrementally increased the age ranges to reflect changes since the
exposure in 2011 (i.e. in 2011 the population of interest in our outcome variables was
ages 25-74 years, then in 2012 this was ages 26-75 years, and in 2013 it was ages 27-
76 years). Analyses were adjusted for level of deprivation, prevalence of overweight
and obesity, levels of physical activity, smoking, and prevalence of diabetes, estimated

at each Local Authority. Results were expressed as incidence rate ratios (IRR) and
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associated 95% credible intervals (CI). All analyses were undertaken using the

statistical software R Core 2017.%

Sensitivity analyses

A sensitivity analyses was conducted by adjusting the models for men and women for

physically activity at the Local Authority level.

Patient involvement

No patients were involved in setting the research question, the outcome measures, the
design or the implementation of the study. However, we involved a patient and two
Olympic triathletes in the interpretation of the research findings, critical review of the

manuscript and its dissemination.

Results

Descriptive data

According to the 2011 UK Census, there were 43,077,039 employed people aged 25—
74 years. In 2011, the prevalence of active transportation to work for people in
employment in England aged 25-74 years was 11.4% (4,531,182 active transporters),
which varied according to Local Authority (median 10.3%, range 5%-41.6%). The
prevalence of active transportation to work by Local Authority alongside crude area
rates of MI and the point incidence of MI are presented in Figure 1. Overall, walking
was more popular (8.6%) than cycling (2.8%). Cycling was more prevalent among men
than women (3.8% vs. 1.7%), and walking more prevalent among women than men

(11.7% vs. 6.0%). Active transport, predominantly cycling, was more prevalent among
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younger individuals, with 31.3% of those who cycled to work being aged 25-34 years

and 30.2% of all those aged 25-74 years walked to work.

Myocardial infarction

Between 2011 and 2013, there were 117,521 recorded cases of MI in England (75.1%,
n=88,201 men and 24.9%, n=29,320 women) which equated to a Local Authority
median (IQR) of 196 (138-312) men and 63 (43-108) women hospitalised with MI
(Figure 1). The crude rate of MI hospitalisations for England (2011-13) was 90.7 per
100,000 capita, with the crude rate being twice as high for men than women (122.1 vs.
60.3 per 100,000). The rates of MI increased with age, being highest for ages 65-74

years (234.7 per 100,000 capita).

Association between active transport in 2011 and incidence of MI between 2011 and

2013

Active transport in 2011 was associated with a reduced incidence of MI in 2011 and
2012 for men cycling to work (incidence rate ratio (95% credible interval) 0.984 (0.969-
0.999) and 0.983 (0.967 to 0.999) respectively; and a reduced incidence of MI in 2012
and 2013 for women walking to work (0.983 (0.967 to 0.999) and 0.979 (0.958-0.999))

after full adjustment (Table 1).

The prevalence of active transport in 2011 for men and women was significantly
associated with a reduced combined incidence of MI between 2011 and 2013 after
adjustment for level of deprivation, prevalence of overweight and obesity
(supplemental Table 1). However, the association with the combined incidence of MI
between 2011 and 2013 was no longer evident after further adjusting for physical

activity, smoking and diabetes (Table 1).

10
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For men, there was no significant association (unadjusted or adjusted) between walking
and the incidence of MI for all three years, and for women there was no significant

association after adjustment between cycling and the incidence of MI for all three years.

Association between prevalence of active transport in 2011 and incidence of MI in

2011-2013 by age band for men and women

Age-stratified analyses found an inverse association between cycling to work and the
incidence of MI in men aged 55-64 years in the corresponding geographical area,
whereby a 1% increase in cycling prevalence was associated with a 3.5% decrease in
the incidence of MI (IRR 0.965, 95% Cls 0.937-0.997) (Table 2). For women aged 45-
54, a 1% increase in cycling prevalence was associated with a 3.8% decrease in the
incidence of MI in the corresponding geographical area (IRR 0.962, 95% Cls 0.933-

0.993).

An increased prevalence of walking to work was associated with a reduced incidence
of MI in men aged 25-34 years (IRR 0.953, 95% CIs 0.930 to 0.977), 35-44 years
(0.944, 0.913 to 0.978);, 45-54 years (0.920, 0.886 to 0.957), 55-64 years (0.916, 0.881
to 0.954) and 65-74 years (0.909, 95% ClIs 0.862 to 0.961). A similar pattern was
evident for women aged 25-34 years (IRR 0.967, 95% Cls 0.936 to 0.998), 35-44 years
(0.949, 0.922 t0 0.977), 45-54 years (0.952, 0.928 to 0.978), 55-64 years (0.959, 0.933

to 0.985) and 65-74 years (0.967, 0.941 to 0.994).

11
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Discussion

In this national ecological study of over 40 million employed inhabitants of England
aged 25-74 years of whom about 5 million were active transporters, the prevalence of
walking to work was higher for women than men, and the prevalence of cycling to work
was higher for men than women. In areas with increased levels of women walking and
men cycling to work in 2011, the incidence of MI was reduced by 1.7% for women and
men in 2012. These findings were independent of area levels of deprivation, obesity,
physical activity, smoking and diabetes. Age-stratified analyses found that cycling to
work was independently associated with a 3.5% reduced incidence of MI for men aged
55-64 years and a 3.8% reduced incidence of MI for women aged 45-54 years. Whilst
we observed associations between these subgroups of active transport in 2011 and
incidence of MI in 2012, the prevalence of walking and cycling for men and women
did not have a significant association with the combined incidence of MI between 2011
and 2013 after adjustment for area levels of overall physical activity, smoking and

diabetes.

Our findings support previous research which has found that cycling and walking is
associated with improved cardiovascular risk profiles. Previous studies report
associations between cycle commuting and lower risk of cardiovascular disease, cancer

10, 26

and mortality, walking and lower risk of cardiovascular mortality®, active transport

and diabetes and lower hypertension?’, active transportation and reduced risk of being

overweight and obese.> 7%’

Many of these studies, however, were limited by small samples sizes,% 7> 2

imperfect
data collection or self-reported outcomes and these studies were conducted more than

5 years ago using data from surveys conducted from 2005-2010. Few studies have

12
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investigated the relationship between active transportation to work and MI specifically

7

— instead focussing on cardiovascular disease,'” 2 hypertension,?’” overweight and

3,27 4,10 10, 26, 29

diabetes, obesity,3 mortality,”™ “and cancer.

Our findings are, however, not in agreement with a Netherlands study which reported
no association between walking and cardiovascular disease, though non-walkers made
up only 3% of the cohort.*® Whilst the other largest UK study to date (of 263,450
participants and 1,110 incident cardiovascular events) did find that self-reported
cycling and walking was associated with improved cancer and cardiovascular
outcomes, it was limited by potential healthy user bias sampling.'® Our study mitigated
issues of self-reporting health outcomes, small sample sizes and healthy user biases by
using national data for exposure, outcomes and confounder estimates of 43 million
individuals and 117,521 MI cases. Therefore, we provide, for the first time, nationwide
data on the association between area levels of active transport to work and the incidence

of MI within age, sex and year strata as well as by cycling and walking subgroups.

More broadly, the results of this study support previous research indicating that physical
inactivity has major health impacts at the national level that can be alleviated by
increasing the number of people who walk and cycle to work.?! Due to its speed
(enabling greater distances of travel than walking) and efficiency, cycling is a feasible
approach for commuting which can increase physical activity levels and therefore help

population health outcomes.*? A recent study showed that physical activity is associated

with a reduced risk of having significant coronary artery calcium in individuals with

metabolic syndrome.33 We found that the prevalence of active transport to work in

England was low, but contest, therefore, that the potential to increase its uptake is great.

13
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We found that the overall significant inverse association of active transport to work
with MI was removed by local level estimates of smoking, diabetes and physical
activity. Clearly, these traditional cardiovascular risk factors remain important
determinants of the incidence of MI, and with a global trend for increasing rates,>*
should not be neglected. Moreover, the significant associations identified in this study
suggest that active transportation is an important additional focal point for health policy

and cardiovascular outcomes.

Study limitations

We recognise the limitations of our study. Data concerning MI were derived from
MINAP, and in doing so were limited to hospitalised case; not all MIs are recorded in
MINAP, and deaths due to MI occurring before hospital are not captured. Active
transport data are comprehensive across the UK, but self-report the duration of active
commuting and not its intensity. Self-reported data may underestimate the association
between active commuting and reduced incidence of MI due to a tendency for
participants to over-report their duration of physical activity.’® It is plausible that
patients who were at an increased risk of MI (with a number of risk factors and/or active
cardiovascular disease) did not participate in active transportation and therefore inflated
the healthier user effect reported in this study. Likewise, we cannot conclude a single
direction of the association because, for example, people with coronary artery disease
may have been less likely to actively transport to work. We adjusted for a range of
potential confounders, but residual confounding is possible. Although other factors,
may explain the results, our findings are supportive of previous studies that have found
an association between active transport and improved health. Given that we did not use

individual-level data, the ecological fallacy (in this case, the detection of a lower

14
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incidence of MI among the population who are not active commuters) is relevant. We
reduced this bias by including data, where available, at the highest possible
geographical resolution. Our use of population-grouped data also meant that we could
not track individuals who may have migrated between Local Authorities between 2011

and 2013. Finally, this study does not propose causation.

Future directions

Future studies using individual-level data are required to investigate the causal
relationship between active transport and MI. This as, well as more detailed information
regarding duration and intensity of exercise (by means of person-reported data capture
tools) linked to clinical outcomes data, would provide a stronger evidence base for

investment in active transport to reduce the burden of cardiovascular disease.

Conclusion

This national ecological study of nearly 5 million active transporters to work in 2011
identified an inverse association between the local geographical area prevalence of
walking and cycling to work and incidence of MI for men and women. Whilst the
association overall was no longer evident after accounting for area levels of smoking,
diabetes and physical activity, the effects of walking were independently associated
with reduced incidence of MI for women, and the effects of cycling were independently
associated with reduced incidence of MI for men. Therefore, efforts to increase the

uptake of active transport to work are warranted to improve population-based health.
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Figure Legends

Figure 1: Choropleths, by Local Authority in England of a) prevalence of cycling to
work in 2011, b) prevalence of walking to work in 2011 and c) incidence of MI per
100,000 inhabitants in 2011-2013, and d) incidence of MI in England in 2011-13

Text tables

Table 1. Association between the prevalence of cycling and walking to work in 2011

and the incidence of hospitalised myocardial infarction in 2011, 2012 and 2013 for

men and women.

Table 2: Association between prevalence of cycling and walking to work in 2011 and

incidence of myocardial infarction in 2011-2013 by age band, for men and women.
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Table 1. Association between the prevalence of cycling and walking to work in 2011

and the incidence of hospitalised myocardial infarction in 2011, 2012 and 2013 for

men and women

Men Women

Walking Cycling Walking Cycling
Unadjusted IRR (95%CI) IRR (95%CI) IRR (95%CI) IRR (95%CI)
2011 1.013 (0.995-1.030)  0.972 (0.956-0.989)  1.024 (1.008-1.041)  0.951 (0.925-0.977)
2012 1.013 (0.995-1.031)  0.972 (0.955-0.990)  1.017 (1.001-1.033)  0.944 (0.917-0.972)
2013 1.008 (0.988-1.028)  0.980 (0.961-1.001)  1.015 (0.996-1.034)  0.952 (0.921-0.984)
2011-2013 0.999 (0.986-1.012)  0.984 (0.970-0.998)  1.006 (0.995- 1.018)  0.973 (0.955-0.992)
Adjusted
2011 0.990 (0.974-1.007)  0.984 (0.969-0.999)  0.996 (0.979-1.013)  0.988 (0.962-1.014)
2012 0.987 (0.970-1.005)  0.983 (0.967-0.999)  0.983 (0.967-0.999)  0.981 (0.955-1.007)
2013 0.986 (0.966-1.007)  0.992 (0.974-1.012)  0.979 (0.958-0.999)  0.996 (0.964-1.029)
2011-2013 0.988 (0.975-1.001)  0.996 (0.983-1.010)  0.992 (0.981-1.004)  1.003 (0.985-1.022)

IRR: Incidence rate ratio; CI confidence interval. Adjusted for level of deprivation, prevalence of overweight and
obesity, levels of physical activity, smoking and diabetes, estimated at each Local Authority. To control for age
and sex differences between Local Authorities all models included an age- and sex-specific offset which was the

expected count of AMI
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Table 2: Association between prevalence of cycling and walking to work in 2011 and

incidence of myocardial infarction in 2011-2013 by age band, for men and women.

Men Women
Age band, years
IRR (95% CI) IRR (95% CI)
% Cycling  0.985 (0.955-1.016) 0.959 (0.875-1.040)
25-34
% Walking 0.953 (0.930-0.977) 0.967 (0.936-0.998)
% Cycling  0.979 (0.953-1.007) 0.980 (0.941-1.023)
35-44
% Walking 0.944 (0.913-0.978) 0.949 (0.922-0.977)
% Cycling  0.981 (0.954-1.010) 0.962 (0.933-0.993)
45-54
% Walking 0.920 (0.886-0.957) 0.952 (0.928-0.978)
% Cycling  0.965 (0.937-0.997) 0.975 (0.945-1.008)
55-64
% Walking 0.916 (0.881-0.954) 0.959 (0.933-0.985)
65-74 % Cycling 0.971 (0.936-1.010) 0.968 (0.932-1.009)
% Walking 0.909 (0.862-0.961) 0.967 (0.943-0.994)

IRR: Incidence rate ratio; CI confidence interval. Adjusted for level of deprivation, prevalence of overweight and obesity, levels of

physical activity smoking and diabetes, estimated at each Local Authority. To control for age and sex differences between Local

Authorities all models included an age- and sex-specific offset which was the expected count of AMI.
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a) Prevalence of cycling to work, 2011

b) Prevalence of walking to work, 2011
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Figure 1: Choropleths, by Local Authority in England of a) prevalence of cycling to work in 2011, b) prevalence of

walking to work in 2011 c¢) incidence of MI per 100,000 inhabitants in 2011-2013, and d) incidence of MI in England

in 2011-2013.
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